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Foreword
Children are the anchors that hold a mother to life
Phaedra, Sophocles

In almost all traditions, the importance of procreation is inherent in man’s very creation; both Old and
New Testaments of the Bible refer to the tragic plight of barren women, eloquently describing the pain
and agony of childlessness. However, records dated far earlier than the Bible confirm that fertility has
been a constant fundamental priority and preoccupation, in all societies, throughout the ages of man.
Fertility symbols are clearly identified in the relics of prehistoric times, of ancient civilizations in all
parts of the world, a recognition of the concept that man’s existence depends upon the renewal of fertility.
The above quotation was written by Sophocles 2500 years ago. The ancient Canaanites and Greeks had
gods of fertility—Ashtarte and Hermes. Today infertility is recognized as a disease by the World Health
Organization, and numerous health care providers throughout the world. Recurrent pregnancy loss represents one aspect of disordered fertility. Recurrent pregnancy loss has been described as the “orphan”
of infertility as this condition is often overlooked in the larger process of research and management of
fertility. Recurrent pregnancy loss is a heterogeneous condition, with numerous causes, and numerous
treatment options. It is multidisciplinary, involving gynecology, genetics, endocrinology, immunology,
pediatrics and internal medicine. Whatever the cause and possible treatment, the psychological implications are enormous. Both partners may feel that they have failed in their parenting role. Couples have
divorced with mutual recriminations, each blaming the other. Even when pregnancy does succeed, the
pregnancy may be fraught with the fear of another loss. This anxiety is multiplied when the diagnosis
remains unexplained.
The second edition of this book will be welcomed by many investigators and clinicians working in
the field of recurrent pregnancy loss. As in the first edition, there are chapters governing basic scientific
topics such as genetics, cytokines, mechanisms of action of antiphospholipid antibodies, and signaling
between mother and fetus. The major advances in genetics, immunology, endocrinology, and thrombotic
mechanisms have been described in depth. The methodology of clinical research and the application of
evidence-based medicine to clinical practice have been explained comprehensively. The problems of
mid-trimester loss and late obstetric complications are aired, including the problems associated with
extreme prematurity and possible resulting handicaps. However, as is inevitable in clinical practice, there
are many controversies, leaving the clinician in a quandary as to how to help the patient. The debates and
opinion chapters have been thoroughly updated, but are still as debatable as they were in the first edition
of this book. There is a new chapter on Chinese medicine (Chapter 41), and the underlying scientific
evidence which is most thought-provoking and fascinating.
However, at the end of the line is a patient. Therefore the chapter on psychological mechanisms and the
connection between psychological mechanisms, the immune and other systems is welcome. The story
told by the patient in Chapter 42 is most touching, and reminds us of the real problem at hand.
It is hoped that this book will be read by specialists working in recurrent pregnancy loss clinics, and
associated disciplines, who wish to keep up to date, and generalists who wish to gain a comprehensive
view of developments in the field. It is to be hoped that the advances in scientific and clinical knowledge
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Foreword

will continue as in the past, in order to improve the management of the patients and allow those still
unable to have children, to fulfill this most basic of human desires.
Prof. Bruno Lunenfeld, MD PhD FRCOG FACOG (hon) POGS (hon)
Professor Emeritus at Faculty of Life Sciences Bar-Ilan University, President of the International
Society for the Study of the Aging Male (ISSAM), General Secretary of the Asian-Pacific Initiative
on Reproductive Endocrinology (ASPIRE), Member of the Israel government’s National Council for
Obstetrics, Genetics and Neonatology

Preface to the Second Edition
Although seven years have passed since the first edition of this book,
recurrent pregnancy loss remains a distressing problem to couples,
who understandably expect answers and solutions, and frustrating for
the physician who often does not have these answers, particularly in
the face of ever-changing and conflicting recommendations by guidelines from leading professional organizations. In the last seven years,
there have been major advances in genetics, immunology, endocrinology, and other disciplines. However, recurrent pregnancy loss remains
a vexing clinical problem as the cause often remains unexplained.
Many treatment options remain controversial. In the first edition of
the book, there were a number of debates on the place of various treatment options. It was hoped that by the time of the second edition,
there would be no need for debates, and that the issues would have
become clear by well-planned trials and that solid evidence would be
available. Alas, this is not the case, and the debates remain as relevant
as ever. This book tries to summarize the controversies, and discuss
the scientific basis for various causes of pregnancy loss in depth, and
to clarify the various treatment modalities which have been used in recent years, in the light of the major
changes which have occurred over the last seven years
The book is planned for general gynecologists, and specialists working in the field. Each contributing
author is an authority on a specific area of recurrent pregnancy loss. In the second edition, the chapters
on genetics, the role of PGS, have been completely rewritten. There are new chapters on autoimmunity,
third party reproduction, the use of immunostimulants such as CSF, and Chinese medicine. The chapter
on second trimester loss has been modified to include the use of pessaries. All of the other chapters have
undergone major revision to include the changes that have occurred over the last seven years.
I would like to thank each author for the time and effort taken in preparing the manuscripts to make
publication of this book possible. I would also like to thank those responsible in a more indirect way for
the publication of this book: my teachers over the years, and my collaborators. However, special recognition goes to the greatest teachers and collaborators of all, the patients.
Prof. Howard J. A. Carp, MB BS FRCOG
Clinical Professor, Obstetrics and Gynecology, Sheba Medical Center, Tel Hashomer, Israel and
Sackler School of Medicine, Tel Aviv University, Israel
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1
The Epidemiology of Recurrent Pregnancy Loss
Ole B. Christiansen

Introduction
Epidemiology can be defined as “the scientific study of disease frequency, determinants of disease, and
the distribution of disease in a population.” The determinants of disease considered in epidemiological studies are normally demographic parameters (age, sex, occupation, economic status) in addition
to some clinical parameters relevant for the specific disease (e.g., tobacco and alcohol consumption,
reproductive and family history)—all information that can be obtained through registers and questionnaires—whereas parameters requiring special interventions such as blood samples are normally not
included in purely epidemiological studies.

Definition of Miscarriage and Recurrent Pregnancy Loss
The term miscarriage (or abortion) is used to describe a pregnancy that fails to progress, resulting in
death and expulsion of the embryo or fetus. The generally accepted definition stipulates that the fetus
or embryo should weigh 500 g or less, a stage that corresponds to a gestational age of up to 20 weeks
(World Health Organization).1 Unfortunately, this definition is not used consistently, and pregnancy
losses at higher gestational ages are also, in some studies, classified as miscarriage instead of stillbirth
or preterm neonatal death. Thus, from a definition perspective, it is important to characterize the population being studied so that comparisons across therapeutic trials can be made more appropriately and
reliably.
Recurrent miscarriage should, according to the aforementioned definition of miscarriage, be defined
as at least three consecutive miscarriages, whereas recurrent pregnancy loss (RPL) could also include
pregnancy losses up to gestational week 28; however, unfortunately there is no consensus on the definition of recurrent miscarriage or RPL.2 Pregnancy losses after week 20 are rare, so defining recurrent
miscarriage and RPL as above will result in almost identical populations.
In some countries and according to some national guidelines only two miscarriages are required for
diagnosis of RPL. More and more published studies of RPL therefore include women with only two
previous miscarriages, which from an epidemiological point of view is very problematic. This issue will
be discussed later.

Epidemiological Parameters Relevant for Recurrent Pregnancy Loss
Occurrence
Using the traditional definition, the incidence of RPL is the number of new women each year (or in
another defined period) suffering their third consecutive pregnancy loss, and the prevalence of RPL is
the number of women in a population who, at a specific time point, have had three or more consecutive
pregnancy losses. The incidence/prevalence is often expressed as a rate of those individuals being at
risk for the disorder. The number in the denominator could be all women in the population, women of
fertile age or women who had attempted pregnancy at least two or three times. Indeed, the estimate
1
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of the incidence/prevalence of RPL is very uncertain since in most countries there is no nationwide
registration of miscarriages or RPL, and many early miscarriages will not be treated in hospitals and
are thus not registered. There is no valid estimate of the incidence of RPL whereas there are a few
estimates of the prevalence rate of RPL. One of the most informative studies of the prevalence rate
of RPL was performed by Alberman,3 who asked female doctors to report retrospectively about the
outcome of their previous pregnancies. Nine out of 742 + 355 women (0.8%) who had had three or four
previous pregnancies reported three or more consecutive pregnancy losses. This study must still be
considered the best estimate of the prevalence of RPL since the cohort was restricted to women who
had attempted pregnancy at least three times, and because it consisted of doctors it is expected that
misclassification of delayed menstruations, induced abortions, and ectopic pregnancies as miscarriages
will be small. However, since the study is from before 1980 many early miscarriages may not have
been registered due to lack of highly sensitive human chorionic gonadotropin tests and ultrasound
examinations at that time. Furthermore, female doctors may not reflect the background population: on
one side they may be healthier than other women, which may lower the miscarriage risk, but on the
other side, due to their long education they are older than average when attempting pregnancy, which
increases the miscarriage risk.
Other estimates of the population prevalence of RPL are roughly in accordance with that of Alberman.
An RPL prevalence of 2.3% was found in 432 randomly identified women in a multicenter study.4 In
a group of 5901 Norwegian women with at least two pregnancies screened for toxoplasma antibodies,
1.4% had experienced RPL.5 Data from a Danish questionnaire-based study6 found, in a random sample
of 493 women with at least two intrauterine pregnancies, that 0.6% had had at least three consecutive
miscarriages, 0.8% at least three consecutive pregnancy losses during all trimesters, and 1.8% had had
at least three, not necessarily consecutive, losses some time during pregnancy. Overall, these studies
thus find the prevalence of RPL to be between 0.6% and 2.3%.

Number of Previous Miscarriages
Almost all prospective studies of RPL patients show remarkable consistency in finding an increasing risk of miscarriage as the number of previous miscarriages increases. The chance of subsequent
live birth in untreated RPL patients with three, four, and five or more miscarriages has been found
to be 42–86%, 41–72%, and 23–51%, respectively (Figure 1.1).7−10 The significant variability in the
estimate of the subsequent risk of miscarriage in RPL patients can probably be attributed to the time
of ascertainment of the pregnancies (Figure 1.2) since the average age of the patients and the duration
of follow-up in the various studies were not different. The information in Figure 1.2 is based on data
directly given in the publications8,10,11 or data that can unequivocally be deduced from the publications.
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FIGURE 1.1 Subsequent birth rate according to the number of previous miscarriages in patients with recurrent pregnancy loss. Reported in four studies.

3

The Epidemiology of Recurrent Pregnancy Loss
Not pregnant
60
50

N = 45

Births

N = 153

N = 34

*

**
Clinical

40
%

Miscarriages

*

30

**

10
0

**
Jablonowska
et al. [11]

Quenby and
Farquharson [8]

*

Preclinical

20

Christiansen
et al. [10]

FIGURE 1.2 Incidence of subsequent live births and miscarriages. Frequency of women registered as not being pregnant, miscarrying or giving birth in three prospective cohorts of untreated patients with recurrent pregnancy loss. In Ref.
10 the proportion of miscarriages being preclinical and clinical is indicated. All miscarriages, except one in Ref. 11, and
all in Ref. 8 were clinical. *p = 0.001; **p < 0.0001, χ2 test.

In studies where the patients are urged to contact the department for inclusion in a treatment trial as
soon as menstruation is 2–3 days overdue and the highly sensitive pregnancy test positive10 almost all
preclinical loss (including biochemical pregnancies) are identified and the patients will be registered as
having a high fetal loss rate (47.1%) but a low nonpregnancy rate (14.7%) during the observation period.
In studies where the patients are told to call the department in gestational week 6–7 and are included
in treatment trials11 or cohorts receiving standard care8 only after ultrasonographic demonstration of
fetal heart action most preclinical miscarriages are not ascertained and therefore significantly higher
nonpregnancy rates (38.3–55.6%) and significantly lower miscarriage rates (11.1–14.4%) are registered
compared with the former study (Figure 1.2). The subsequent probability of live birth in RPL can best
be estimated using data from the placebo arm of studies in RPL (Refs. 10 and 11 in Figure 1.2) because
in placebo-controlled trials the ascertainment of pregnancies is generally better than in nonrandomized studies since the patients are included according to a strict protocol and are more closely monitored in early pregnancy. More very early pregnancy losses are thus included in placebo-controlled
trials and the live birth rate in the placebo-arm is expected to be lower than in nonrandomized studies.
In accordance with this, Carp et al.12 showed that the live birth rate among untreated patients in randomized studies was 15–20% lower than that of nonrandomized patients independently of the number
of previous miscarriages.
The prognostical negative effect of the number of previous miscarriages could, in theory, be attributed to the fact that maternal age and the presence of age-related risk factors for miscarriages are positively correlated to gravidity. However, in multivariate analyses of clinical and paraclinical parameters
of potentially prognostical impact in RPL, the number of previous miscarriages has without exception
remained the strongest prognostical parameter also after adjustment for other risk factors.7,13,14
Instead of focusing on outcome of the first pregnancy after referral, a more reliable and clinically
relevant way to estimate the prognosis after RPL may be to obtain information about the frequency of
live birth per time unit after referral. From the Danish national birth register we obtained information
about all subsequent live births happening in patients seen in our clinic. We found that five years after
being referred to the clinic, 67% of the patients had got a living child.15 The most important epidemiological determinants for live birth using this method were the number of previous miscarriages and
maternal age.

Maternal Age
The age of women with RPL will influence the findings in studies of endocrinological and nongenetic
immunological biomarkers. With progressing age the ovarian reserve will diminish and, both during
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FIGURE 1.3 Subsequent birth rate according to maternal age in patients with recurrent pregnancy loss reported in two
studies.

pregnancy and in the nonpregnant state, secretion of ovarian steroid hormones will be reduced. Immune
parameters such as production of autoantibodies and T helper 2 cytokines are affected both directly by
increased maternal age but also indirectly through diminished secretion of ovarian steroids.16
It is well-known that the risk of miscarriages increases with progressing maternal age in the general population.15,17 However, in a register-based study of 634,272 Danish women achieving pregnancy
between 1978 and 1992 who came into contact with a hospital during the pregnancy,17 the miscarriage
rates in women with RPL were almost identical in women of age 31–35 years and 36–39 years (38–40%)
but increased to 70% in women of age 40–44 (Figure 1.3). It seems that the impact of age on miscarriage rate in RPL is quite modest until age 40, but beyond this age it is the strongest prognostical factor.
In concordance with this several multivariate analyses7,13,14 of prognostical variables for live birth in
RPL patients (almost all of whom were younger than 40), found that maternal age was not a significant
predictor of miscarriage after adjustment for other relevant independent variables. In the previously
mentioned study of the long-term chance of live birth in RPL,15 the live birth rate after five years ranged
from 68% in women aged 30–34 years to 58% in women aged 35–39 years to 42% in women aged ≥40
years at the time of referral.

Subgroups of Recurrent Pregnancy Loss
The pregnancy history in women with RPL may include pregnancies that have ended in live birth. Thus,
three different groups can be identified that should be assessed separately: (a) the primary RPL group
consists of women with three or more consecutive pregnancy losses with no pregnancy progressing
beyond 20 weeks’ gestation; (b) the secondary RPL group consists of women who have had three or
more pregnancy losses following a pregnancy that progressed beyond 20 weeks’ gestation, which may
have ended in live birth (most often), stillbirth or neonatal death; and (c) the tertiary RPL group, which
is a group that has not been well characterized or studied and consists of women who have had several
pregnancy losses before a pregnancy that progressed beyond 20 weeks’ gestation followed by at least
three more pregnancy losses.12 In some studies, secondary RPL is defined as RPL after a live birth or
a pregnancy that progressed beyond gestational week 2812,18; however, in this survey the definition in
point (b) will be adopted.
Unfortunately, in many studies no separation of patients with primary and secondary RPL is made,
which may indicate that the authors consider the two disorders as identical entities.
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If primary and secondary RPL have different pathophysiological backgrounds we would expect different prognoses for the two conditions. Summarizing the placebo-treated patients included in our three
placebo-controlled trials of immunotherapy10,19 shows that the live birth rate in the first pregnancy was
17/35 = 48.6% in women with primary RPL compared with 11/34 = 32.4% in women with secondary
RPL (not significantly different) with similar number of previous miscarriages and age. Other studies
have reported success rates8,9 in the two subsets that are not different, which must be considered the
commonly accepted view, but more studies are needed.
Since patients with secondary RPL have carried a pregnancy to at least gestational week 20 they have
been exposed to much higher quantities of fetal antigens derived from the placenta or from cells passing the placenta than patients with primary RPL. It has been estimated that in the third trimester several grams of syncytiotrophoblast debris are shed into the maternal circulation each day,20 which often
results in long lasting alloimmunization against paternal antigens.21 The patients with secondary RPL
have therefore been challenged to alloimmunization much more often than primary RPL patients and
this is reflected in a higher frequency of alloantibodies (e.g., human leukocyte antigen (HLA) antibodies and antibodies against male-specific minor HY antigens) in the former.22,23 Furthermore, fetal cells
can survive for decades in the woman after a birth24 and this feto–maternal microchimerism may play
a role in inducing immunological tolerance to fetal antigens that may reduce immunological rejection
of subsequent pregnancies.
In the secondary RPL group the sex of the firstborn seems to impact the prognosis which also emphasizes the belief that alloimmunization plays a role in the pathogenesis in this patient subset. In a study of
a cohort of 305 patients with secondary RPL followed from 1986 to 2005,25 the chance of giving birth
to a child in the first pregnancy after a series of miscarriages was 23% lower in patients with a male
compared with those with a female firstborn (p < 0.001). After adjustment for age, number of miscarriages and treatment the odds ratio (OR) for live birth in patients with a male firstborn was 0.37 (95%
CI 0.2–0.7) compared with those with a female firstborn. The previous birth of a boy is therefore a
strong prognostical negative factor in these patients, especially in patients carrying HLA class II alleles
restricting immunity against male-specific minor HY antigens.26
RPL patients with second trimester losses also constitute a subset with particular characteristics.
Drakeley et al.27 found that 25% of their RPL patients had had at least one second trimester loss. Among
228 RPL patients admitted to our clinic from 2000 to 2004, 39 (17.1%) had experienced a mixture of
first and second trimester miscarriages but only three had suffered exclusively second trimester losses.
Since almost all patients with second trimester miscarriages had experienced at least one first trimester
miscarriage, early and late RPL probably must have pathogenetic factors that are partially overlapping,
but the observation that the overwhelming majority of patients only suffer first trimester miscarriages
suggests that some pathogenetic factors are specific for those with early miscarriages. Several prospective studies indicate that a history of one or more second trimester pregnancy losses display a strong
negative prognostical impact,28,29 which also suggests that some pathogenetic factors are specific for
patients with late losses.

Familial Aggregation
Quite a few studies have investigated the occurrence of RPL and sporadic miscarriage in families of
women with RPL with normal parental karyotypes.30−34 Results from relevant published studies are
shown in Table 1.1. Alexander et al.31 and Ho et al.32 found significantly increased RPL rates in firstdegree relatives of RPL women whereas Christiansen et al.33 only found the RPL frequency significantly increased in sisters of RPL probands. Kolte et al.34 in a questionnaire-based study where all
stated miscarriages were confirmed from hospital records found a clinical miscarriage rate of 25.3% per
pregnancy in siblings of RPL women, which is significantly higher (p < 0.001) than the rate of 13.1% in
the background population.
Overall the risk of RPL in sisters of RPL women seems to be increased by a factor of seven and the
risk of sporadic miscarriage by a factor of two compared with the background population. The relative
frequency λ (the frequency of RPL in relatives divided by the frequency in the general population) is a
measure of the degree of heritability of a disorder; the higher the value of λ, the higher is the genetic

6

Recurrent Pregnancy Loss

TABLE 1.1
Studies of Occurrence of Recurrent Pregnancy Loss (RPL) in Relatives of Women with RPL
Reference and Kind
of Relatives Studied
Johnson et al.30
Blood relatives
Alexander et al.31
Mothers and sisters
Ho et al.32
First degree relatives
Christiansen et al.33
Sisters
Brothers’ wives

RPL Rate in Relatives
(%)

RPL Rate in Controls
(%)

12.2

7.3

7.0

0.0

0.02

1.4

0.2

0.0001

10.6
6.3

1.8
1.8

0.00005
NS

p-value

NS: Not significant.

component.35 λ for RPL is seven among sisters of RPL patients which points towards a moderate degree
of heritability suggesting a substantial genetic contribution to the pathogenesis of RPL. However, a
genetic linkage analysis was not able to find linkage to any major gene, suggesting that most RPL cases
are probably caused by several genetic polymorphisms, each contributing only modestly to the total
RPL risk (multifactorial inheritance).34 This fits with the finding that several genetic polymorphisms, for
example, HLA-DR3, the 14 base pair insertion in exon 8 of the HLA-G gene, genotypes associated with
low plasma levels of mannose-binding lectin and heterozygocity for the factor II and factor V Leiden,
have been reported to be associated with RPL with ORs between 1.3 and 2.7 compared with controls.36

Partner Specificity
In RPL research it has often been assumed that RPL is a partner-specific condition and a criterion that
all pregnancies should be with the same partner has been included in the definition of RPL by some
authors. The classic example of assumed partner-specificity is the theory of increased HLA sharing
between spouses as a cause of RPL. It was suggested that due to a high HLA compatibility between
spouses of RPL couples, the women failed to produce HLA antibodies and other so called blocking
antibodies to the fetus that therefore became immunologically rejected.37
A prerequisite for this theory is that the woman will only experience RPL in a particular partnership but no epidemiological study has ever documented this. Indeed, in patients with secondary RPL,
a logistic regression analysis of variables of importance for outcome in the first pregnancy after referral showed that a change of partner during the series of miscarriages was associated with an OR of
0.66 (95% confidence limits 0.3–1.3) for a succeeding live birth.25 Although not statistically significant
there was a tendency that a change of partner worsened rather than improved the prognosis for a live
birth, which does not support the concept that RPL is partner-specific. The aforementioned HLA sharing theory was therefore without any epidemiological foundation and later studies of HLA sharing
between spouses of RPL couples were not able to confirm the theory.38,39 The observation that there is
a clear familial predisposition to RPL at least in females (Table 1.1) also argues against RPL as being
partner-specific.

Recurrent Pregnancy Loss and Associations with Obstetric and Perinatal Outcome
Numerous studies have reported that women with RPL exhibit an increased risk of obstetrical and
perinatal complications in ongoing pregnancies both before and after having experienced a series of
miscarriages and the women themselves also seem to have been born with a significantly reduced birthweight.40 The association between RPL and obstetrical complications are fully described in Chapter
37. I think that the existence of these associations supports the theory that factors impairing placental
growth play a role in both conditions.
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Lifestyle Factors
Lifestyle factors rarely, if ever, are major causes of RPL; however, epidemiological studies have given
evidence that a series of lifestyle factors can increase the risk of miscarriage. There is good evidence
that obesity,41,42 high daily caffeine intake,43−45 alcohol consumption,46 use of nonsteroidal anti-inflammatory drugs,47,48 and too much high impact physical exercise49 increase the risk of miscarriage significantly. Social class and occupation also impact the rate of miscarriage, with the greatest risk among
women exposed to high physical or psychical stress during work.50,51 Several studies now also indicate that a previous subfertility/infertility diagnosis or infertility treatment may increase the risk of
miscarriage.14,52

Integration of the Epidemiological Knowledge in Research
and Management of Recurrent Pregnancy Loss
Now that I have reviewed a series of epidemiological parameters that relate to the classification, appearance, and prognosis of RPL, I will discuss how knowledge about the influence of these parameters may
help us in the understanding of the background of and assist in doing research in causes and treatments
of RPL.

Occurrence
Estimating the prevalence rate of RPL in a valid and reproducible way has several applications: it can be
used for comparing risks of RPL between different populations or in subgroups within the same population and it can be used for comparing changes in risk over time—a knowledge that is necessary for
identifying, for example, environmental and lifestyle-related risk factors. Furthermore, the observation
that the RPL prevalence in the population is >1% indicates that RPL in most cases is not a random event
but rather a disorder affecting women who have an increased risk of pregnancy loss. In theory, a woman
could get the diagnosis RPL because she by chance had experienced three consecutive pregnancy losses
caused by the same factors causing “sporadic” miscarriages, especially fetal chromosome abnormalities. However, if all RPL cases were caused by a random accumulation of “sporadic” miscarriages, the
prevalence of RPL would be 0.143 = 0.27% (based on a frequency of sporadic miscarriage of 14% in the
population) rather than 1%.6 The observed prevalence thus indicates that at least three out of four RPL
cases are caused by nonrandom factors: factors carried by the couples increasing the risk of miscarriage
in each pregnancy.

Number of Previous Miscarriages
It is clear from the knowledge that the number of previous miscarriages is the most important prognostical factor in RPL that this parameter has to be taken into account when planning trials testing interventions and therapies, especially trials comparing different groups. The ideal randomized controlled
trial should stratify for the number of previous miscarriages, with randomization undertaken between
control and experimental treatments within each stratum. To date, such a study has not been undertaken.
It is quite likely that by stratifying the sample by the number of previous miscarriages, the effect of the
experimental intervention will become more easy to demonstrate in those women with higher numbers
of previous miscarriages than in those with fewer previous miscarriages because the spontaneous success rate is so much lower in the former group.12,53
Unfortunately, in many RPL studies patients with only two previous miscarriages are included.
Experiencing only two miscarriages may in many cases be a chance phenomenon caused by de novo
fetal chromosomal abnormalities (in particular autosomal trisomies) rather than a recurrent maternal
factor. Cytogenetic evaluations of specimens of sporadic abortions have revealed an overall incidence
of chromosomal abnormalities of 43%.54 Thus, in theory, in 0.43 × 0.43 = 18.5% of all women with two
consecutive miscarriages, the cause is the occurrence of two chromosomally abnormal conceptions.
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Including women with only two early miscarriages in a study will in most cases “dilute” the estimate
of the risk factor (in case-control and cohort studies) or the treatment effect in randomized controlled
trials. The proportion of RPL patients in whom the disorder can be explained by a random accumulation of “sporadic” miscarriages will be expected to decline and, conversely, the proportion of cases
which can be explained by a factor increasing the risk of miscarriage of euploid embryos will be
expected to increase with the number of previous miscarriages.55 This is supported by findings that
the frequency of many immunological risk factors increases,56−58 the possible effect of immunotherapy
increases,12,53 and the frequency of chromosomally abnormal abortuses declines59 with the number of
previous pregnancy losses.

Maternal Age
Since many endocrine and nongenetic immunological and thrombophilic biomarkers change with
increasing age, there should be tight age-matching of patients with RPL in both case-control studies
and treatment trials. Because progressing maternal age increases the subsequent miscarriage rate, stratification for age should be undertaken in therapeutic trials. However, in RPL age seems only to display
a significant impact on pregnancy outcome after age 4015,17 (Figure 1.3) so it may be sufficient to undertake stratification or adjustment in multivariate analyses according to age below and above 40 years.

Subgroups of Recurrent Pregnancy Loss
The presence of specific thrombophilic and immunological biomarkers may predispose to specific
reproductive histories, for example RPL with or without a previous birth, and on the other hand previous
reproductive history, for example a previous birth, may display a long-term effect on immune biomarkers as previously discussed.
Secondary and primary RPL and RPL with first and second trimester losses may have different
pathogenetic backgrounds, and therefore the frequency of recognized risk factors for RPL and the efficacy of treatments may differ between the groups. Indeed a series of studies have provided data suggesting that such differences exist (Table 1.2).
The factor V Leiden mutation is the commonest cause of activated protein C (APC) resistance, which
is a risk factor for thrombosis and is probably also associated with RPL.60 Wramsby et al.61 found it
significantly associated only with primary and not secondary RPL and others have also reported much
higher prevalence of this polymorphism in primary than secondary RM.62,63 Rai et al.64 found that APC
resistance was significantly associated with the absence of a previous live birth among patients with

TABLE 1.2
The Prevalence of Risk Factors or Effect of Treatments in Patients with Primary and Secondary Recurrent
Pregnancy Loss (RPL) and RPL with Second Trimester Losses (Late RPL)
Factor to Evaluate
Parental chromosome abnormality
Antipaternal antibodies
Antiphospholipid antibodies
Heriditary thrombophilia factors
NK cell activity
HLA-DR3
MBL deficiency
Allogeneic lymphocyte immunization
Treatment with i.v. immunoglobulin
N/A: Cannot be estimated.

Prevalence/Effect in Secondary
versus Primary RPL

Prevalence/Effect in Late versus
Early Primary RPL

Equal
Higher
Lower or equal
Lower
Lower
Higher
N/A
Lower
Higher

N/A
Higher
Higher
Higher
N/A
N/A
Higher
N/A
N/A

The Epidemiology of Recurrent Pregnancy Loss

9

RPL. In a study of three congenital thrombophilic factors (including the factor V Leiden mutation),
25.5% with primary RPL compared with 15.1% of those with secondary RPL were positive for at least
one factor.65 The literature thus points towards a lower prevalence of factor V Leiden/APC resistance
and probably other thrombophilic factors in secondary compared to primary RPL patients. Most studies
also point towards a higher prevalence of thrombophilic factors, especially the factor V Leiden mutation
in patients with second trimester miscarriages compared with those with only early losses.60,66
It is unclear whether the occurrence of parental chromosome abnormalities (mainly balanced translocations) is different between primary and secondary RPL. In a review67 of 79 relevant studies a slightly
higher incidence of aberrations (3.7%) was found in couples with RPL and one or more live births
compared with primary aborters (2.9%). Franssen et al.68 found that the frequency of parental chromosome abnormalities was not different between couples with RPL including a live birth and RPL couples
without a previous birth. The frequency of parental chromosome anomalies thus seems to be almost
similar in primary and secondary RPL.
A series of immunological parameters have been described as being important for RPL and they are
also expected to display a different distribution between the subgroups of RPL patients if the pathogenetic backgrounds are different. Research in immunological factors in RPL has concentrated on
alloantibodies, autoantibodies, natural killer (NK) cells, complement regulating factors such as mannose-binding lectin and HLA antigens.
As previously mentioned, there is much evidence that the maternal immune system recognizes and
reacts to the trophoblast and fetus in an ongoing pregnancy: alloantibodies directed against paternal/
fetal HLA antigens are produced with increased gestation69 due to traffic of fetal cells into the mother’s
circulation in the third trimester and at delivery. Anti-HLA and other alloantibodies often persist
for years and can therefore be found more often in women with secondary compared with primary
RPL.22,23
Most autoantibodies can be found with increased prevalence in patients with RPL and their presence
is associated with a poor pregnancy prognosis13; however, few studies of autoantibodies in RPL have
differentiated between primary and secondary RPL. In patients with primary RPL, the prevalence of
positive anticardiolipin or antinuclear antibody concentrations has been reported to be higher than in
those with secondary RPL.13,70,71 None of the individual differences were statistically significant but the
clear trend emphasizes the importance that future studies of autoantibodies in RPL distinguish between
primary and secondary RPL. There is, however, consensus that antiphospholipid (aPL) antibodies display a stronger association with late miscarriages than with early RPL,66 a fact which is integrated in the
definition of the antiphospholipid syndrome:72 the aPL syndrome is considered to be present in an aPL
positive patient with a history of one or more fetal deaths beyond 10 weeks.
NK cell cytotoxicity, an important factor in the innate immune defence, has been reported to be predictive for a poor prognosis in patients with RPL.73 Only one study has differentiated between primary
and secondary RPL18 finding that the NK cell activity in peripheral blood was significantly increased in
women with primary but not secondary RPL compared with controls.
Deficiency of the plasma protein mannose-binding lectin is determined by genetic polymorphisms
on chromosome no. 10. Several studies have reported that mannose-binding deficiency is found more
often in RPL patients than controls57 but the association with pregnancy losses in late pregnancy
is much stronger. Genotypes associated with deficiency of mannose-binding lectin were found in
36.8% of women with recurrent late intrauterine fetal losses but only in 12.5% of control women
(p = 0.001).74
Class II HLA alleles are associated with most immunological disorders. In the largest published
case-control study of HLA-DR alleles in patients with RPL58 the immunological high-responder allele
HLA-DR3 was found significantly more often in the total patient group than in controls (OR 1.4,
p < 0.02). However, among the 250 patients with secondary RM, the frequency of the HLA-DR3 phenotype was 32.4% compared with 21.0% in controls (p < 0.006). In patients with primary RPL the frequency of the HLA-DR3 phenotype was 21.8%, which was clearly similar to that of controls. It is thus
clear that HLA-DR3 is only associated with secondary RM but not with primary RM.
The finding that increased NK cytotoxicity is associated with primary RPL indicates that excessive
innate immunity may be associated with primary RPL. However, the association between particular
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HLA class II alleles and secondary RPL26,58 and the evidence that immunization against male-specific
HY-antigens plays a role in secondary RPL23 point toward a role for adaptive immunity in secondary
RPL since recognition of alloantigens by T lymphocytes restricted by specific HLA class II molecules
and alloantibody production are characteristics of the adaptive immune system.

Familial Aggregation
As discussed previously, family studies (Table 1.1) found that the RPL prevalence in siblings of RPL
probands was in accordance with a multifactorial model for inheritance of RPL. In internal medicine
and other disciplines the development of many common diseases (e.g., arterial hypertension, diabetes
mellitus, schizophrenia) are thought to be determined by a multifactorial threshold model. One risk factor is not sufficient to cause disease but when several intrinsic and extrinsic factors come together in the
same individual (or couple) the risk exceeds a threshold level and disease develops. Research in recent
years has identified a series of new factors of importance for RPL. So many risk factors have now been
identified that it is very common to find several of them in the same patient. Thrombophilic risk factors seem to aggregate significantly more frequently than expected in RPL patients and the presence of
several factors in the same patients affects the prognosis negatively.75,76 Traditionally, the causes of RPL
have been divided into single sufficient factors as slices of a pie: uterine malformations 10%, endocrine
factors 10%, aPL 15%, and so on, which together with the unexplained group end up to be 100%. This
model is probably not adequate due to aforementioned arguments. I therefore encourage scientists and
clinicians working in the area of RPL to think in the threshold rather than the pie model.77 The clinical
implication is that in principle an RPL patient should be screened for all potential risk factors and the
investigation should not, for economical or other reasons, stop as soon as the first risk factor has been
identified. The recognition that RPL exhibits a high degree of heritability paves the way for the identification of susceptibility genes for RPL through the performance of genetic linkage analyses in families
with several siblings experiencing miscarriage34 or RPL but also genome-wide genetic screening of RPL
patients and controls.78

Association with Obstetric and Perinatal Complications
Women with a history of RPL exhibit a significantly increased risk of late pregnancy complications.
Hence all RPL patients should be offered increased surveillance in late pregnancy (e.g., repeated ultrasound examinations) to decrease perinatal mortality and morbidity. A series of factors associated with
RPL—aPL, thrombophilia factors and mannose-binding lectin-deficiency—have also been associated
with low birthweight57,66 stressing the hypothesis that many cases of RPL are caused by maternal factors impairing trophoblast proliferation and growth. Since RPL per se seems to be associated with
low birthweight, prospective studies of the effect of the mentioned factors on perinatal complications
should be adjusted for the confounding effect of the number and type (mid-trimester losses) of previous
miscarriages.

Lifestyle Factors
As mentioned above, a number of lifestyle factors—including obesity, occupation, alcohol and caffeine
consumption, and subfertility—are important for the risk of miscarriage. RPL is a complex disorder
where lifestyle factors are expected to modify the effect of nonlifestyle (intrinsic) factors previously
discussed. The prevalence of the most important lifestyle factors among patients and controls should
be given in publications in order to document that the groups studied for the occurrence of nonlifestyle
risk factors or pregnancy outcome are comparable. Since it is likely that smoking aggravates the effect
of thrombophilic risk factors on risk of pregnancy loss, details about smoking habits should therefore obviously be reported in all studies of RPL and thrombophilia reporting pregnancy outcomes.
Another example illustrating the importance of adjusting for lifestyle factors is polycystic ovary syndrome (PCOS) and RPL. It is generally recognized that women with PCOS exhibit an increased rate
of miscarriage and RPL. However, when adjustment for obesity is undertaken in multivariate analyses,
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the miscarriage rate in PCOS is not dependent on polycystic ovarian pathology or PCOS-associated
endocrine abnormalities.79

Conclusions
In all medical science, epidemiological studies can provide knowledge that is indispensable when basic
laboratory research, case-control studies or controlled treatment trials are planned and carried out.
This is also true when we are dealing with RPL: however, it seems that epidemiological knowledge
is integrated only to a very limited degree in the current clinical research and management of RPL.
Knowledge of the epidemiology of RPL can be helpful in the understanding of causes of RPL and can
be helpful when research studies on the topic are designed.

Implications for Understanding of Recurrent Pregnancy Loss
Studies of the epidemiology of RPL provide information that is indispensable for the generation of
rational hypotheses of the pathogenesis of the syndrome. Knowledge about the prevalence of RPL and
indicators for the prognosis makes us believe that the majority of RPL cases are not due to a random accumulation of “sporadic” aneuploid miscarriages but that many patients carry risk factors that
increase the risk of miscarriage of euploid embryos.
The few studies addressing the question of partner-specificity in RPL have not documented that
the condition in general is partner-specific and the contribution from the male genome to the condition is therefore probably minor. However, numerous studies have found a familial aggregation of
miscarriage and RPL among first-degree relatives of RPL patients, especially sisters, which indicates
a significant degree of heritability in the women’s families. The pattern of inheritance is that of multifactorial inheritance which is in accordance with clinical evidence: several risk factors for RPL can
very often be found in a single patient, and an aggregation of risk factors aggravates the pregnancy
prognosis.
Numerous studies have unanimously reported that RPL is associated with a series of complications
in late pregnancy: increased risk of preterm birth and intrauterine growth retardation. It remains to
be clarified from multivariate analyses which clinical and paraclinical factors among RPL patients
determine the risks in late pregnancy. However, the correlation between late pregnancy and perinatal
complications suggests that factors impairing trophoblast growth in early and late pregnancy play an
important role in RPL.

Implications for Research in Recurrent Pregnancy Loss
Most nongenetic immunological and thrombophilic biomarkers are known to be affected by demographic and other epidemiological parameters in RPL patients and controls. Several epidemiological
parameters must therefore be matched or adjusted for in case-control and cohort studies involving measurement of these biomarkers.
The number of previous miscarriages is not only the strongest prognostical factor but with increased
numbers of previous miscarriages fetal aneuploidy seems to play a decreasing role and maternal factors
an increasing pathogenic role. Therefore stratification by the number of previous miscarriages is important both in association studies and treatment trials. Primary and secondary RPL, from an epidemiological point of view, also seem to be distinct entities and in many case-control and treatment studies
these two subgroups have indeed been found to behave quite differently (Table 1.2). Therefore analyses
in case-control studies should be made separately in the two subsets and in treatment trials outcome
should be adjusted for primary and secondary RPL status.
Estimates of the future miscarriage risk in RPL patients vary significantly between studies, mainly
due to different methods of ascertainment and monitoring—some studies have estimated the prognosis too optimistic because preclinical pregnancy losses have been classified as nonpregnancy. To
overcome this potential source of error, in future prospective cohort studies or treatment trials the
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baby-take-home rate per time unit should substitute the miscarriage rate per first subsequently registered pregnancy.
Lifestyle factors are currently rarely mentioned or are only reported very superficially in clinical
studies in RPL. Since lifestyle factors per se or through interactions with intrinsic factors can increase
the risk of miscarriage, the most important should be reported in more detail in future studies and
appropriate stratification be performed according to their presence or absence.
Finally, the recognition of the different natures and pathogenetic background of primary and secondary RPL and the different nature of RPL with few miscarriages as opposed to RPL with many
miscarriages should help eliminate the practice of combining data from too heterogeneous studies for
meta-analysis.
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Signaling between Embryo and Mother in Early
Pregnancy: Basis for Development of Tolerance
Eytan R. Barnea

The Hypothesis
Viviparity is the hallmark of mammalian gestation, where progeny remains within the mother’s body
throughout fetal development. Once recognized and accepted, the embryo receives nutrition and protection. Thus, immunological acceptance and tolerance are paramount to the successful interaction
between the embryo graft and its maternal host. Initial immunological awareness must take place
prior to implantation. The semipermeable zona pellucida forms rapidly postfertilization and protects
the embryo until it reaches the endometrium. The zona is surrounded by maternal immune cells, and
this unit transmits the message that fertilization has occurred. The main question is when and how the
embryo–maternal communication initiates and creates maternal recognition of pregnancy. This is the
main topic of this chapter. Further, we will focus on preimplantation factor (PIF), a peptide secreted
by viable embryos which plays an essential role in pregnancy promoting embryo development, uterine
priming, trophoblast invasion, and systemic immune regulation. This recognition starts prior to direct
embryo–maternal contact in the uterus. Finally, data generated using nonpregnant models of autoimmune disorders and transplantation also provide important insight into PIF’s possible role in pregnancy.

Early Observations: Embryo–Maternal Recognition
Initiates Prior to Implantation
In 1973, Beer and Billingham,1 while working on immunological recognition mechanisms in mammalian pregnancy, suggested that the maternal system is aware of the presence of the early embryo, and
actively responds to it. This was surprising considering the differences in genetic makeup of the mother
and fetus (semi- or total), and contrary to the prevailing opinion at that time, which considered that the
trophoblast was hypoantigenic, protecting it from cellular immunity. The same authors also suggested
that unique human leukocyte antigens (HLA) are presented to the maternal system, the responses to
which play a role in establishing and maintaining pregnancy. A decade later, it was suggested2 that local,
cell-based immunosuppressive and immunoprotective activity in the placenta was mediated by suppressor and other unknown cells. They further suggested that HLA sharing by parents leads to lack of
maternal recognition and is therefore the basis for rejection, that is, miscarriage.
Hansel and Hickey3 examined various compounds that might be involved in the maternal recognition of pregnancy, with an emphasis on domestic animals. They found several proteins, including the
embryo-derived platelet activating factor (PAF), a trophoblastic protein with an antiluteolytic effect.
Further progress regarding embryo–maternal recognition was provided by Weitlauf4 who reported that
embryo-conditioned media have a specific effect on the rat uterus compared with control media, or that
produced by deciduomata (a nonpregnant environment). This strongly implied the presence of communication between the embryo and the mother before implantation, but specific factors involved were not
identified.
Later studies have recognized that there are multiple types of placenta in mammals. The hemochorial placenta (found in the human and the mouse) is associated with intimate interaction, while in other
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species there is less invasiveness (such as the pig placenta which communicates with the endometrium
through the histiotroph). In addition, the secretory products of different types of placentae also differ,
human chorionic gonadotropin (hCG) in humans, prolactin in rodents,5 and so on.
Despite such diversity at implantation, there are features which are common to the development of all
mammals before implantation: egg and sperm fusion, progressive development of the fertilized embryo
up to the blastocyst stage. In a recent review Moffet and Loke6 concluded that pregnancy is not a classical acceptance/rejection phenomenon, and the specific compounds derived from the conceptus and the
receptors present on immune cells need to be identified to better understand the unique interaction in
pregnancy.

Rescue of the Corpus Luteum
Following ovulation, the corpus luteum (CL) is formed and secretes progesterone, which has a trophic
effect on the endometrium. A variety of signals can rescue the CL. These include hCG in humans, prolactin in rodents, and estrogen in pigs, indicating that the CL rescuing signals are species-specific. When
cow and mare uteruses are removed, PGF2α is not released and the CL persists long-term; therefore, the
presence of the conceptus actually prevents luteolysis.7 But the presence of an embryo is not necessary,
and hCG injections, for example, can prolong the lifespan of the CL only to a certain degree. This contrasts with the uterus, in which a viable embryo must be present in order for the endometrium to become
receptive. Thus, recognition of pregnancy and successful implantation takes place before the stage when
rescue of the CL occurs, strongly suggesting that there is no linkage between tolerance and the CL.

Genomic Elements in Maternal Recognition of Pregnancy
Recent data show that the embryo expresses its genome as early as the two-cell stage. Thus in the earliest stages of development the embryo becomes a partial or total “non-self” from the perspective of the
mother. Thus, development of the zona pellucida as a protection against maternal adversity becomes
necessary. It has recently been observed that there is a major downregulation of genes in the preimplantation embryo compared to the unfertilized egg.8 This downregulation may protect the embryo by
minimizing its vulnerability, and in a mostly anaerobic environment it may be advantageous to shut
down nonessential functions which are not necessary for survival. Additionally, the few genes that are
upregulated may have an important physiological role. Novel genes that are expressed very early may
lead to early maternal recognition of pregnancy.9

How Does Embryo Tolerance Develop?
The released mature egg reaches the ampular region and survives for only 12–24 hours unless it is fertilized. There is a one-in-three chance for fertilization to occur. Once the sperm penetrates the egg at fertilization, it becomes “invisible” to the maternal immune system. As expected, following egg/sperm fusion
there is no maternally induced immune rejection, for as long as the egg membrane does not change
its characteristics (expressing foreign antigens). Once foreign antigens are expressed, the fertilized egg
rapidly becomes surrounded by the zona pellucida, a hard and impenetrable shell that wards off maternal immune cells. Further immune protection is provided by maternal cumulus oophorus cells, which
further prevent direct access of maternal immune cells to the embryo. However, the cumulus cells persist
only for a few days after fertilization, as their primary role is to facilitate tubal transport of the embryo
towards the uterus. The cumulus has immune cells that secrete cytokines, and may serve as a first relay
system for propagating embryo-derived signaling.10 Indeed, it has been shown that within eight hours
after fertilization there is emargination of platelets from the peripheral blood in mice.11
Embryonic cell proliferation up to the eight-cell stage is rather orderly. The blastomeres are totipotential (i.e., each of them could develop into a complete embryo). This process lasts approximately three
days while the embryo travels within the fallopian tube. The speed of development is a good index to
evaluate embryonic health with respect to the likelihood of implantation.
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Lessons Learned from Assisted Reproductive Technology
The success in achieving healthy pregnancy and live birth using donor embryos in mammals and
cross-species embryo transfer efficacy are two procedures that support the view that the embryo is
self-driven. Pregnancy success, then, is dependent on effective embryo-driven signaling followed by
an appropriate maternal response. Upon fertilization, the embryo actively signals its presence to the
host/mother. Pinpointing exactly when the signals initiate and understanding their specific mechanisms
are currently under investigation.12,13 Certainly, the signaling must occur prior to the activation of the
embryo genome. While in natural conception the presence of the sperm and its immune-activated compounds is clearly apparent to the maternal organism, this is not relevant when assisted reproductive technology (ART) is used. Following embryo transfer, four to five days pass until implantation takes place,
indicating a lag between embryo presence and maternal acceptance. The delay suggests that this time is
required to establish tolerance and prime the endometrium, making it both receptive and accommodating for the incoming embryo. In non-ART reproduction there is a similar delay (five to seven days). In
both cases, the premise is that an embryo-driven signal makes the maternal organism responsive to the
presence of the embryo.
Moreover, experience with transfer of donor (genetically dissimilar) embryos has shown high implantation and pregnancy success rates, further implicating the role of the embryo in the recognition process.
Implantation can occur in sites outside the uterus, including the fallopian tube, ovary, or even (rarely) in
the abdominal cavity on the bowel. The occurrence of ectopic pregnancy strongly indicates that maternal recognition of pregnancy must be systemic, not only localized to the uterus. Therefore, they must
be exclusively embryo driven. However, the role of the endometrium in successful reproduction is still
relevant since most successful pregnancies are intrauterine.
Autocrine signaling within the embryo depends initially on the successful fusion of an egg and sperm
that are both chromosomally healthy. In both ART and non-ART settings, it is actually the sperm that
compels development. While maternally-derived compounds penetrate the zona pellucida, they have
limited access to the embryo itself and consequently only mildly impact the zygote.14 Thus, the embryo
emits more signals than it receives and the zona facilitates self-development and differentiation of the
embryoblast and trophoblast. The importance of embryo-derived autocrine signaling is demonstrated in
various experimental models utilizing culture media free of growth factors, where the embryo can selfperpetuate to easily reach an advanced blastocyst stage. Several culture models have been used to assess
the effect of various compounds on embryo development, identifying maternal factors that clearly play
a role in embryo growth and differentiation. Identification of maternal or nonembryo specific trophic
compounds is pursued. There are IGF receptors in the embryo and the ligands have trophic effects and
are modulated by embryonic IGFBP-3.15–21 The process of implantation is highly intricate, and when
embryo/maternal contact is direct, a myriad of compounds function in a coordinated manner.

Compounds Involved in Endometrial Priming
and Immune Tolerance Development
Regulatory T cells (Treg, CD4+/CD25+) increase prior to implantation, suggesting early embryo signaling which is not dependent on the presence of semen since it is also present post in vitro fertilization
(IVF). There is a protolerant embryo-driven (TH2) cytokine balance in pregnancy: increased IL4, IL5,
and IL10 is coupled with reduced TH1-type cytokines, such as IL2, interferon-γ (IFN-γ), and tumor
necrosis factor-α (TNF-α).3,22 However, excess TH1 cytokines are associated with reproductive failure.23
Activated NFκB cells cause a TH1-type response, whereas increased peripheral T lymphocytes express
progesterone receptors, and protect by releasing IL10 and TGFβ.24 Other nonpregnancy-specific compounds may also be involved: sex steroids, integrins, and IL1b that have no mRNA for receptors in the
embryo. Leukemia inhibiting factor and colony-stimulating factor which stimulate matrix metalloproteinase are also involved and inhibition of MUC-1 expression on the endometrial surface facilitates
implantation.25,26 Natural killer (NK) cells may also inhibit excessive trophoblast invasiveness by recognizing unusual fetal trophoblast major histocompatibility complex (MHC) ligands.23 However, none
of the above compounds are pregnancy-specific and therefore cannot be the prime signal for tolerance.
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Implantation failure is frequent, disrupting the delicate balance between the uterine epithelial lining
which becomes the decidua and the embryo. Endometrial adaptability to the incoming embryo has been
studied.27–31 Determining whether the endometrium acts as a sensor to weed out abnormal embryos, or
whether abnormal embryos fail to create the necessary signaling for effective implantation is of great
importance. New evidence suggests that the latter scenario may be more accurate. Also, it has been suggested that when two embryos are transferred one may support the other which may be of lower quality.
These data raise a dual view that both the endometrium and the embryo itself participate actively in the
success of the implantation process.
The endometrium can be hostile due to immune disruptors, such as high peripheral levels of NK
cells, altered hormonal priming, infection, and deficient integrin expression. The role of antiphospholipid antibodies, for example, in failed implantation is still being debated.32 The embryo can also fail
to implant due to deficient expression of adhesion molecules (MMPs) as well as the lack of secretory
and cellular elements that aid in the immune maternal recognition of pregnancy.33 In addition, some
embryos may only partially or temporarily implant, later dislodging into the fallopian tube leading to
chemical or ectopic pregnancy. Recent data show an imbalance toward stimulatory over inhibitory NK
cell receptors: CD158a and CD158b inhibitory receptor expression by CD56dim /CD16 + and CD56bright /
CD16− NK cells, decreased, while CD161-activating receptor expression by CD56 +/CD3+ NKT cells
increased in patients with implantation failures.34

Unique Phenomena Require Unique Signals
In order for a semi- or totally foreign embryo (or even a cross-species transfer) to implant and lead to successful progeny, unique embryo-derived signals must be present. However, immune tolerance is conditional, since rejection by the mother may take place at any moment until delivery. In order to emit such a
specific signal the embryo must be viable and the maternal system receptive. The signal has to be expressed
early in embryo development, potent, and has to have specific sites of action both on the maternal immune
system and the endometrium. The signal must also be universally mammalian, because the same early
phenomenon takes place in all mammals (and any diversity only occurs at the implantation phase).
What properties would such a signal have? It would modulate the maternal immune system without
suppressing it. This is essential because during pregnancy the mother is exposed to pathogens and her
ability to maintain an effective immune system to combat disease is necessary for survival, both for her
and the embryo. Therefore, the signal would allow maternal immunity to function unimpeded, allowing it to fight pathogens, while maintaining tolerance toward the embryo. Signal intensity should not be
excessive, impairing the maternal ability to reject defective embryos or seriously infected fetuses. The
signal would prime the endometrium making the uterine environment hospitable for the embryo. Finally,
as embryo–maternal interaction becomes intimate the dynamics change; complex events take place leading to maintenance of tolerance rather than the initiation, which is the topic of this chapter.
Evidence that the embryo may have an active role in immune recognition was suggested by studies
showing that embryo-conditioned media have immune-suppressive properties.35,36 However, the compounds responsible for this have not been fully characterized.
The main diagnostic marker for human pregnancy is hCG, but it does not reflect pregnancy viability, is
detected later in embryo culture media, and persists in the circulation long-term after pregnancy has ended,
greatly limiting its clinical use. hCG has an important role in the maintenance of the corpus luteum and,
following implantation, is involved in altering the biochemical indices and morphology of endometrial
cells, by acting on a specific binding site (CG/LH-R). A local immunological role has also been ascribed
to hCG.37 However, hCG is not pregnancy-specific, is unique to humans and, significantly, is also found in
various cancers. It appears that most hCG effects involve support of pregnancy at implantation and beyond.

Platelet Activating Factor
PAF is an acetylated phosphoglyceride expressed by the embryo in both humans and rodents. Its role is
mostly local within the fallopian tube aiding in the transfer of the embryo into the uterus.38 However, in
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other species other compounds play similar roles; for example, in horses, prostaglandin E is secreted by
the morula. PAF also has a trophic effect on the embryo.39 PAF is not pregnancy-specific and is present
in platelets, leukocytes, and endothelial cells. Therefore, it is clear that PAF could not be a unique signal
required for pregnancy tolerance.

Early Pregnancy Factor
Early pregnancy factor (EPF) has been identified as chaperonin 10, a 12 kDa protein. It can be detected
prior to implantation in the maternal circulation.40 EPF has been shown to influence immune effects
mediating the suppressive effect by binding T cells, NK cells, and monocytes. The receptor for EPF is
not a functional homologue of chaperonin 10.40 EPF activity in the serum is determined by decreased
rosette formation using a cumbersome bioassay. A similar activity in mare and cow serum is related to
a 26 kDa protein which is different from the chaperonin molecule.41 In addition, EPF is not pregnancyspecific; it is also present in several nonpregnant tissues, including the serum of patients with ovarian
cancer.42

Human Leukocyte Antigens
The embryo and trophoblast express nonclassical forms HLA-G, which may protect them against
NK-mediated lysis, and lead to apoptosis of allogeneic cytotoxic CD8+ T cells by Fas ligands.43 But
HLA-G-negative embryos may implant and therefore, HLA-G is not essential for implantation.44 Recent
data have shown that NK cells, which are dominant in the decidua, express a receptor for KIR2DL2,
which interacts with HLA-G; however, a multiparous woman who lacked the receptor still had normal
pregnancies.45 Also, HLA-G polymorphism has been investigated in recurrent spontaneous abortion,
but no difference has been found between the fertile and abortion-prone populations.46 HLA-G can be
detected in human embryo culture media by specific immunoassays. However, pregnancy can also occur
in its absence. When HLA-G is present, there is a higher pregnancy rate and therefore its testing has
been used to determine which embryos should be transferred after IVF.47 However, the soluble forms are
not secreted by the trophoblast, but are cleaved from membrane-bound HLA-G1. Thus, HLA-G may be
necessary but is certainly not sufficient for initiating maternal tolerance of pregnancy.

Preimplantation Factor
Earlier work had shown that viable human and rabbit human embryo culture media contains unidentified
immune modulatory compounds.35,36 We developed a novel bioassay and reported that viable human and
mouse embryo-conditioned culture media, and human and porcine pregnancy serum, contain immunemodulatory compounds that increase rosette formation between donor lymphocytes and platelets in the
presence of CD2MAb due to PIF, a low molecular weight peptide(s).48–54 A bioassay, unlike an immune
assay, is a reflection of a biological phenomenon, which led us to study whether the compounds present
in embryo culture media are also present in the maternal circulation. Using the PIF bioassay combined
with affinity chromatography, followed by two-step high-performance liquid chromatography and identification by mass spectrometry, we have isolated and characterized PIF a 9–15 aa peptide that shares
the first nine amino acids. Since the peptide replicated the bioassay results it was subsequently made
synthetically, which replicated the native biological activity. Subsequently, both polyclonal and mouse
monoclonal antibodies were generated that enabled detailed examination of the diagnostic and therapeutic potential of the embryo-derived peptide. The Barnea research group reported that PIF is secreted
only by viable embryos and it can be measured shortly postfertilization at the two-cell stage in embryo
culture media.55 With its multitargeted effects, PIF plays an essential role in conditioning the mother for
successful implantation. Viewing the embryo as a self-driven entity that enables itself to control its own
destiny, PIF could play an important role in this process.

Preimplantation Factor—A Biomarker for Embryo Tolerance
The possibility that PIF plays a role in determining the embryo’s destiny has been examined and documented in mouse, cow and human embryos.55,56 The detection of PIF in culture media is associated with
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viability and, following embryo transfer, it is associated with successful pregnancy outcome. A more
recent study provided further evidence for dependence of successful pregnancy outcome on the presence of PIF in human embryo culture media. Data generated by following single and multiple embryo
transfer documented that lack of detection of PIF in the culture media correlates 100% with the lack of
pregnancy following transfer. This aspect of PIF’s potential as a biomarker of viable pregnancy is being
investigated in multicenter clinical trials (Clinicaltrials.gov).
The use of βhCG as a pregnancy biomarker is well established. It is secreted by the embryo upon
genome expression and it is detected in the maternal circulation within a few days postimplantation.
However, such detection per force does not indicate that the pregnancy is viable since chemical pregnancies where βhCG is detected are rather common.50 PIF may turn out to be a useful biomarker with
practical advantages over hCG. Patients at risk for repeat pregnancy loss have been followed up by
serial PIF bioassays.50 PIF was not detected in the maternal circulation two to three weeks prior to a
fall in hCG levels and clinical symptoms of spontaneous abortion. Morever, hCG was detected in the
maternal circulation of all of these patients. Chemical pregnancies were also positive for hCG but not
PIF.50 Similarly PIF detection in the maternal circulation four days after embryo transfer was associated with a 71% live birth rate compared with 3% when PIF was not detected. PIF can also be detected
in the pregnant woman’s circulation by specific ELISA (enzyme-linked immunosorbent assay), which
shows an increase in the first trimester, plateau in the second trimester and a fall in the third trimester.
The bovine model closely approximates human pregnancy. We have reported that 10 days after artificial
insemination, PIF identification led to live births in 91%, and at day 20 reached 100%.57 Thus PIF detection is associated with a good pregnancy outcome. Prior to implantation the source of PIF is the embryo,
whereas postimplantation, it is the placenta and possibly the fetus, as confirmed by immunohistochemistry and anti-PIF antibody studies.57,58

Preimplantation Factor Promotes Embryo Development and Prevents
Recurrent Pregnancy Loss Serum-Induced Embryo Demise
Embryo viability is dependent on PIF. In the presence of anti-PIF-monoclonal antibody, a high rate of
embryo demise was noted; the effect being dose-dependent.55 PIF is taken up by viable embryos (mouse,
cow, equine) confirming the autotrophic effect.55 Specificity was demonstrated by using a scrambled
peptide as a control—which failed to bind. Using a hardy bovine IVF model, where few embryos become
blastocysts when cultured alone, PIF addition accelerated their development overcoming the block that
bovine embryos have unless cultured in large groups.59
PIF’s protective role aiding embryo survival in a potentially hostile environment has also been examined. In RPL, the embryo is exposed to circulating toxins, antibodies and oxygen radicals, among others. Since PIF targets the embryo directly, it negates embryo demise when serum containing the above
toxins is added in culture, and the effect is dose-dependent.59 It is the small molecules, which belong
to the fraction less than 3 kDa (oxygen radicals, toxins), which delayed development as opposed to
the high molecular weight molecules (antibodies and other proteins) which increased embryo demise.
PIF interacts with the embryo and targets specific sites to exert both growth-promoting and protective properties. Specific PIF targets have been identified by passing 10 day old mouse embryo extracts
using PIF-based affinity chromatography followed by quantitative mass spectrometry. This method has
identified a number of classes of proteins; principally those related to oxidative stress (protein disulfide
isomerase/thioredoxin) and heat shock proteins involved in preventing protein misfolding and actins/
tubulins cytoskeleton/vascular/neural backbone. At day 10 (eight to nine weeks in human pregnancy)
embryos transition from a hypoxic to an oxygenated environment due to formation of the placenta.
PIF appears to play a significant protective role on the placenta. Thioredoxin protects against altered
development in a hyperglycemic environment,60 and anti-HSP antibody was shown to negatively affect
cultured embryos’ development.61

Implantation is an Embryo-Driven, Maternal-Responsive Process
Successful implantation requires intimate contact between the trophoblast and the decidua. Failed
endometrial priming is frequently seen in cases of RPL. PIF, secreted by the embryo, may improve
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uterine receptivity by acting in concert with downstream expressed molecules to create the favorable
environment in the endometrium.
We have examined whether PIF can affect beta integrin—a prime protein that is upregulated during
the implantation window. In epithelial cells, but not in stromal cells, added PIF upregulates beta integrin expression.62 Interestingly, upregulation took place independent of progesterone exposure. Hence,
embryo specific signaling seems to be essential to create a maternal response to the incoming embryo.
Others have shown that there are changes in a large number of genes’ expression once the embryo
becomes attached to the endometrium.63 However, the change in gene expression is site-specific since
this change is not observed in areas away from the implantation site. Consequently, it seems that the
embryo is capable of creating a receptive environment, and this priming has to take place prior to
implantation.
We have tested the effect of PIF on implantation by using an estrogen and progesterone primed
stromal cell (HESC) model using global gene and protein analysis.62,64 Notably the peptide acted
as a proinflammatory agent. This is of interest because the endometrium, when irritated, increases
implantation rates following embryo transfer.65 Further, PIF promotes adhesion molecules that would
facilitate embryo attachment and regulates apoptosis which is critical for implantation. Stromal cell
separation and detachment enables the trophoblast to invade effectively. PIF regulates local immunity
to eliminate apoptotic cells that could create a hostile proinflammatory environment. PIF also exerts
antipathogenic effects by modulating TLRs (TOLL like receptors), thereby preventing implantation
failure.
Remarkably, PIF promotes neural-related proteins in HESC perhaps protecting the notochord, the first
embryonic structure.64 Consequently, PIF may prevent adverse maternal environment-induced damage
to the embryo.
The endometrial environment can be hostile. Using the equine model in endometrial cultures, PIF
improved bacterial lipopolysaccharide (LPS)-induced inflammation by reducing PGF2a secretion and
correlated with circulating progesterone levels.66 Thus PIF may prevent implantation failure, the most
vulnerable period of reproduction.
Following successful implantation, the decidua is formed. Using cultured decidual cells in culture,
PIF’s effect was examined, which showed a promoting effect on genes involved in protecting against an
adverse environment.64 In RPL, most losses occur in early gestation. Provided that the embryo is normal,
the decidua is the site where the trophoblast derives its support and PIF could help to minimize adverse
effects on the embryo.
The last phase in embryo/maternal interaction, which actually decides the fate of pregnancy, is trophoblast adherence and invasion. It was found that PIF promotes transformed trophoblastic cells’ invasion.67
However, it was not known whether this is also the case in primary trophoblastic cells. In a recent study,
it was demonstrated that PIF also promotes primary human trophoblast invasion and mechanistically
demonstrated that the effect on invasion operates through the matrix metalloproteinase (MMP)/tissue
inhibitor of metalloproteinase-1 (TIMP)/integrin ratio through highly specific pathways. Further data
showed that PIF is expressed in the trophoblast shortly after implantation (week five and above), and is
highly localized in the extravillous (invasive) trophoblast. Uterine NK cells control against excessive
invasion of the trophoblast and may lead to maternal hostility. Sequential ex vivo analysis showed
the PIF secreted by the trophoblast is incorporated in uNK cells as evaluated at 10, 12, and 14 days of
murine gestation. However, by day 14 PIF+ particles were released from uNK cells. Thus uNK hostility
may be contained during gestation. However, in preparation for delivery, PIF levels decrease enabling the
needed “rejection” phenomena to come into play. The gestational age-dependent expression of PIF (low
in the human term placenta, and absent in the placenta at premature delivery) supports such a hypothesis.

The Role of Preimplantation Factor in Global Immune Regulation
Immunity drives reproduction and not vice versa. Systemic immunity is altered shortly postfertilization. Since PIF is detected in the maternal circulation prior to implantation, we examined the peptide’s
immune regulatory properties.58,68,69 The results indicate that PIF has an important role in regulating
maternal tolerance while keeping maternal defenses intact. PIF targets specific systemic immune cells,
affecting cytokines and gene expression. PIF binds to naïve CD14+cells monocytes/neutrophils and, once
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activated, to T and B cells promoting the required Th2/Th1 cytokine ratio and expression. PIF promotes
HLA-type genes related to tolerance in both naïve and anti-CD3/CD28 antibody induced PBMCs. In
naïve cells, PIF promotes antipathogenic gene expression related to macrophage and NK cell action.
In adaptive immunity, PIF controls genes involved in oxidative stress, protein misfolding and platelet
activation. Thus the embryo, being a small antigen, creates only a limited signal indicating its presence
regulating maternal immunity in order to be accepted. However, in the case of maternal adversity, there
has to be a dual protective effect in which PIF participates. Firstly, PIF supports embryo preservation,
and secondly, PIF may support maternal immunity to fight pathogens and disease. Examination of PIF/
protein interactions revealed multitargeted interaction aided by the highly flexible folding structure of
the peptide. Such observations may explain the profound differences observed between PIF’s effect on
innate and adaptive immunity.

Does the Embryo—Through Preimplantation Factor Action—Help
Itself and the Mother to Prevent Adversity?
In RPL, systemic immunity plays an important role, especially overactive NK cells. We found that PIF
reduces NK cell toxicity significantly, irrespective of whether the number of NK cells in the circulation
was elevated or within the normal range.
Both immunoglobulin and intralipid have been suggested for treating RPL. Low dose PIF showed a
similar inhibitory effect when tested side-by-side with high doses of the two other agents.69 The effect of
PIF is indirect, affecting CD69+ NK cell expression, a prime marker of NK activation. Thus, the embryo
may be protected both by blocking serum and NK cytotoxicity, subsequently preventing further pregnancy losses in RPL.59
In order to further validate PIF’s possible role in controlling systemic immune response, PIF’s binding
and effect on cytokines in peripheral blood mononuclear cells (PBMCs) of patients having >10 miscarriages and no viable birth were examined. There were significant changes both in binding characteristics
and the cytokine secretion ratio compared to healthy controls. Therefore, PIF may identify patients prone
to having altered systemic immune response that may lead to RPL.

Lessons Learned from Preimplantation Factor Efficacy
in Nonpregnant Immune Disorder Models
Since pregnancy is a complex model for documenting the effect of a single agent, nonpregnant models
have been utilized to test PIF. The observation that several autoimmune diseases are ameliorated in pregnancy, (except when severe) was recently reviewed.70,71 It was found that PIF is effective in ameliorating
approximately 20 different nonpregnant autoimmune/transplantation models. As the immunoregulatory
effects of PIF are systemic as well as local, it is not surprising that PIF may affect other autoimmune
processes. In juvenile diabetes and neuroinflammation models, the protection of target organs—pancreas and spinal cord—were noted, as were effects on circulating cytokines and immune phenotypes. As
in pregnancy, the central mechanisms of protection are reduction of oxidative stress, protein misfolding
and macrophage control.
Development of tolerance to the embryo without causing harmful immune-suppression is essential
in reproduction. The use of the graft versus host model allowed us to examine this premise in vivo.72,73
Semiallogeneic mesenchymal stem cells were transferred to a mouse where its immune cells were
totally destroyed by radiation. PIF treatment prevented or reversed damage to skin, liver, and colon
long-term. Since most pregnancies are semi- or allogeneic, such a model supports the observation
that PIF has an important role in tolerance development. PIF also protects against a totally allogeneic transplant by preventing Graft vs host disease (GVHD) development. The donor embryo is a
genetic mismatch, therefore PIF has an important role in the development of maternal tolerance. PIF
also promotes autotransplantation of mesenchymal stem cells thereby facilitating the engraftment.
Thereby, PIF may have a similar role in facilitating embryo implantation. Overall, the nonpregnant
models investigating PIF’s actions have enabled documentation of this peptide’s multifaceted potential role in ensuring pregnancy success.
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Summary
Overall, an integrated view of embryo–maternal interactions enables us to put in context the role of
the conceptus and its unique secretory product PIF in reproductive success. (1) The embryo, a semi/
foreign entity, must sustain itself in an adverse environment. The embryo has an innate self-destructive
potential, as poor quality embryos mostly fail to develop. The embryo also has autotrophic properties.
(2) Uterine priming creates a favorable and nonhostile environment for the embryo. (3) Promotion of
trophoblast invasion assures effective embryo–maternal interaction. (4) Regulation of systemic immunity has a dual role: protects itself and aids the maternal organism to fend off disease. Insight into
these fundamental processes will provide a solid basis for development of effective diagnostic and
therapeutic tools to reduce RPL. Finally, viewing pregnancy as embryo-centric and not maternalcentric will improve both our insight and management of RPL and other pathological conditions in
pregnancy.
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Genetics of Spontaneous Abortions
Joe Leigh Simpson

Introduction
Genetic factors are the most common causes of spontaneous abortion. From 50% to 80% of first trimester abortions show numerical chromosomal abnormalities. Other potential genetic causes include
single-gene mutations or polygenic factors, almost unexplored in etiology of spontaneous abortions. In
this chapter, we shall restrict discussion to the frequency and most common genetic causes of sporadic
and recurrent abortions. We will not consider the unequivocal underlying genetic basis of so-called
“nongenetic” causes that include heritable and nonheritable thrombophilias.

Chromosomal Abnormalities in Preimplantation Embryos
The frequency of losses in human preimplantation embryos has long been known to be very high.1 Of
morphologically normal embryos about 50–80% show numerical chromosomal abnormalities (aneuploidy or polyploidy), depending upon maternal age, initially based on couples undergoing preimplantation genetic diagnosis (PGD)2 whose embryos were studied by fluorescent in situ hybridization (FISH)
with five to seven chromosome-specific probes. Using array comparative genome hybridization (CGH)
or single nucleotide polymorphism (SNP)-based methods allowing aneuploidy to be assessed in all 24
chromosomes, rates of aneuploidy are as high as 85–100% in women age 43 years and above.3 These
data are consistent with 6% aneuploidy in sperm from ostensibly normal males4 and 20% aneuploidy in
oocytes5 obtained at time of in vitro fertilization. Aneuploidy rates in embryos and oocytes increase as
maternal age increases.
Not surprisingly, chromosomal abnormalities are even more frequent in morphologically abnormal
embryos than morphologically normal embryos.2 Using FISH with five to seven chromosome-specific
probes, abnormality rates of 75% are observed in morphologically normal cleavage stage embryos.2
Contemporary studies utilizing 24 chromosome array CGH have not been reported, to my knowledge,
in a morphologically abnormal cohort of embryos.

Chromosomal Abnormalities—in Clinically Recognized Spontaneous Abortion
Frequency
That 50% of clinically recognized pregnancy losses show a chromosomal abnormality6–8 was initially
based on analysis of spontaneously expelled products. If chorionic villus sampling (CVS) is performed
after ultrasound diagnosis of fetal demise, the frequency is 75–90%.9,10 Contemporary studies now utilize comparative genomic hybridization (CGH; microarray analysis) and have the advantage of not
requiring cultured cells and in revealing abnormalities in abortuses more subtle than evident by karyotype (5–7 Mb sensitivity). Schaeffer et al.11 performed CGH using microarrays on 41 abortuses that
had previously been analyzed by karyotype and diagnosed as normal. Array CGH revealed heretofore
unrecognized abnormalities in 4 of 41 cases. Coupled with data on abortuses recognized as deceased
at the time of CVS, the frequency of chromosomal abnormalities in women age 35 or above can confidently be stated to be 60–75%.
29
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In the second trimester, chromosomal abnormalities are less frequent, and the frequency is less
certain. Some abortuses recognized in the second trimester are actually missed abortions that were
retained in utero after a first trimester demise. It has long been recognized that fetal demise may precede spontaneous expulsion of the products of conception by several weeks.12 Chromosomal abnormalities detected in second trimester abortions are similar to those observed in liveborn infants: trisomies
13, 18, and 21; monosomy X; and sex chromosome polysomies. The frequency of these anomalies is
estimated to be approximately 15%.
In third trimester losses (stillborn infants), the frequency of chromosomal abnormalities has traditionally been stated to be 5% based on karyotypes. However, using array CGH the rate is higher.13 This
“increase” reflects tissue from stillborns often not growing in vitro, a requisite for performing a karyotype but not for array CGH. A major problem in assessing the frequency of chromosomal abnormalities
is that maceration ensues soon after fetal death. This is obviously days in advance of delivery. Hefler
et al.14 found that 63% of 139 third trimester losses were macerated, impeding accurate morphological assessment and ability to perform cytogenetic studies. Irrespective, the frequency of chromosomal
abnormalities in stillborns is lower than the 0.6% incidence found in liveborns in the general population.

Spectrum of Chromosomal Abnormalities
Autosomal Trisomy
Autosomal trisomies comprise approximately 50% of cytogenetically abnormal spontaneous abortions.
Trisomy for every chromosome has been observed. Table 3.1 shows frequencies in one older series, still
relevant. Trisomies of most relevance are 16, 22, 21, 15, 13, and 14 in that descending order. Trisomy
16 is rarely, if ever, observed in liveborns in nonmosaic form, but is the most common aberration in the
abortus. These six chromosomes in aggregate account for 70% of trisomies—an important consideration in PGD. When less common aneuploidies occur, they are often accompanied by one of the sentinel
trisomies (double trisomy). Thus, studying only the sentinel liveborn trisomies plus X and Y (perhaps
nine chromosomes) can actually detect 90% of aneuploidies in embryos at PGD. Whether this holds for
clinically recognized spontaneous abortions is less clear.
Correlations between placental or embryonic morphological abnormalities and specific trisomies are
usually imprecise. Complications include nonspecific villous changes following fetal demise in utero.
Thus, low predictive value exists when placental histology is used to distinguish aneuploid from euploid
abortuses. A few correlations are valid. Fetuses with trisomies incompatible with life grow more slowly
than those with trisomies compatible with life (e.g., trisomies 13, 18, 21). In one series crown-rump
length for the latter was 20.65 mm, compared with only 10.66 mm for the former.15 Either fetuses with
nonlethal trisomies live longer than those with lethal trisomies, or fetuses with lethal trisomies exhibit
greater intrauterine growth retardation, or both.
Abortuses from nonlethal trisomies (13, 18, and 21) also tend to show anomalies consistent with those
found in full-term liveborn trisomic infants.15,16 Malformations observed may be more severe than those
found in induced abortuses detected after prenatal diagnosis.
Most trisomies show a maternal age effect, but the relative effect varies among chromosomes.
Maternal age correlates positively with errors at meiosis I, the most common cytological explanation
for trisomies. The proportion of trisomies that arise at meiosis I versus meiosis II has traditionally been
considered to vary among aneuploidies. Virtually all trisomy 16 cases are maternal in origin, and arise
in meiosis I.17 In trisomies 13 and 21, 90% are maternal, usually arising at meiosis I. In trisomy 18, however, two-thirds of the 90% of maternal origin cases arise at meiosis II.18,19 These data have, however,
traditionally been based on methods that have now been superseded. In particular, PGD aneuploidy testing has shown that premature chromatid separation is commonly observed during polar body analysis
for PGD. Sometimes correction even occurs in meiosis II. Using these newer data, meiosis I errors seem
only marginally higher (41.7% versus 35.2) in oogenesis than meiosis II errors; errors in both meiosis
I and II are not uncommon. The relative distribution of errors seems to differ from that observed in
trisomies recovered later in pregnancy.
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TABLE 3.1
Chromosomal Completion in Spontaneous Abortions; Recognized
Clinically in the First Trimester
Completion
Normal:46,XX or 46,XY
Triploidy
69,XXX
69,XYX
69,XXY
Other
Tetraploidy:
92,XXX
92,XXYY
Not stated
Monosmy X
Structural abnormalities
Sex chromosomal polysomy:
47,XXX
47,XXY
Autosomal monosomy (G)
Autosomal trisomy for chromosomes:
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
Double trisomy
Mosaic trisomy
Other abnormalities or not specified

Frequency

Percentage
54.1
7.7

2.7
0.2
4.0
0.8
2.6
1.5
0.55
0.55
18.6
1.5
0.2
0.05
0.15
0.1
22.3
0
1.11
0.25
0.64
0.04
0.14
0.89
0.79
0.72
0.36
0.04
0.18
1.07
0.82
1.68
7.27
0.18
1.15
0.01
0.61
2.11
2.26
0.7
1.3
0.9
100.0

Source: Pooled data from several series, as gathered by Simpson J, Bombard A.
In: Edmunds DK, ed. Spontaneous Abortion, Oxford: Blackwell; 1987.
p. 51–76.
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Maternal meiosis errors correlate not only with advanced maternal age, but also with decreased or
absent meiotic recombination, which depend on synapse involving homologous sequences.18–21 Location
of the recombinant event on a given chromosome and the exact nature of recombination are pivotal, as
discussed elsewhere.22 Maternal age related aneuploidy is usually explained on the basis oocytes ovulated earlier in life are believed to be more likely to have undergone genetic recombination and, hence,
be less predisposed to nondisjunction.23 More recently it has been appreciated that premature chromatid
separation is frequent in oocytes.21
Errors in paternal meiosis account for 10% of acrocentric (13, 14, 15, 21, and 22) trisomies.24 In
nonacrocentric trisomies, parental meiotic errors are equally likely to arise at meiosis I or II.25 Paternal
meiotic errors account for 10% of trisomy 21 cases, and for some cases of trisomy 2 abortuses. A paternal contribution is uncommon in other abortus trisomies.

Double Trisomy
The frequency of double trisomy in abortuses is more common than expected by chance. Frequency varies more than for other chromosomal abnormalities, which may reflect vicissitudes of culture (failure) or
differences in sample characteristics (maternal age; gestational age). Double trisomies have traditionally
been said to be slightly less than 1% of all abortuses26,27 although a recent report of 517 abortuses found
double trisomies in 2.2% of 321 successful karyotyped abortuses.27
Double trisomies most often involve the X chromosome, but may involve the Y chromosome
or autosomes 21, 18, 16, 22, 13, 2, and 15 in descending order (Table 3.2). Diego-Alvarez et al.27
tabulated the exact combination of the 178 reported double trisomies. In liveborns, approximately
50 double trisomies have been reported.28 Usually one of the additional chromosomes is an X and
the other is 13, 18, or 21. Advanced maternal age is a striking feature.26–28 In the data of DiegoAlvarez et al.,27 the mean maternal age was 39.7 ± 3.4 years. Almost all analyzed cases originated
in maternal meiosis.
Gestational age was 8.7 ± 2.2 weeks at abortion in double trisomies in the series of Reddy,26 compared with 10.1 ± 2.9 weeks for a single trisomy. In the series of Diego-Alvarez et al.27 the gestation age
was 8.2 ± 1.7 for double trisomies. The sex ratio was approximately 1 in both series.
Morphological examination usually reveals an empty sac26,27 and only occasionally an embryo of
normal morphology. In one study, five of seven double trisomies showed no morphological details;28 one
was anembryonic and the other (48,XXX + 18) showed hydrops fetalis.

Triploidy
In polyploidy, more than two haploid chromosomal complements exist. Nonmosaic triploidy (3n = 69)
is more common than tetraploidy (4n = 92). Of general interest is the association between diandric
(paternally inherited) triploidy and hydatidiform mole. A “partial mole” exists if molar tissue and
fetal parts coexist. Partial (triploid) moles must be distinguished from the more common “complete”
hydatidiform moles. Complete moles are 46,XX, exclusively of androgenetic origin, and exclusively
villous tissue.29
TABLE 3.2
Recurrent Aneuploidy: Relationship between Karyotypes of Successive Abortuses
Complement of Second Abortus
Complement of First
Abortus

Normal

Trisomy

Monosomy

Triploidy

Tetraploidy

De novo
Rearrangement

Normal
Trisomy
Monosomy X
Triploidy
Tetraploidy
De novo rearrangement

142
33
7
7
3
1

18
30
5
4
1
3

5
1
3
1
0
0

7
4
3
4
2
0

3
3
0
0
0
0

2
1
0
0
0
0

Source: Data of Warburton D. et al. Am J Hum Genet 1987;41(3):465–83.
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Placental findings in diandric triploid placentas include a disproportionately large gestational sac,
focal (partial) hydropic degeneration of placental villi, and trophoblast hyperplasia.30 Placental hydropic
changes are progressive and, hence, difficult to identify in early pregnancy. Irrespective of chromosomal status, placental villi also undergo nonspecific hydropic degeneration following fetal demise. This
makes correlations between histological and cytogenetic findings difficult. Embryonic/fetal malformations associated with triploid abortuses include neural tube defects and omphaloceles, both anomalies
occurring in triploid conceptuses surviving to term. Facial dysmorphia and limb abnormalities have
also been reported.31 There is no apparent correlation between embryonic morphology and parental
origin (diandry or digyny).31
Triploid abortuses are usually 69,XXY or 69,XXX. The origin has long been presumed to be due to
dispermy.29,32,33 Triploidy may follow either fertilization by two haploid sperm or fertilization by single
diploid sperm.33,34

Tetraploidy
Tetraploidy (4n = 92) is less common than triploidy and rarely progresses beyond two to three weeks of
embryonic life. This chromosomal abnormality can be associated with persistent trophoblastic disease,
and thus needs to be identified in order to provide appropriate clinical follow-up. Tetraploidy in embryonic tissue should be distinguished from the not uncommon, and clinically insignificant, tetraploid cells
found in amniotic fluid. True fetal tetraploidy does exist35 and probably arises from failure of cytokinesis.36 Failure of cytokinesis has been deduced on the basis of chromosomal complement (92,XXXX or
92,XXYY), and more recently confirmed by molecular studies.37

Monosomy
Autosomal monosomy appears to be lethal prior to or just beyond implantation, and thus seems not to
persist to clinical recognition. Monosomy X, however, accounts for 15–20% of chromosomally abnormal specimens. Early monosomy X abortuses usually consist of only an umbilical chord stump. If survival persists until later in gestation, anomalies characteristic of Turner syndrome may be seen. These
include cystic hygromas, generalized edema, and cardiac defects. Unlike liveborn 45,X individuals,
45,X abortuses show germ cells; however, germ cells rarely develop beyond the primordial stage. The
pathogenesis of 45,X germ cell failure thus seems to be increased attrition of germ cells, rather than
failure of germ cell development. Yet existence of germ cells during embryogenesis explains the rare
but well-documented pregnancies occurring in 45,X individuals. Mosaicism (45,XX/46,XX) need not
necessarily be invoked as the mechanism explaining these pregnancies.
Approximately 80% of monosomy X occurs as a result of paternal sex chromosome loss.38 Con
sequently, there is a lack of a maternal age effect in 45,X. An inverse age effect has been reported.

Sex Chromosomal Polysomy (X or Y)
The complements 47,XXY and 47,XYY each occur in about 1 per 800 liveborn male births; 47,XXX
occurs in 1 per 800 female births. X or Y polysomies are slightly (10%) more common in abortuses
than in liveborn.

Recurrent Aneuploidy and its Clinical Consequences
In first trimester abortions recurrent aneuploidy occurs more often than expected by chance.
Chromosomal complements of recurrent abortuses in a given family are more likely to be either recurrently normal or recurrently abnormal (Table 3.3). That is, if the complement of the first abortus is
abnormal, the likelihood is increased that the complement of the second abortus will also be abnormal.
This was originally based on data from Hassold7 collected in Hawaii. Recurrence usually involves
trisomy, for which ramifications exist with respect to the therapeutic management (or lack thereof).
Controversy exists as to what extent the principle applies that numerical chromosomal abnormalities
(aneuploidy) explain recurrent pregnancy losses. In the view of this author, recurrent aneuploidy should
clinically apply until the number of losses reaches or exceeds four.
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TABLE 3.3
Risk of Aneuploidy by Number of Prior Miscarriages; Stratified by Maternal Age
Maternal Age <35 years
No. of Prior Spontaneous Abortions
0
1
2
≥3

Adjusted OR for Trisomy 13, 18, 21a

Adjusted OR for All Aneuploidiesa

1.00
1.27 (0.74–2.08)
1.31 (0.80–2.13)
1.36 (0.46–2.73)

1.00
1.19 (0.78–1.84)
1.21 (0.94–1.58)
1.41 (0.56–3.19)

Maternal Age >35 years
No. of Prior Spontaneous Abortions
0
1
2
≥3

Adjusted OR for Trisomy 13, 18, 21a

Adjusted OR for All Aneuploidiesa

1.00
1.23 (1.04–1.52)
1.34 (1.01–1.82)
1.56 (1.03–2.31)

1.00
1.23 (1.00–1.52)
1.30 (0.99–1.74)
1.68 (1.12–2.52)

Source: Data from Bianco K et al. Obstet Gynecol 2006;107(5):1098–102.
Note: Comparison is with women with no spontaneous abortions, controlling for parity and indications for prenatal
diagnosis.
a OR, odds ratio, 95% confidence intervals.

Some of the nonrandom distributions naturally reflect merely increasing incidence of aneuploidy
with increasing maternal age. Adjustments for maternal age thus account for some of the ostensibly
nonrandom distribution and, initially in the opinion of Warburton et al.,39 precluded a relationship.
That report by Warburton et al. pooled cases collected in New York City samples with the previously
collected cohort from Hawaii;7 however, a major confounder is that the New York City cases extended
to 28 weeks’ gestation. Second trimester cases predictably had a lower overall aneuploidy rate than the
almost exclusive first trimester cases. Later studies of recurrent aneuploidy convinced Warburton that
the concept of recurrent aneuploidy is indeed valid.40
Further support is derived from prenatal diagnosis samples, comparing results to predicted pregnancy outcome. Bianco et al.41 studied 46,939 women undergoing prenatal genetic diagnosis (CVS or
amniocentesis). The prevalence of aneuploidy increased progressively as the number of prior spontaneous abortuses increased (Table 3.3): 1.39% with no prior abortuses, 1.67% after one, 1.84% after
two, and 2.18% after three abortions. After adjustments for maternal age, ethnicity, and type of invasive procedure (a surrogate indicator of gestational age), the odds ratios were 1.21 (95% confidence
interval (CI) 1.01–1.47), 1.26, and 1.51, respectively. These findings thus confirmed an earlier study
by Drugan et al.42
More recent support for the concept of recurrent aneuploidy is the occurrence of repeated trisomic
preimplantation embryos in successive ART cycles. Comparing aneuploidy in cleavage stage embryos in
women having aneuploid versus euploid embryos in prior cycles, Munne et al.43 found aneuploidy rates
to be 37% versus 21% in women under age 35 years, and 34% versus 31.5% in women over 35 years.
Rubio et al.44 reported increased aneuploid embryos in women undergoing PGD for repeated abortions,
compared to women undergoing PGD for Mendelian indications. Frequencies of chromosomal abnormalities were 71% versus 45%, in abortuses, respectively.
Given the phenomenon of recurrent aneuploidy, and given that 50% of all abortuses are abnormal
cytogenetically, aneuploidy should be as likely to be detected in a recurrent abortus as in a sporadic
abortus. This has indeed proved to be true in most series. Among 420 abortuses obtained from women
with repeated losses, Stephenson et al.45 found 46% with chromosomal abnormalities. Their comparison was unselected pooled data, which showed 48% of abortuses to be abnormal; 27% of the original
sample was trisomic.
Although recurrent aneuploidy should be assumed to apply with two or three losses, this does not necessarily hold for higher-order losses. These seem more likely to be cytogenetically normal.46 Maternal
factors (“nongenetic”) thus become more plausible explanations, especially when numbers of losses
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exceed four. Consecutive losses of high number also favor nonaneuploid explanations because one
would not necessarily expect every single abortus to be aneuploid.
Consistent with the above, Carp et al.47 found that among women having three or more abortuses,
the likelihood that the abortus would have an abnormal karyotype was only 29%. After an aneuploid
abortus, the likelihood of a subsequent live birth was 68% (13 of 19). Yet if the abortus was euploid, the
subsequent live birth rate was 41% (16 of 39). The likely explanation for the difference between studies
is differences in samples, specifically increased gestational age in the sample of Carp et al.47 That only
29% of abortuses in the series of Carp et al.47 were chromosomally abnormal is consistent with their
inclusion criteria extending to 20 weeks’ gestation. There is less reason to expect recurrent aneuploidy
in the second trimester, given the low (15%) frequency of chromosomal abnormalities and other explanations in the second trimester. There were also a higher mean number of previous pregnancy losses
(4.7) in the series of Carp et al.47

Clinical Management of Recurrent Aneuploidy
If no information exists on chromosomal status of prior abortuses, chromosomal microarrays may yield
information from paraffin block specimens.48 If no information can be obtained, it is less clear whether
prenatal genetic diagnosis is appropriate. However, the risk of an aneuploid offspring is definitely
increased over background maternal age, and indeed can be calculated as discussed above.41 The small
but finite risk of amniocentesis or CVS is especially troublesome to couples who have had difficulty
maintaining a pregnancy. Noninvasive approaches may be the preferable initial option, and with cellfree fetal DNA sensitivity for detecting trisomy 21 is over 99%. However, more information is obtained
from the karyotype or array CGH possible with an invasive procedure. PGD is another option, allowing
selective transfer of euploid embryos and clearly decreasing clinical abortions in couples with repeated
abortions.49 This is most applicable as maternal age advances; the frequency of aneuploid embryos
increases from a background of 25% in younger women to over 90% at age 45 years.3 These daunting
odds mean pregnancy resulting in a liveborn is clinically unlikely. If one transfers euploid embryos,
studies consistently show abortion rates only around 13–15% irrespective of maternal age. This strategy
is more feasible with trophectoderm biopsy 24 chromosome array CGH.

Liveborn Consequences of Recurrent Abortions
To what extent are couples predisposed to recurrent aneuploidy at increased risk not only for aneuploid
abortuses but also for aneuploid liveborns? The trisomic autosome in a subsequent pregnancy might
not always confer lethality, but might be compatible with life (e.g., trisomy 21). Counseling for liveborn
trisomy 21 following an aneuploid abortus has long been considered to confer a risk of about 1%.50
Based on first trimester trisomies, which may or may not survive, Snijders and Nicolaides51 reported
a recurrence rate of 0.7% following trisomy 21 and 0.7% following trisomy 18. Both are higher than
age-related background. Bianco et al.41 provided data on the quantitative consequences of prior abortion after unknown karyotype. If the abortions are recurrent but no information is available on the
chromosomal status, odds ratios provided by Bianco et al.41 provide patient specific risk (Table 3.3). For
example, if the a priori Down syndrome risk is 1 in 300, a woman’s calculated risk after 3 abortions
would be 1/300 × 1.68 or 1 in 179 if she were older than 35 years.

Structural Chromosomal Rearrangements—Translocations
Structural chromosomal rearrangements account for only 1.5% of all abortuses but a much higher proportion of abortuses that are recurrent. The presence of a balanced rearrangement in one parent can
result in an unbalanced translocation in offspring. Phenotypic consequences depend on the specific
duplicated or deficient chromosomal segments. A balanced translocation is found in 3–5% of couples
experiencing repeated losses.52–55 These individuals are themselves phenotypically normal, but their
offspring (abortuses or abnormal liveborns) may show chromosomal duplications or deficiencies as a
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result of normal meiotic segregation. The prevalence of balanced translocations is higher in females
than males,53 and higher still if there is a family history of a stillborn or abnormal liveborn.53,54
Detecting a translocation heterozygote does not correlate with maternal age,55 nor does the likelihood of detecting a balanced translocation substantially differ after 1, 2, or 3 miscarriages. In the tabulation by Simpson et al.,53 detection rates in females after 2, 3, 4, and 5 losses were 0.8%, 1.7%, 2.3%,
and 2.9%, respectively. For males, the respective rates were 1.2%, 1.9%, 2.4%, and 0 (0/39). Goddijn
et al.56 found that the odds ratios for finding a balanced translocation after 2, 3, and 4 or more losses
were 1.4 (95% CI 0.4–4.8), 2.2 (0.4–12.5), and 2.1 (0.3–15.4), respectively.

Likelihood of Abnormal Liveborns
There are two general types of translocations: Robertsonian and reciprocal. Robertsonian translocations involve centric fusion of an acrocentric (13, 14, 15, 21, 11) chromosome. The theoretical risk
of a parent with t(14q;21q) having a liveborn child with Down syndrome is 33%, but empirical risks
are considerably less given the lethality of certain complements. Risks at the time of amniocentesis
are 2% if the father carries a translocation-involving chromosome 21 and 10% if the mother carries
such a translocation.57,58 Robertsonian (centric fusion) translocations involving chromosomes other
than chromosome 21 show lower empirical risks, based on liveborns or prenatal diagnosis samples. In
t(13q;14q), the risk for liveborn trisomy 13 is 1% or less. This lower risk presumably reflects the lethality of many segregant products (trisomies and monosomies).
Reciprocal translocations involve interchanges between two or more metacentric chromosomes.
Empirical data for specific translocations are usually not available, and generalizations are typically
made on the basis of pooled data derived from many different translocations. In Robertsonian translocations, the theoretical risks for abnormal offspring (unbalanced reciprocal translocations) are also much
greater than the empirical risks. Recurrence risk based on sex differences are less apparent. Empirical
risks are 12% for offspring of either female heterozygotes or male heterozygotes.57,58
Mode of ascertainment is important. The frequency of unbalanced fetuses is lower if a parental
balanced translocation was ascertained through repetitive abortions (3%) than through anomalous liveborns (nearly 20%).57 Presumably this reflects the increased likelihood of severely unbalanced products
(e.g., 3:1 segregations), greater in the former. Detecting a chromosomal rearrangement in a parent obviously dictates that prenatal cytogenetic studies should be offered. Even if there is normal transmission
of chromosomes involved in the translocation, a different chromosome could be aneuploid (interchromosomal effect), irrespective of maternal age.

Likelihood of Subsequent Abortions in Structural Translocation
Distinct from the likelihood of unbalanced segregants in liveborns is the likelihood of subsequent
abortion. Actually the cumulative likelihood does not differ from the expected 65–70% live birth rate
observed in the general population with recurrent pregnancy loss (RPL). Goddijn et al.56 reported only
26% miscarriages among 43 pregnancies in 25 carrier couples. Almost half the patients in a series of
Goddijn et al.56 (55/115) had only two miscarriages. Stephenson and Sierra 59 studied 1893 couples, 40 of
whom had a balanced translocation (28 reciprocal and 12 Robertsonian). This series included 7 patients
(14%) with two previous losses.
Among 35 monitored pregnancies in the reciprocal translocation group, the live birth rate was 63%
(22/35); in the Robertsonian translocation group 69% (9/13). These data are comparable to those in the
general repeated miscarriage population. Among abortuses of translocation heterozygote couples, 13
of 36 (36%) were unbalanced, 11 of 36 (30%) aneuploid for another chromosome (interchromosomal
effect), and only 12 of 36 (33%) normal. Among recurrent miscarriage couples not having a translocation, the rates were 2%, 44%, and 54%, respectively.
Less favorable prognosis was reported by Sugiura-Ogasawara et al.,60 the loss rates being 61% (11/18)
for couples in which the male partner had a translocation and 72.4% (21/29) if the female partner had
the translocation. Of 1184 couples with two or more miscarriages that had normal karyotypes, the
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miscarriage rate, by contrast, was only 28.3% (335/1184).60 Carp et al.61 reported that 45.2% (33/73)
pregnancies of couples with a translocation heterozygote resulted in a live birth, compared with 55.3%
(325/588) without a translocation. The same group later found a similar percentage of normal and balanced karyotypes (74%) in embryos of translocations heterozygotes as well as embryos of couples without a translocation (77%).62 Carp et al.62 concluded that any decrease in the live birth rate was due to
factors unrelated to the chromosomal imbalance. However, one explanation is increased aneuploidy not
detected in abortuses.
Irrespective of the above, the increased frequency of pregnancy losses raises the option of PGD in
certain couples. The strategy is to identify and transfer only the (few) balanced embryos. Indeed, this
unequivocally decreases the likelihood of abortion.63
PGD aneuploidy testing is particularly applicable to couples having a translocation in which the
mother is of advancing age. Although couples having a balanced translocation become pregnant in
percentages equivalent to the general population (60–70%), meiotic segregation unavoidably results in
a much larger proportion of their embryos being imbalanced—at least 40% in Robertsonian translocations and over 60% in reciprocal translocations. The clinical consequence is longer time to achieve pregnancy.59,60 In older women this delay (mean 6 years) can preclude liveborns. For this reason American
Society of Reproductive Medicine guidelines recommend PGD be offered to identify the (few) balanced
or genetically normal embryos suitable for transfer.64
Occasionally a balanced translocation precludes a normal liveborn infant. This occurs when a translocation involves homologous acrocentric chromosomes (e.g., t(13q;13q) or t(21q;21q)). The only possibility of normalcy is if trisomic rescue occurs; that is, the “additional” chromosome is “expelled” from
the nucleus to yield the normal amount of chromosomal material. If the father carries a homologous
structural rearrangement, artificial insemination may be appropriate. If the mother carries the rearrangement, donor oocytes or donor embryos should be considered.

Inversions
In an inversion, the order of the genes is reversed. The clinical consequence is analogous to translocation in that individuals heterozygous for an inversion are normal but their genes are rearranged.
Likewise, these individuals suffer untoward reproductive consequences as a result of normal meiotic
phenomena. The cytologic mechanism is more complex, involving not simply meiotic segregation but
crossing over involving the inverted segment. It is a consequence of the recombinant event that produces
unbalanced gametes. Duplication will exist for some regions and deficiencies for others. There are two
types of inversions. In pericentric inversions, breaks occur in both arms. In paracentric inversions, the
two breaks occur on the same arm. The frequency of inversions in couples having repetitive abortions
is low; perhaps less than 1%.
Females with a pericentric inversion have a 7% risk of abnormal liveborns; males carry about a 5%
risk.65 Pericentric inversions ascertained through phenotypically normal probands are less likely to
result in abnormal live infants, presumably reflecting the lethality of unbalanced products. Pivotal is
whether crossing over occurs within the inverted segment. If so, this lends to imbalance in gametes.
The clinical outcome is paradoxical. Inversions involving only a small portion of the total chromosomal
length are usually lethal because when recombination occurs they yield large duplications or deficiencies. By contrast, in larger inversions (30–60% of the total chromosomal length) embryos are more
likely to survive because imbalance is less. On a molecular level inversions less than 100 Mb appear not
to exert undue untoward outcomes.66 There were no recombinants in one tabulation when inversion was
less than 50 Mb (40% of chromosome) length, and only a few for inversions around 50 Mb (40–50% of
length); a much higher number occurred when the inversion was greater than 100 Mb.66
Data are limited on recurrence risk involving paracentric inversions. Theoretically, there should
be almost zero risk of unbalanced products of clinical consequence than with pericentric inversions
because nearly all paracentric recombinants should be lethal. However, both abortions and abnormal
liveborns have been observed within the same kindred. The risk for unbalanced viable offspring has
been tabulated to be 4%.67
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Future Directions in Identifying Genetic Explanations for Pregnancy Loss
We have emphasized that 50–80% of first trimester abortuses show chromosomal abnormalities. In
addition, microdeletions and microduplications (<1 Mb) can be detected by array CGH given higher
resolution than karyotypes used simply to exclude aneuploidy.11
Casual logic has led some to conclude that the 20–50% of pregnancy losses not showing overt
chromosomal abnormalities must be of “nongenetic etiology”. However, this deduction would be incorrect
because Mendelian and polygenic/multifactorial disorders universally fail to show chromosomal abnormalities. Indeed, single gene and polygenic etiologies more commonly explain congenital anomalies in
liveborns than do chromosomal abnormalities. Thus, it would be illogical to assume that Mendelian and
polygenic/multifactorial factors do not play pivotal roles in embryonic mortality. The difficulty is that few
of the doubtless many genes required for differentiation have been identified. A myriad of potential candidate genes exist and are shown by animal studies, but difficulties in performing studies in humans exist.
Embryos that abort because of Mendelian or polygenic factors may or may not show structural anomalies. Lack of cytogenetic data on dissected specimens has made it difficult to determine the exact
role that noncytogenetic mechanisms play in early embryonic maldevelopment. However, a structural
anomaly found in an abortus having a normal chromosomal complement is still consistent with genetic
etiology. Philipp and Kalousek68 correlated the cytogenetic status of missed abortions with morphological abnormalities as observed at embryoscopy. Embryos with chromosomal abnormalities usually
showed one or more external anomalies, but some euploid embryos also showed anatomical anomalies.
As the cost of sequencing plummets, whole exome sequencing or even whole genome sequencing will
be applied to analysis of abortuses, and causative genes found. Recall that of the 22,000 human genes,
function is known for only 5000–7000. It can be confidently predicted that many of the “unknown”
genes code for embryonic or fetal development.
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Debate: Should Fetal Karyotyping Be Performed
in Recurrent Pregnancy Loss? Yes
Howard J. A. Carp

Investigation of the embryonic chromosomal status in RPL allows an accurate diagnosis to be reached,
affects the patient’s subsequent prognosis and influences the treatment. In clinical practice the patient
usually represents in the interval in between pregnancies, and often no information is available about the
chromosomal status of previous miscarriages. Lack of information regarding the karyotype leads to inaccurate diagnosis. Embryonic chromosomal aberrations account for between 25% and 60% of recurrent
miscarriages.1–5 Dhillon et al.6 have shown in a metaanalysis that chromosomal microarrays can detect
an additional 13% of genetic abnormalities in the abortus than can conventional karyotyping. Moreover,
embryonic chromosomal aberrations have been found in the presence of other presumptive causes of
pregnancy loss. In antiphospholipid syndrome, two series have reported incidences of 20%7 and 40%.2
Carp et al.8 have reported four chromosomal aberrations in patients with hereditary thrombophilias. In
a series by Carp et al.,3 trisomies were the most common form of aberration, occuring in 66.7% of
chromosomally aberrant embryos, with trisomies 21, 16, and 18 being the most common, followed by
monosomy X and triploidies. However, since the publication of that series numerous other aberrations
have been seen.
Until recently standard banding techniques were used to diagnose genetic aberrations. However, banding techniques can only assess structural and numerical chromosomal rearrangements, and are liable to
fail due to contamination, culture failure or overgrowth of maternal cells, and so on. Multiplex fluorescence in situ hybridization (M-FISH)9 has been used to try to overcome these problems. The technique
may allow additional genetic diagnoses to be made, such as uniparental disomy or skewed X chromosome inactivation.10 Recently it has been possible to assess the entire genome by comparative genomic
hybridization (CGH), usually incorporated into a microarray. If the patient presents between pregnancies
with no information as to the chromosomal status of previous miscarriages, it may be possible to retrieve
this information. Although the karyotype of previous miscarriages may not have been investigated, histological slides, and paraffin blocks are usually available from previous miscarriages. These blocks and
slides have been used to extract DNA which can then be analyzed by CGH-based microarrays, as previously described.11–13 Array-CGH may also be useful in detecting submicroscopic chromosomal changes
in the parents with unexplained RPL and the abortuses hitherto reported to have normal karyotypes.14
Hence, it is not possible to reach an accurate diagnosis of the cause of recurrent miscarriage unless the
chromosomal status of the fetus is determined.
Karyotyping of the abortus allows the patient to be given prognostic information regarding subsequent
pregnancy outcomes. Warburton et al.14 summarized 273 women who had abortuses karyotyped. They concluded that, after a previous trisomic miscarriage, the prognosis is favorable. Two subsequent studies2,3 have
examined the outcome of the subsequent pregnancy according to the karyotype of the miscarriage. In a
series by Ogasawara et al.2 (Figure 4.1), there was a statistically significant trend for a patient with an aneuploidic abortion to have a better prognosis. The same trend was apparent in a series by Carp et al.3 In women
with three miscarriages and an aneuploidic miscarriage, reassurance of a good prognosis may be sufficient,
and save the patient more extensive investigations and treatment of dubious value. This may not be the case
in euploid abortions. The better prognosis after an aneuploid abortion is entirely logical as fetal aneuploidy
is due to a fetal cause. Hence there is a greater chance that in a subsequent pregnancy, with a new embryo,
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FIGURE 4.1

Outcome of subsequent pregnancy according to fetal karyotype.

the next fetus will be euploid. However, an euploid abortus indicates that the cause of miscarriage is more
likely to be maternal, hence the same problem is liable to return in a subsequent pregnancy thus worsening
the prognosis. Any prognosis is empirical if the karyotype of the abortus is unknown.
Fetal karyotyping has been assessed in a subsequent abortion in a study by Sullivan et al.5 Of 30
patients with an aneuploid abortion, only three (10%) had a subsequent aneuploid abortion. In the
author’s series (unpublished) 43 abortuses were found to be aneuploid, and a subsequent abortion was
karyotyped. Only eight of the 43 abortuses were aneuploid (19%). Hence, only approximately 15% of
aneuploid abortions will be followed by a subsequent aneuploid abortion. Eighty-five percent of patients
with an aneuploid abortion can be assured that the prognosis is good, and that the aneuploid abortion
may be a chance occurrence. However, the other 15% may have a recurring cause of fetal aneuploidy, and
can be offered pregestational diagnosis.
Fetal karyotyping also directs treatment. If the fetus is aneuploid, pregestational screening (PGS) can
be used to give the mother a euploid embryo. However, if the fetus is normal, the maternal environment
requires treatment. As all previous maternal treatment modalities have ignored the fetal karyotype, fetal
aneuploidy has confounded the results of treatment directed to maternal factors. Hence, there are debates
in this book as to whether hormone supplementation, thromboprophylaxis, immunopotentiation, and so
on, should be used. Additionally, the place of surgery for uterine anomalies, and treatment of antiphospholipid syndrome are equally debatable. If these treatment modalities had only been used in patients
miscarrying euploid embryos, the above mentioned therapies might be found to be efficacious, and their
place might need no debate. The role of PGS is also controversial. When PGS is used on unselected
patients with recurrent miscarriage, it has also been reported to be of little value.15,16 It is our opinion that
PGS has a place,17,18 but that the place is limited to patients with repeat aneuploidies.
We have seen a 42-year-old patient with three consecutive aneuploid abortions. Her details are given
in Figure 4.2. If fetal karyotyping had not been performed she would have been recommended paternal
leucocyte immunization or immunoglobulin at that time. However, as the karyotype was available, immunotherapy would probably not have increased her chance of a live birth. In view of the advanced maternal
age (increasing the likelihood of chromosomal aberrations), and the possibility that all the embryos may
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Age 42, Obstetric history is as follows:
1st Pregnancy Artificial Abortion
2nd Pregnancy Normal Delivery, ♀ 3400 g
3rd Pregnancy Normal delivery ♂ 3500 g
4th Pregnancy Blighted ovum.
5th Pregnancy Left ectopic pregnancy, treated conservatively with Methotrexate
6th Pregnancy Blighted ovum
7th Pregnancy Terminated artificially at 20 weeks for 47 XXX, fetal karyotype
8th Pregnancy Biochemical pregnancy
9th Pregnancy Missed abortion 10 weeks, after treatment with aspirin & progesterone supplements. Fetal karyotyping showed a 48XX karyotype with both 14 and 15 trisomies
10th Pregnancy Missed abortion at 10 weeks. Fetal karyotyping showed 22 trisomy.
Previous investigations showed no maternal cause for miscarriage.
Parental karyotype 46XX/ 46XY
Treatment advised—ovum donation in view of; advanced maternal age, increasing chance of subsequent aneuploid abortion, impossibility for screening all 23 chromosomes at PGS. And low
possibility of conceiving at IVF.

FIGURE 4.2 Patient with recurrent aneuploidy.

be aneuploid at PGS, she was advised ovum donation. These poor prognosis patients are outside the normal guidelines for treatment, and do not have the good prognosis of 70–75% as other patients. However,
they still require appropriate management which rests on accurate diagnosis.
Chromosomal aberrations are often suspected to have a recurring basis due to either a structural
anomaly, such as reciprocal or Robertsonian translocations, inversions, or mosaicism for numerical
aberrations. Parental chromosomal aberrations have been found in 10.8% of recurrently aborting
women in the author’s series,19 but the usually quoted prevalence is 3–5%.20–22 If a parental chromosomal aberration is found, this is usually assumed to be the cause of recurrent miscarriage. However,
parental karyotyping does not provide a diagnosis or prognosis, neither does it direct treatment. Carp
et al.23 have karyotyped 39 abortuses from recurrently miscarrying couples, with parental karyotypic
aberrations. Seventeen of the 39 (26%) were euploid. Another 10 (26%) had the same balanced translocation as the parent. Hence 69% were chromosomally normal. Only five (13%) abortuses had unbalanced translocations, whereas seven (18%) of the abortuses had subsequent abortuses with numeric
aberrations unrelated to the parental chromosomal disorder, (5 trisomies, 2 monosomy X).
Parental karyotyping does not provide a prognosis. Four papers,19,24–26 have looked at the subsequent
live birth rate in patients with recurrent miscarriage and parental chromosomal rearrangements. These
are summarized in Table 4.1. Taken together, the live birth rate was 53.6% for patients with a mean of
TABLE 4.1
Subsequent Live Birth Rate with Parental Chromosomal Aberrations

Pregnancies
Live births
Proportion live births
Mean No. miscarriages

Carp et al.19

Goddijn et al.25

Stephenson
and Sierra26

Sugiura-Ogasawara
et al.24

75
33
44%
4.23

42
30
70%
3.9

58
41
71%
5.4

47
15
32%
2.9

Total
222
119
53.6%
4.19
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4.19 previous miscarriages. This live birth rate of 53.6% was somewhat higher than the expected rate
for patients with 4.19 miscarriages, according to numerous series in the literature,27,28 and may reflect
the fact that patients losing aneuploid embryos have a better prognosis than patients losing euploid
embryos.
Parental karyotyping, in addition to being nondiagnostic or prognostic, does not indicate treatment.
Musters et al.29 used parental structural chromosome aberrations as a basis for comparing pregestational
diagnosis (PGD) to natural conception recurrent miscarriage. There were no randomized control trials
for analysis. Seven studies were identified on the outcome after natural conception and five studies on the
outcome after PGD. As expected, PGD lowered the incidence of miscarriage; however, due to the lower
pregnancy rate after PGD, there were fewer live births. After natural conception, there were 42% live
births in the first pregnancy (average miscarriage rate 28%). After PGD, there were 35% live births (average miscarriage rate 9%). Hence, parental karyotyping could not be used as the basis for recommending
PGD to increase the live birth rates in couples with recurrent miscarriage and a structural chromosome
abnormality.
Therefore, chromosomal analysis of the abortus seems the most important single investigation for
the assessment of recurrent miscarriage, as recommended by the Royal College of Obstetricians and
Gynaecologists in their 199830 guideline, revised in 2011.31 We find this test invaluable, and its absence
leads to an incomplete diagnosis, inaccurate prognosis, and possibly wrong advice as to management.
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Introduction
The first report of a chromosomal abnormality in aborted material was of a triploidy in spontaneous
abortion, four decades ago by Penrose and Delhanty.1 It took several years before cytogenetic analysis of
miscarriage became an option in laboratories, due to the difficulties of culturing fetal tissue. The development of techniques, which allowed chorionic villi to be used for “long-term cultures,” and later “direct
preparation of metaphases from villi,” revolutionized the cytogenetic analysis of products of conception.
Since then it is debatable whether it is either clinically justifiable or psychologically essential to determine the cause of pregnancy loss for counseling about further pregnancies. The crucial role of chromosomal imbalance in abnormal early human development is well established. It has been suggested that
most chromosome abnormalities result in disordered development incompatible with prolonged intrauterine survival and live birth. The mechanism by which a chromosome abnormality could lead to regression of the conceptus is unclear. Approximately 50−60% of first trimester spontaneous abortions have
karyotypic abnormalities, mainly numerical such as autosomal trisomy, monosomy X, and polyploidy.
This conclusion is based on the results of cytogenetic studies conducted in laboratories throughout the
world.2 The majority (90%) of karyotypically abnormal pregnancies miscarry in the first trimester, and
the majority (93%) of karyotypically normal pregnancies continue.3 Most chromosomal abnormalities
that result in spontaneous abortion are random events, and may be associated with recurrent spontaneous
abortion. However, even in recurrent spontaneous miscarriage, parental carriership is found in 4–6%.4–5

Cytogenetic Abnormalities
Cytogenetic evaluation of sporadic spontaneous abortions has shown that 50–60% are chromosomally
abnormal. This means that about 5–10.5% of all pregnancies result in sporadic abortions caused by chromosomal abnormalities. Pregnancy loss of chromosome origin is uncommon after 15 weeks gestation;
therefore, this chapter concentrates on first trimester miscarriages. Fetal de novo chromosomal abnormalities are a major cause of sporadic first trimester spontaneous abortions, and some cases of recurrent miscarriage might be caused by repeat fetal chromosomal abnormalities. Although tissue sampling,
culture technique, and direct preparation of chorionic villi have improved over time, the rate of chromosomal abnormality has remained similar with a detection rate of 49%. Numerical abnormalities are
found in approximately 86% of these, with trisomies being the most frequent (52%) (trisomies 6, 13, 18,
21, and 22), followed by polyploidy (21%) and monosomy X (13%). Structural chromosome abnormalities can be classified as deletions, translocations, inversions, and duplications, but only translocations
and inversions play a role in miscarriages. Structural chromosome abnormalities occur in less than 5% of
chromosomally abnormal abortuses. In approximately 8% of cases, other chromosome abnormalities are
found including double and triple trisomies (accounting for about 1.4% and 0.05%, respectively). These
figures have remained constant over time, and independent of the culture method used or the success
rate, which is now reported to be approximately 90%.2,4,6 The recurrence risk of another miscarriage is
not, or only slightly elevated (16%) when compared to the initial risk for all women (10–15%), and thus
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routine karyotyping of fetal material in miscarriages is thought not to be worthwhile and unnecessary.4
Furthermore, it should be noted that karyotyping of abortuses has many pitfalls including the possibility
of maternal tissue contamination, failure to seek other causes of RPL if cytogenetic assessment reveals
an abnormal karyotype and the occurrence of non-cytogenetic embryonic abnormalities.7 The recurrence
risk of numerical abnormalities is low, so karyotyping of fetal material in case of a miscarriage does not
seem to be worthwhile in daily practice. Half of the structural abnormalities may be inherited from a parent carrying a balanced chromosome translocation or inversion. This type of chromosomal abnormality
would be found by parental karyotyping, however, based on the published literature, opinions are still
divided regarding the incidence of carrier status, and if it is higher after three miscarriages rather than
after two miscarriages. The Royal College of Obstetricians and Gynaecologists8 recommends chromosome analysis after three miscarriages, whereas the American Society of Reproduction Medicine,9 recommends chromosome analysis after two miscarriages. However, parental karyotyping is expensive and
does not always give valuable information; therefore, its use could also be avoided in many couples.10–11

Prognosis
The presence of a cytogenetic abnormality in miscarriages explains the loss. However, in most couples
with recurrent pregnancy loss, thorough evaluation, including parental karyotype testing will be negative.
Therefore, the majority (approximately 50–75%) of couples with recurrent pregnancy loss have no definitive diagnosis. Live birth rates of between 35% and 85% are commonly reported in couples with unexplained recurrent pregnancy loss who undergo an untreated or placebo-treated subsequent pregnancy.
Meta-analysis of randomized, prospective studies suggests that 60–70% of women with unexplained
recurrent pregnancy loss will have a successful next pregnancy.12 Recurrent pregnancy loss may be due to
an abnormal embryo, which is incompatible with life. As the number of miscarriages increases, the prevalence of chromosomal abnormality decreases, and the chance of recurring maternal cause increases.13–14
Thus, many couples will view the prognosis as favorable.

Laboratory Technique
Conventional cytogenetic analysis of spontaneous abortion tissue is strongly dependent on tissue culturing and is associated with a significant culture failure rate, which varies from 5% to 42% in different
laboratories. The banding technique for karyotyping can only assess structural and numeric rearrangements. It is laborious and liable to fail as a result of contamination, culture failure, or overgrowth of
maternal cells. The mechanism of cell death in vitro has not been sufficiently investigated. Consequently,
culture failure is common. Another possible disadvantage of the (semi-) direct preparation is the discrepancy that may occur between embryonic and chorionic villus cells. Such a discrepancy might be due to
mosaicism only being found in placental tissue, that is, confined placental mosaicism. It is possible to
assume that tissue culture failure is a marker of particular genomic imbalances incompatible with normal cell proliferation. If this hypothesis is true, then the standard cytogenetic analysis of spontaneous
abortions may underestimate the frequency and diversity of chromosomal abnormalities. Thus, the fetal
karyotype may not be represented correctly by the villous karyotype. The estimated percentage of mosaicism is 1–2% for (semi-) direct chromosome preparation in chorionic villous sampling. In view of these
difficulties, it has been argued that other more sophisticated tests such as Comparative Chromosomal
Microarray Analysis (CMA), aCHG may overcome these problems and allow additional genetic diagnoses to be made, such as uniparental disomy or skewed X chromosome inactivation. As CMA does
not require dividing cells, it can be useful in fetal demise with culture failure.15 In a recent study of
samples from stillbirths, single nucleotide polymorfism (SNP) oligonucleotide microarray analysis has
been found to be more likely to yield results than karyotype analysis (87.4% versus 70.5%, p < 0.001)
and provided better detection of genetic abnormalities (aneuploidy or pathogenic copy number variants,
8.3% versus 5.8%; p = 0.007).16 CMA may also be useful in the future as a diagnostic tool, instead of
parental and/or abortus’ karyotyping, when more data will be accessible and when the cost decreases.
Further investigations of CNVs (Copy Number Variations are alteration of the DNA results in the cell
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having an abnormal or normal variation in the number of copies of one or more sections of the DNA),
particularly those involving genes that are imprinted in the placenta, in women with RPL may be worthwhile. However, it should be noted that, at present, there are few data on the use of CMA in recurrent
miscarriage. Current available guidelines for genetic evaluation and counseling of couples with recurrent
miscarriage state that the use of specialized chromosomal studies such as comparative genome hybridization, subtelomeric studies, interphase studies on sperm and assays for skewed X-inactivation patterns
are not warranted at this time, as their clinical utility has yet to be determined. Hence, current laboratory
techniques prevent fetal karyotyping as a routine clinical test, and CMA techniques are still too expensive with little supportive evidence based data in RPL.
Below are some consensus remarks from various sources regarding fetal karyotyping.

Consensus Remarks
Gynecologists, obstetricians, and fertility specialists from 18 countries participated in a 3-day
workshop held in Denmark in 2002–2005.17
Improved techniques in cytogenetics have permitted more accurate and reliable assessments of the
products of conception. Given these improvements in our diagnostic ability, it is even more important
that every effort be made to study the products of conception in every case of miscarriage in therapeutic
trials so that a more valid evaluation can be made regarding the efficacy of the experimental treatment”.
They do not recommend karyotyping of abortus material.
National Society of Genetic Counselors—200510
Parental karyotyping is expensive and does not always give valuable information; therefore, its use
could be avoided in many couples.
Royal College of Obstetricians and Gynaecologists—20118
“Cytogenetic analysis should be performed on products of conception of the third and subsequent consecutive miscarriage(s). Parental peripheral blood karyotyping of both partners should be performed
in couples with recurrent miscarriage where testing of products of conception reports an unbalanced
structural chromosomal abnormality.”
(This statement is under Category D [based on non-analytical studies and expert opinion]). The college concluded—Cytogenetic testing is an expensive tool and may be reserved for patients who have
undergone treatment in the index pregnancy or have been participating in a research trial.
American Society of Reproductive Medicine—20129
“Testing of the products of conception may also be of psychological value to the couple, however, there
are many pitfalls to this approach including the possibility of maternal contamination of the specimen,
failure to seek other causes of RPL if the cytogenetic assessment reveals an abnormal karyotype and the
occurrence of non-cytogenetic embryonic abnormalities.”

Concluding Remarks
A. The recurrence risk of another miscarriage is not, or only slightly elevated (16%) when compared to the initial risk of all women (10–15%), and thus routine karyotyping of fetal material
in miscarriages is thought not to be worthwhile or necessary in daily practice.
B. More than half of abortuses have normal chromosomes, while most of the abnormal chromosomes are numerical abnormalities (86%), in which trisomies of various chromosomes occur
in more than 2/3 of these, giving rise to a randomly occurring effect.
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C. Furthermore, with so many possible causes for recurrent miscarriage, it would be tempting to
think that the prognosis for those women whose recurrent miscarriages are unexplained (more
than half) is dire. But three quarters of these women will go on to have a successful pregnancy
if offered nothing more, and nothing less, than tender love and care, and reassurance through
ultrasound that nothing is abnormal.
D. The current technical tissue culturing in use of conventional cytogenetic analysis of the abortus is laborious and subject to problems such as external contamination, culture failure and
selective growth of maternal cells, which varies from 5% to 42%. As current rates of chromosomal abnormalities have remained constant over time, and are independent of the culture
method used in most laboratories, (even with the current success rate of 90%), there is no
benefit to the use of such method.
E. CMA may be useful in the future as a diagnostic tool, instead of parental and/or karyotyping of the fetus, when more data are available, and when the cost decreases. However, CMA
analysis is not warranted at this time.
F. The summaries of several major Consensus papers, quoted above, do not advise routine karyotyping of the embryo in recurrent pregnancy loss.

Consequently, one must conclude that there is no clinical justification, nor any psychological benefit
for fetal karyotyping. This conclusion is well supported throughout this in-depth current literature survey, as well as in these consensus clinical guides of the leading professional societies.
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Spontaneous pregnancy loss can be due to several factors either maternal or fetal. Embryo/fetal chromosomal abnormalities are the most common factor involved in spontaneous miscarriages, accounting
for about 50% of all pregnancy losses before the 15th week of gestation.1 The term recurrent pregnancy loss (RPL) is widely accepted as the loss of two or more pregnancies from the same partners,
and affects up to 5% of couples of reproductive age.2 Common causes for RPL are immunological,
endocrine, anatomic, or genetic factors, but about 50% of RPL cases still remain unexplained, or idiopathic. In this group of patients, fetal chromosomal abnormalities have been reported to be the most
common cause of RPL, accounting for up to 55% of cases, thus leaving a remainder of 24.5% of truly
unexplained RPLs.3
It has been proposed that couples suffering from idiopathic RPL who generate chromosomally abnormal embryos ending in miscarriage should undergo preimplantation genetic screening (PGS) in order
to overcome this problem. PGS analyzes the chromosomal status of the embryo before embryo transfer,
therefore only chromosomally normal embryos are placed into the maternal uterus. By transferring
euploid embryos, free of chromosome abnormalities, PGS aims not only to increase pregnancy and
implantation rates in infertile patients, but also to reduce the miscarriage rate in RPL patients, and to
dramatically decrease the risk of having aneuploid offspring. Several years ago there was a significant
debate about the usefulness of PGS because none of the randomized studies showed a clear benefit for
the use of this technique (reviewed in Mastenbroek et al., 2011).4 However, these negative results were
due to the technical limitations of the fluorescence in situ hybridization (FISH) which was used at the
time, and only allowed a limited number of chromosomes to be analyzed, and poorer embryo biopsy
techniques and culture conditions than those available today.5–8
There is increasing evidence supporting the use of PGS in idiopathic RPL patients. In a study published by Bianco et al.,9 in which prenatal diagnosis was performed in 46,939 women, an increased risk
of karyotypic abnormalities was confirmed in the products of conception in idiopathic RPL patients.
The first evidence demonstrating that RPL couples have an increased number of chromosomally abnormal embryos (ranging from 50% to 80%) was published by our group in 1998,10 and these results were
later confirmed by other studies.11–17
Using FISH for chromosomes 13, 15, 16, 18, 21, 22, X, and Y to select chromosomally normal embryos
for transfer demonstrated that reproductive outcome is improved by PGS.11 Our studies demonstrate
that, after PGS, significantly higher implantation rates were obtained in couples who previously suffered
aneuploid miscarriages. Secondly, similar embryo aneuploidy, pregnancy, and implantation rates were
recorded in couples with RPL after fertility treatments as in those with previous spontaneous pregnancies. Thirdly, there were no miscarriages after PGS in couples in which the FISH assay first showed that
the male partner’s sperm was abnormal. Finally, lower implantation rates are observed in couples with ≥5
previous miscarriages, which is associated with a lower incidence of chromosomally abnormal embryos.
We concluded that PGS should be recommended when RPL is associated with chromosomopathy in
up to five previous miscarriages, and when there is a high incidence of chromosomal abnormalities in
sperm.11
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In fact, a systematic review of the evidence for the efficacy of PGS in patients with idiopathic RPL
versus controls not undergoing PGS suggested that the miscarriage rate might be lower after undergoing
PGS.18 The technology has continued to evolve and it is now possible to assess all 24 human chromosomes using a new strategy known as comprehensive chromosomal screening (CCS) that overcomes
the limitations of FISH. Several approaches towards 24-chromosome analysis have been developed,
with array-comparative genomic hybridization (array-CGH) being the preferred diagnostic approach for
aneuploidy screening.19,20 In fact, IVF programs are moving towards PGS using array-CGH as the first
option for CCS.21–26
Array-CGH analysis can be performed on the three cell types that can be biopsied: polar bodies,
day-3 embryo blastomeres, or throphectoderm cells. In all three cases, DNA needs to be amplified and
the quality of the process must be ensured (e.g., by gel electrophoresis). Following this, the amplified
samples and control DNAs are labeled with Cy3 and Cy5 fluorophores following the manufacturer’s
instructions. Labeling mixes are combined and hybridized onto the arrays; each probe is specific for a
different chromosomal region and occupies a discrete spot on the slide. Chromosomal loss or gain is
revealed by the color adopted by each spot after hybridization. The technique involves the competitive
hybridization of differentially labeled test and reference DNA samples, the fluorescence intensity is
detected using a laser scanner, and specific software is used for data processing. The entire protocol can
be completed in less than 24 hours. Therefore, embryo transfer and the vitrification of surplus euploid
embryos can be scheduled on day-5 when day-3 biopsies are performed, or on day-6 for trophectoderm
biopsies.
In a recently published retrospective case-control study which included CCS in cycles for RPL
patients with a day-3 biopsy and an array-CGH, the implantation rate in the CCS group was clearly
higher when compared to the control group (52.63% vs. 19.15%; p = 0.001), the clinical pregnancy rate
was also higher (69.23% vs. 43.91%, p = 0.0002), the ongoing pregnancy rate almost doubled (61.54%
vs. 32.49%, p = 0.0001), the multiple pregnancy rate decreased (8.33% vs. 34.38%, p = 0.0082) and the
miscarriage rate showed a lower trend (11.11% vs. 26.01%, p = 0.13). The authors concluded that CCS
on cleavage-stage embryos using the array-CGH approach was a feasible and safe option for aneuploidy
screening in idiopathic RPL.27
In the last three years, we have performed 329 array-CGH cycles with day-3 biopsies on couples
with two or more previous miscarriages. In RPL patients below 38 years of age, 62.6% of the embryos
were identified as chromosomally abnormal; in 80.0% of the cycles we were able to select a euploid
embryo for transfer, with a mean number of 1.6 (SD 1.0) embryos transferred. The clinical pregnancy
rate per transfer was 60.0%, with an implantation rate of 47.0%, and a miscarriage rate of 11.7%. In
RPL women ≥38 years of age, the number of aneuploid embryos was significantly increased to 83.7%
(p < 0.05), with euploid embryos suitable for transfer remaining in 56.4% of the cycles, and a mean
number of 1.3 (SD 1.0) embryos transferred. The clinical pregnancy rate per transfer for women with
RPL and advanced maternal age was 52.2%, the implantation rate was 50.3%, and the miscarriage rate
was 10.0%. These results showed a clear benefit of 24-chromosome screening in couples with RPL
(data not published). Furthermore a retrospective study comparing PGS using FISH analysis for nine
chromosomes versus PGS using array-CGH for 24 chromosomes in RPL patients, showed a significant
increase in the pregnancy rates per transfer and pregnancy rates per initiated cycle in the array-CGH
group versus FISH.28
In summary, accumulated evidence has demonstrated that chromosomal abnormalities are a major
cause of RPL of unknown etiology, and clinical results have demonstrated a reduction in the miscarriage
rate of RPL patients undergoing PGS, which is even greater when using a CCS technique. Regardless of
the strategy used to prevent RPL, in the case of any miscarriage, both the routine tests used to evaluate
women with RPL,29 and a comprehensive chromosomal analysis of the products of conception should
be carried out in order to identify which patients can benefit from PGS.
To properly demonstrate the clinical usefulness of CCS in RPL patients, a proper randomized
controlled trial should be conducted; however, this may prove difficult because previous results
from these patients have shown a reduced miscarriage rate, as presented in this chapter. Therefore,
based on the data shown here, we conclude that PGS using a CCS approach reduces miscarriage
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rates when applied to RPL patients. Therefore we recommend that CCS should be used for all RPL
patients.
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7
Debate: Should Preimplantation Genetic
Screening or Preimplantation Genetic Diagnosis
Be Performed in Recurrent Pregnancy Loss? No
Anna M. Musters and Mariette Goddijn

Introduction
The management of recurrent miscarriage (RM) is a clinical challenge considering that in the majority of the couples no evidence based treatment is available to increase live birth rates or decrease
miscarriage rates. Unexplained pregnancy loss is a diagnosis of exclusion, and is used when no aetiological factor is found on routine investigation.1 It is not a definitive diagnosis. Although there is
no effective therapy for unexplained pregnancy loss, the condition is so distressing for the affected
couple and frustrating for the clinician that nonevidence based diagnoses and treatment are often
proposed rather than adhering to guidelines that state that treatment for these couples may not be
indicated.2
Preimplantation genetic screening (PGS) has been proposed as a treatment for couples with unexplained RM as the aneuploidy of the embryo may be the cause of the miscarriages in a substantial
number of patients. The prevalence of fetal chromosome abnormalities is 45% in couples with a single
sporadic miscarriage.3 This prevalence is based on 13 studies including 7012 miscarriage samples. The
prevalence of fetal chromosome abnormalities in women experiencing a subsequent miscarriage after a
preceding miscarriage is comparable: 39% (based on 6 studies, including 1359 samples).3 Additionally,
preimplantation genetic diagnosis (PGD) has been proposed as a treatment for couples suffering from
recurrent miscarriage and diagnosed with parental structural chromosome abnormalities. Both PGS in
unexplained recurrent miscarriage and PGD for parental structural chromosome abnormalities will be
discussed in this chapter.
Women with RM are eager and willing to try any form of treatment.4 In this debate we shall attempt
to show that the use of PGS or PGD is unwarranted due to the requirement for invasive techniques
(in vitro fertilization (IVF)/intra-cytoplasmic sperm injection (ICSI)), the fact that couples with RM
already have a high live birth rate without intervention, and there is no improvement in live birth rates
with PGS or PGD in these couples.

Preimplantation Genetic Screening
PGS is an intervention that has been proposed to increase pregnancy rates and also to lower miscarriage
rates by preventing fetal aneuploidy. In PGS, embryos are selected for transfer based on the chromosomal status of a single blastomere biopsied from that embryo, polar body biopsies, or trophectoderm
biopsies from day-5 blastocysts.5–7 In 2007, a trial revealed that in women of advanced maternal age
the application of PGS in fact decreased pregnancy rates.8 The results showed a decreased ongoing
pregnancy rate of 24% in the PGS group compared to 35% in the control group (rate ratio: 0.68; 95%
CI: 0.50–0.92). These findings continued to be reconfirmed in a meta-analysis including nine randomized controlled trials (RCTs).9
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Should Preimplantation Genetic Screening Be
Performed in Documented Fetal Aneuploidy?
Opinions differ as to the usefulness of karyotyping in miscarriage samples for routine clinical practice.
There is no clear relevance for clinical decision making, but a fetal genetic test result may provide information for the woman or couple in question.3 It has been suggested that PGS should be offered only to
couples with documented aneuploid miscarriages. However, three studies have shown that these patients
even have a better prognosis than those with euploid miscarriages.10–12 In these documented aneuploid
cases, it is unlikely that PGS will increase the chance of a live birth, but this has not been substantiated.
Results obtained from observational studies must always be analyzed with caution since most of these
patients, especially young women, have a good chance of a subsequent live birth.
In cases of recurrent fetal aneuploidy, it should be kept in mind that fetal aneuploidy determined at
seven to eight weeks gestational age after the occurrence of a miscarriage is not similar to the determination of aneuploidy tested in one single cell or two cells at the very early embryonal stage, and does
not legitimize the use of PGS. Diploid aneuploid mosaicism is the most common chromosomal constitution in spare human preimplantation embryos after IVF. A reliable determination of the ploidy status
of a cleavage-stage embryo based on the analysis of a single cell is therefore not feasible.13 Whether
aneuploidy is tested by a blastomere biopsied from that embryo, or polar body biopsies, or trophectoderm biopsies from day-5 blastocysts is irrelevant.5–7 Chromosome techniques might differ in their
aneuploidy detection rate, for example, whole genome analysis with array comparative genome hybridization (aCGH) can potentially detect larger numbers of aneuploidies compared to fluorescence in situ
hybridization (FISH) analysis. Additionally, aCGH analysis may discover chromosomal variations of
unknown significance (VOUS). At present VOUS embryos are not replaced, thus a certain number of
normal embryos may be discarded, again compromising the subsequent live birth rate.

Should Preimplantation Genetic Screening Be Performed in
Women with Unexplained Recurrent Miscarriage?
Couples with unexplained RM have been suggested as candidates for PGS. The rationale behind the use
of PGS in cases of unexplained RM is that aneuploidy of the embryo, although not assessed, may be the
cause of RM.14–18 Since PGS is invasive and requires in vitro fertilization, the claim that PGS increases
the live birth rate should be substantiated beyond reasonable doubt before PGS is introduced into daily
clinical practice. However, PGS is currently performed in RM worldwide.19 Data from the European
Society of Human Reproduction and Embryology (ESHRE) PGD consortium shows an increase of
PGS cycles for couples with RM from 285 in 2003 to 2100 in 2009.19,20 The current guidelines from this
consortium do not give a recommendation in favor or against PGS for RM couples.19,21 The American
Society of Reproductive Medicine (ASRM) guideline states that the available evidence does not support
the use of PGS as currently performed to improve live birth rates in patients with recurrent pregnancy
loss, because RCTs are not available.22,23
A recent review described four observational studies concerning unexplained RM and PGS.24 The
total number of included couples was 181 and varied from 10 to 58 per study. The mean previous miscarriage rate varied between 2.8 and 4.7 and the mean maternal age varied from 35.4 to 37.6 years. In all
studies the embryos were biopsied at day three of development and one or two blastomeres were aspirated and analyzed. The FISH probes used for aneuploidy screening differed in each study (minimum
of three and maximum of nine probes). Also the number of embryos transferred varied per study; from
single embryo transfer to five embryos per transfer. There was an average of 1.3 cycles (ranging from
1.2 to 1.6 cycles) per couple in the four studies.17,18,24–26 Live birth rates per couple in these four studies
varied between 19% and 46% (mean 35%; median 40%) and miscarriage rate per couple ranged from
0% to 10% (mean 9%; median 9%). After the review was published, a recent study investigated PGS
outcome per cycle in couples with RM—instead of per couple.27 This study used aCGH, and reported a
live birth rate per started cycle of 33% and a miscarriage rate per started cycle of 2%.
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TABLE 7.1
 easons to Advise against Preimplantation Genetic Screening/Preimplantation Genetic Diagnosis in
R
Recurrent Miscarriage
a. Reasons to advise against PGS in women with unexplained RM
No reported higher chances of live birth rate after PGS compared to natural conception
Relatively good pregnancy outcomes after natural conception in women with unexplained recurrent miscarriage
Requirement of invasive techniques (IVF/ICSI)
IVF/ICSI procedures associated with complications and high costs
b. Reasons to advise against PGD in women with RM and parental chromosome abnormalities
Viable chromosomally unbalanced offspring are hardly ever detected through a history of recurrent miscarriage.
Parental karyotyping is no longer considered useful in RM without a family history of the birth of a congenitally
handicapped child
No reported higher chance of live birth rate after PGD compared to natural conception
Relatively good cumulative pregnancy outcomes after natural conception
Requirement of invasive techniques (IVF/ICSI)
IVF/ICSI procedures associated with complications and high costs

A summary of the reasons to advise against PGS in women with unexplained RM is presented in
Table 7.1. No RCTs or even nonrandomized comparative studies have been performed to directly compare
the efficacy of PGS with natural conception for couples with unexplained RM. The need for RCTs on this
topic is evident, considering the increasing numbers of PGS performed for this indication worldwide.19,20

Counseling Women with Unexplained Recurrent Miscarriage
Chapter 22 classifies patients with RM into good, medium and poor prognosis groups depending on the
number of prior miscarriages, and so on. It should be borne in mind that the majority of couples fall
into the “good prognosis” group and have a relatively good future live birth rate after natural conception. Providing patients with an individualized future spontaneous live birth rate28 can be most helpful.
Furthermore, the management of couples with recurrent miscarriage will improve if individualized
support is applied to couples, taking account of their own preferences at the time of miscarriage and
when pregnant again.29,30
It is our moral obligation as physicians to provide women with reliable data from the literature, preferably from well conducted clinical trials. The claim of reproductive medicine units’ websites that PGS
improves pregnancy outcomes is unjustified.
It should be borne in mind that PGS (with blastomere biopsy and FISH technique) performed in
women at advanced maternal age even decreased pregnancy rates compared to women not undergoing
PGS,8,31 which reinforces our obligation to offer PGS with newer techniques like trophectoderm biopsies and aCGH only in the setting of well conducted trials. Currently, PGS using trophectoderm biopsies
from day-5 blastocysts and aCGH is most often applied. Some recent trials have been published using
these newer techniques but these trials have only included women with subfertility and a pre-existing
indication for IVF.32–34 For women with a history of recurrent miscarriage and natural conception, no
clinical trials have been reported to date using these techniques,
With proper counseling, the offering of expensive, invasive, potentially harmful, and nonevidencebased treatments like PGS can be avoided.

Should Preimplantation Genetic Diagnosis Be Performed in Women with
Recurrent Miscarriage and Parental Chromosomal Abnormalities?
PGD has been used as a means of preventing miscarriages in patients with a parental karyotype abnormality. The rationale was to prevent the balanced translocation being passed on to the embryo in an
unbalanced form. Recurrent miscarriage is associated with carrier status of a parental chromosome
abnormality in one of the partners, most frequently balanced chromosome translocations followed by
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chromosome inversions. However, even in the presence of parental chromosomal rearrangements, the
products of conception can be of a normal karyotype, the same karyotype as the carrier parent, or an
unbalanced karyotype. The latter can lead to miscarriage, stillbirth, or the birth of a child with major
congenital impairments.
The risk of viable unbalanced offspring in carrier couples appears to be rather low (0.7%).35,36 Carriers
detected through a history of recurrent miscarriage seem to form a different subgroup and are facing
other reproductive risks than carriers for example, detected through a previous birth of a child with an
unbalanced karyotype or the birth of unbalanced offspring in the family. Viable unbalanced offspring
are hardly ever detected through a history of recurrent miscarriage. The subgroup with recurrent miscarriage is mainly prone to miscarriages and counseling should therefore focus on this risk rather than
on the risk of unbalanced offspring. It has been suggested that PGD should be offered to carrier couples.
The aim of PGD would be to decrease the incidence of offspring with an unbalanced karyotype and
reduce the risk of miscarriages. However, although the theory sounds plausible, review of the data does
not concur. In a recently published systematic review,37 no RCTs or nonrandomized comparative studies comparing the effects of PGD with natural conception were found.38–40 Data could only be derived
from observational studies and case reports. It was concluded that there are insufficient data indicating
that PGD improves the live birth rate in women with carrier couples with RM compared with natural
conception. A retrospective study was published after this review.41 In this study, 192 carrier couples
with RM undergoing PGD were described. PGD was performed with FISH analysis of polar bodies
or blastomeres. Although favorable IVF–PGD results were shown, the study was prone to flaws.42 It is
therefore still important that the couples will be offered appropriate unbiased counseling.
PGD, with its expensive cost, therefore has no place in the treatment of carrier couples with recurrent
miscarriage. In the case of concomitant subfertility leading to an IVF/ICSI treatment, the balance of
outweighing benefits versus risks could be more in favor of a positive decision towards PGD. However,
even in this situation, it should be kept in mind that existing data do not support the use of PGD because
there is no convincing evidence that it improves live birth rates. A summary of the reasons to advise
against PGD in women with RM and a parental chromosome abnormality is presented in Table 7.1.
In fact the evidence for parental chromosomal abnormalities causing viable unbalanced offspring in
carrier couples points to a very low risk, such that parental karyotyping is no longer considered useful
for couples with RM without a family history of the birth of a congenitally handicapped child.35,36,43

Counseling Women with Recurrent Miscarriage about
Preimplantation Genetic Diagnosis
The majority of couples with RM and a parental chromosome abnormality have a relatively good future
(cumulative) live birth rate after natural conception. Providing patients with an individualized future
spontaneous live birth rate can be very helpful.35 Also for these couples, the management and satisfaction may improve if a proper plan is planned for supportive care in a next spontaneously achieved
pregnancy.30 Currently, new knowledge calls for abandoning parental karyotyping in couples with RM
without a family history of the birth of a congenitally handicapped child. Viable chromosomally unbalanced offspring are hardly ever detected through a history of recurrent miscarriage. Logically, there is
no further place for PGD to prevent the negligible chance of unbalanced offspring in these couples.35,36
The claim that PGD reduces miscarriage rates should be viewed in the context of an absence of clinical
trials providing the evidence. With proper counseling the offering of expensive, invasive, potentially
harmful, and nonevidence based treatments like PGD can be avoided.

Conclusions and Recommendations
Most women with RM have a good prognosis after natural conception and a high cumulative live
birth rate.28 By reviewing the literature on PGS and PGD in women with RM, there are insufficient
data to indicate that PGS or PGD improves live birth rates compared to natural conception. There are
insufficient arguments to introduce PGS, with its high costs and potential complications related to the
IVF/ICSI procedures, into the daily clinical practice for couples with unexplained RM. The need for
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comparative studies of high quality is urgent. There is no further place for parental karyotyping in
couples with RM without a family history of the birth of a congenitally handicapped child. As a result,
there is no place for PGD to prevent the negligible chance of unbalanced offspring in these couples.
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Debate: Screening for Chromosomal
Aberrations in Recurrent Pregnancy Loss:
Nonspecific Testing Is Sufficient
Howard Cuckle

Background
Women with recurrent miscarriages are at increased risk of fetal chromosomal abnormalities in subsequent pregnancies. However, apart from known carriers of balanced translocations, the risk is not
high enough to automatically justify invasive prenatal diagnosis. In the past, I have argued that a policy
of continual risk re-assessed using a sequential multiple marker antenatal screening protocol is sufficient.1 In recent years, the potential of screening for common trisomies has been greatly improved by
the use of so-called “noninvasive prenatal diagnosis” methods. I will argue here that this development
far from undermining the basis for continuous screening with conventional markers, actually enhances
such a policy.

Purpose of Routine Screening
Screening for chromosomal abnormalities has the simple aim of identifying pregnancies at sufficiently
high risk of an affected birth to warrant the hazards and costs of invasive testing. On average, chorionic
villus sampling (CVS) and amniocentesis leads to at least 0.5% fetal losses2 although this may vary
according to the skills and experience of the individual operator. In the USA, Medicare reimbursement
for procedural and karyotyping costs are about $1500.3
Local policy and national convention on what counts as sufficiently high risk to warrant invasive
testing has generally emerged from the push and pull of health care providers, reimbursement tariffs,
and professional bodies. Chromosomal abnormalities are relatively rare at birth—about 0.6%, excluding
mosaics, in 70,000 consecutive newborns karyotyped4 —so from the earliest days universal unselective
invasive testing was not considered an option; rather there was selection based on advanced maternal
age and family history of chromosomal abnormality.
The maternal age-specific birth prevalence of Down syndrome increases to 0.11%, 0.26%, 0.98%
and 3.5% by ages 30, 35, 40, and 45 respectively.5 The estimated risk at term for all common autosomal trisomies—Down, Edwards or Patau syndrome—is 0.48% and 1.6% at age 35–39 and 40–44, and
for all chromosomal abnormalities 0.81% and 2.4%, respectively.6 A family history of chromosomal
abnormality confers a much higher risk than this when a maternal balanced translocation is found,7
whilst for paternal carriers and for noncarrier couples there is only a modest excess over their maternal
age-specific risk. With a Down syndrome proband and noncarrier parents the excess at mid-trimester is
0.54% for the same disorder and 0.24% for other aneuploidies.8
Testing these two high risk groups can have little impact on birth prevalence as most chromosomal
abnormalities occur in young women and they are sporadic. This consideration has led to the development of newer methods of selection for invasive testing.
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Conventional Screening Modalities
Beginning in the mid 1980s a series of maternal serum markers of aneuploidy was discovered: human
chorionic gonadotrophin (hCG), the free-β subunit of hCG, α-fetoprotein (AFP), unconjugated oestriol
(uE3), inhibin A, and pregnancy associated plasma protein (PAPP)-A. Meanwhile even more discriminatory ultrasound markers were found: nuchal translucency (NT), nasal bone (NB), tricuspid regurgitation (TR), and ductus venosus (DV).
Various marker combinations, determined concurrently, formed the basis for the first effective screening protocols. The efficacy of a given policy is generally measured by applying a statistical model to
calculate the expected detection rate, proportion of affected pregnancies selected for invasive testing,
and the false-positive rate, proportion of unaffected pregnancies selected. When applied to all women
using a one in 250 term risk cutoff, the norm in the UK, the model-predicted Down syndrome detection
rate and false-positive rate are 68% and 4.2% for the best early second trimester maternal serum combination (Quad test—AFP, free β-hCG, uE3 and inhibin), compared with 82% and 2.4%, respectively, for
the most widely used first trimester combination (Combined test—PAPP-A and free β-hCG at 10 weeks
and NT at 11 weeks).9 In the USA where a 1 in 270 mid-trimester risk cutoff is favored, equivalent to
about one in 350 at term, the corresponding rates are 73%, 5.9%, 84%, and 3.2%, respectively.
The same markers can also detect a large proportion of Edwards syndrome cases; in the second
trimester this requires a separate risk cutoff but in the first trimester most are detected because of
increased Down syndrome risks. Many of the remaining severe but nonlethal chromosomal abnormalities are also detected incidentally because of high Down or Edwards syndrome risks.10 Although even
more are associated with extreme marker levels, particularly NT,11 it is not routine practice to calculate
risks for these other disorders.

Policies for High Risk Groups
Screening was not initially applied to all women but only those not already regarded as high risk based
on age and history. It was argued, most forcefully in the USA, that women in the “traditional” high risk
groups expect to be provided with a diagnostic testing and the offer of a less definitive screening alternative was unfair. Eventually it was recognized that this hybrid policy is inefficient since many women
with potentially low risks were receiving invasive testing, and screening is uniformly offered.
Although women with recurrent miscarriages are at increased risk of a fetal chromosomal abnormality in subsequent pregnancies, this risk is not very great. A study of almost 47,000 women having
invasive prenatal diagnosis found a steady increasing trend in aneuploidy risk according to the number
of previous miscarriages.12 After adjustment for age, parity, and the indication for testing, the odds ratio
compared to no miscarriages was 1.21, 1.26, and 1.51 for 1, 2, and 3 or more miscarriages, respectively.
For a woman aged 30 with recurrent miscarriages this would barely increase the risk to that of women
aged 35 who are no longer considered automatic candidates for invasive testing.
An increased proportion of couples with recurrent miscarriages are carriers of structural chromosomal
rearrangements and it is important to establish their carrier status. In carrier couples subsequent pregnancies are more likely to end in fetal loss13,14 although unbalanced translocations neither account for
the excess of miscarriages15 nor do they contribute much to the overall chromosomal abnormality risk.16

Sequential Screening
Thus purely in terms of aneuploidy risk there is no compelling reason to offer invasive testing automatically to women with recurrent miscarriages, with the possible exception of couples known to have
certain types of translocations. However, there may be an argument in favor of more intensive antenatal
screening than currently provided routinely.
Sequential screening protocols have been developed which considerably increase the detection rate for
Down syndrome and other common trisomies. Attendance for screening is required on two occasions
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which is easier to arrange for women with recurrent miscarriages who already receive continual surveillance. The simplest protocol starts with the first trimester Combined test described above but adopts
an extremely high cutoff risk, selecting a small number for invasive testing. The remainder then have
the second trimester Quad test described above except that all seven first and second trimester marker
levels are incorporated into the calculation of risk. This is a “stepwise” sequential screen. The modelpredicted Down syndrome detection rate and false-positive rate with a 1 in 250 term risk cutoff are
89% and 1.7%.9 Incorporating the newer first trimester ultrasound markers—NB, TR, and DV—would
substantially enhance detection both of the common trisomies and other chromosomal abnormalities.
For example, based on the latest parameters17 routinely adding NB to the risk calculation would improve
the above rates to 95% and 1.1%.
Routine sequential screening is already offered in some programs, such as that provided by the State
of California, but it is not widespread, although increasingly NB is being determined at the time of the
NT scan. For women with recurrent miscarriages it could be argued that stepwise sequential screening
is necessary to yield higher detection and provide greater reassurance. One could go even further by
extending the sequence of tests to include further markers at different times in pregnancy. A continuous
screening protocol is a form of risk re-assessment by turns reassuring many and focusing concerns on
a few with extreme risks.
An extension of the protocol could also be envisaged by incorporating into the risk calculation additional second trimester ultrasound markers. One option is to determine three “facial profile” markers
that can be measured in the same plane as the biparietal diameter: nuchal skin-fold (NF), nasal-bone
length (NBL), and pre-nasal thickness (PT). Modelling predicts that combining these with the Quad test
would yield a detection rate comparable with a standard first trimester Combined test.18
Furthermore, so-called “soft” markers determined by the late second trimester anomaly scan, or
genetic sonogram, could be used to modify the risk. These are not very discriminatory markers of
aneuploidy and it has been estimated that routine screening with them would have a Down syndrome
detection rate of 69% for a false-positive rate of 5%.19 However, some clinicians do use the scan ad
hoc in women with “borderline” risks from first or second trimester screening tests. This is often done
simplistically, whereby the presence of one or more marker is taken to be sufficient to tip the balance in
favor of invasive testing, and the absence of any markers is sufficient to contra-indicate testing. This is
no longer acceptable; instead the prior risk needs to be modified by a series of likelihood ratios derived
from each soft marker.20
Screening is a public health activity and as such requires the definition of cutoff levels in order to
predict use of resources. In practice though, there is often less than strict adherence to the cutoff, which
is merely taken to be a guide to action. Given the high chance of pregnancy failure and the associated
anxiety among women with recurrent miscarriages it might be particularly appropriate to have a loose
interpretation.

Non-Invasive Prenatal Diagnosis
The determination of cell-free (cf)DNA in maternal plasma would appear to be ideal for women with
recurrent pregnancy loss who would naturally want to avoid any iatrogenic losses due to invasive prenatal diagnosis. However, clinicians and patients both need to be aware of the limitations of the new
technology.
It is misleading to consider cfDNA testing as prenatal diagnosis, rather it is a potentially highly
effective screening test but not a test that could replace current invasive testing. Indeed when a cfDNA
screening test is “positive” amniocentesis or CVS is required to confirm the result.21
Several studies have investigated the test in women about to undergo invasive testing because of high
risk of aneuploidy. In one meta-analysis, the estimated detection rates were 99%, 97%, 79%, and 83%
for Down, Edwards, Patau, and Turner syndromes with false-positive rates of 0.2%, 0.2%, 0.4%, and
0.2% respectively.22 So when screening for the four common trisomies cfDNA the estimated accumulative false-positive rate is 1%, not dissimilar to some conventional screening protocols. Moreover, the
method is targeted at the common aneuploidies and is unable to detect a range of chromosomal disorders, including triploidy.
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These rates are average performance since the discriminatory power of the test differs between individual women, depending on the proportion of cfDNA that is fetal in origin. This “fetal fraction” is
correlated with maternal weight, and to some extent with the PAPP-A and hCG levels, but there is no
reason to believe that, on average, it is markedly different in those at high risk of aneuploidy. So far the
detection and false-positive rates in cfDNA studies of women not selected because at high risk are consistent with the above rate, although these studies are either small or have incomplete follow-up. There
have not been any cfDNA studies in women with recurrent miscarriages.
Some are already suggesting that the increased detection rate for Down syndrome at a lower falsepositive rate means that universal cfDNA screening should replace conventional modalities. One of
the limitations is the very high unit cost of a cfDNA test. From a public health perspective the most
important financial consideration is the “marginal” cost of avoiding a Down syndrome birth where the
pregnancy would have been missed by conventional screening. This has been estimated to be several
times higher than the life-time costs associated with Down syndrome.23

Contingent Screening
Although routine use of cfDNA screening may be prohibitively expensive the test is likely to have a
secondary role in conventional screening. The concept of contingent screening was initially developed
in sequential testing for Down syndrome, as an alternative to stepwise screening where only about
15–20% of women with borderline risks from the Combined test have further Quad markers. This
approach yields detection rates comparable to stepwise screening and requires much less testing.24
Contingent screening where the Quad markers are replaced by cfDNA is a cost effective use of the
new technology.23 It can be greatly enhanced by the use of additional markers at the time of the first
trimester Combined test. Adding two markers, placental growth factor (PlGF) and AFP, has been estimated to yield a Down syndrome detection rate of 97–8% for a 0.4% false-positive rate with 15–20%
requiring cfDNA.25
A sequential screening protocol designed to continuously reassure women with recurrent pregnancy
about their aneuploidy risk will necessarily lead to a higher overall false-positive rate as the positive
results accumulate. The value of secondary cfDNA testing prior to invasive testing would greatly ameliorate this downside.

Adverse Pregnancy Outcome
Nicolaides has proposed that when women attend for a Combined test they are also assessed for their
risk of the common maternal–fetal conditions such as pre-eclampsia, growth restriction, preterm delivery, and fetal macrosomia.26 This concept has been most fully developed for pre-eclampsia, where early
prophylactic medication with low dose aspirin has been shown to reduce risk by about a half.27
As with aneuploidy screening, a priori risk is modified by the results of pregnancy related markers. At the time of the Combined test good results have been achieved using two biophysical markers,
mean arterial pressure and Doppler uterine artery blood flow, together with two serum markers levels,
PAPP-A and PlGF. The model-predicted detection rate for “early” pre-eclampsia, requiring delivery
before 34 weeks, is 93% at a false-positive rate of 5%.28
By retaining the Combined test and adding PlGF, rather than replacing it with routine cfDNA
screening, women with recurrent losses can benefit from these developments in the prevention of pre-
eclampsia, and other adverse outcomes. Such outcomes are common in pregnancy; for example, the
incidence of pre-eclampsia is 2–8% in different populations.29

Conclusion
Continuous sequential screening using conventional markers provides a rational policy for women with
recurrent pregnancy loss. From a public health perspective their risk of a chromosomal abnormality is not
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sufficiently high to offer automatic invasive testing when this is not routinely available to other women.
However, their poor past pregnancy experience and future expectations may justify greater surveillance.
A continuous screening policy would maximize detection and offer reassurance throughout the first and
second trimesters of pregnancy. Where possible, risk would be calculated and revised using all possible
markers, not just those routinely available, including: (1) first trimester ultrasound NB, TR, DV, serum
PlGF, AFP; (2) early second trimester NF, NBL, PT; (3) late second trimester soft markers. In addition to
Down and Edwards syndromes, risks should be calculated and revised for all types of aneuploidy. A policy of universal cfDNA screening for the common trisomies is not currently recommended for financial
and other reasons. There is no particular reason to recommend it for women with recurrent miscarriage.
Instead cfDNA could be used for secondary screening in those found to be at high risk, in order to reduce
the need for invasive testing. Retaining conventional marker testing in women with recurrent pregnancy
loss provides the potential of assessing their chance of an adverse pregnancy outcome.
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Debate: Screening for Chromosomal
Aberrations in Recurrent Pregnancy Loss:
Noninvasive Prenatal Testing, Cytogenetics,
and Ultrasound Are Needed
Peter Benn

Introduction
In this debate I argue that combinations of specific cytogenetic and molecular cytogenetic testing on
parents and spontaneous abortion tissues, noninvasive prenatal testing, minimal use of invasive prenatal diagnosis, and second trimester ultrasound for fetal abnormality are all needed for the optimal
management of pregnancies in women with a history of RPL. Furthermore, I assert that currently
available nonspecific screening (first trimester combined test, second trimester quadruple test, and
various newer combinations)1,2 are insufficient in the management of these pregnancies.

Fetal Chromosome Abnormalities
Classical cytogenetic studies based on karyotyping have shown that approximately a half of all recognizable spontaneous abortion tissues have a major chromosome abnormality.3 Among those that
are cytogenetically abnormal, the most common abnormalities are trisomy (58%), triploidy or other
polyploidy (20%), monosomy X (16%), and structural abnormalities (mostly unbalanced translocations)
(4%). Even for 47,XXY and 47,XXX that are associated with relatively mild phenotypes in infants, there
is some evidence that a relatively large proportion of the affected fetuses do not survive.4 The reason
why so many conceptuses have cytogenetic abnormalities is unknown but it is clear that strong selective
pressures operate against abnormality, particularly early in pregnancy.
The estimate that approximately 50% of miscarriages are chromosomally abnormal is probably an
underestimate because it is based mostly on clinically recognized losses, typically identified after six
weeks gestational age. It is likely that even more cytogenetic abnormalities are present in preclinical losses. Furthermore, recent studies with chromosome microarrays (CMA) indicate that additional
cytogenetic abnormalities are present. CMA potentially allows a larger proportion of cases to be successfully analyzed, distinguishes between maternal and fetal genotypes, and identifies some additional
smaller imbalances, some of which may be considered causal.5
Although, in practice, relatively few spontaneous abortion tissues are referred for chromosome
analysis, there are considerable benefits in providing the testing, as shown by Borell and Stergioto,6
and discussed in Chapter 4. Fetal chromosome analysis can help establish recurrence risks (discussed
below) and provide an explanation for an often highly traumatizing experience. This can be particularly
valuable for RPL couples where supportive management is of great importance.7 See also Chapter 44.
Testing is particularly appropriate when there is ultrasound evidence for fetal structural abnormalities
that would be consistent with a chromosome abnormality.
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Recurrence Risks
Couples with a history of RPL are at a higher than normal risk for a further recurrence.8 Among those
that have losses due to cytogenetic abnormalities, recurrence risk will be dependent on the specific
abnormalities that were present in the prior pregnancies.

Chromosome Translocations and Inversions
Of particular importance are unbalanced chromosome rearrangements in the spontaneous abortion tissues. For these cases, cytogenetic analysis of the parents is indicated to determine whether one of them
is a carrier of the balanced form of rearrangement. These studies require conventional karyotyping
rather than CMA because the latter does not identify balanced translocations. Risk for a spontaneous
loss in a future pregnancy, reduced infertility in the carrier parent, or risk for a liveborn with an unbalanced karyotype will depend on the specific rearrangement identified, and for some abnormalities, the
gender of the carrier parent.3,9 Consultation with a genetic counselor is useful to obtain an estimate of
risk for any particular chromosome rearrangement.
Even when an unbalanced translocation has not been identified in fetal tissue, it is common practice
to offer karyotyping to RPL couples. In couples with a history of one loss, 2.2% will have a translocation or inversion carrier parent, with two losses 4.8%, and with three losses 5.2%.10 Policies as to which
couples should receive chromosome analysis vary in different medical settings.11–14 Despite these high
rates, the policy of karyotyping parents has been challenged by Barber et al.,15 and Carp et al.,16 who
suggested that karyotyping for couples with a history of RPL may not be cost effective since it only
identifies a relatively small number of couples that subsequently have a prenatal diagnosis of a fetus
with an unbalanced karyotype. However both analyses failed to consider the extent to which the identification of the rearrangement may have altered prospective family planning (i.e., deciding not to have
additional children, utilization of preimplantation genetic diagnosis (PGD), or adoption). They also did
not consider the potential secondary benefits to additional family members or the considerable value of
the reassurance to parents with normal karyotypes. Van Leeuwen et al.,17 suggest that offering amniocentesis for all ongoing pregnancies is the least expensive way of preventing handicapped offspring
but their proposed strategy had the added problems of the low acceptability of invasive testing and late
diagnosis of affected pregnancies.
I posit that optimal prospective family planning requires early identification of translocation carriers
and therefore selective use of karyotyping in RPL couples is necessary.

Autosomal Trisomy
Relative to the general population, the risk of aneuploidy may be increased for women who had
past pregnancies with one or more of the common autosomal trisomies. Many of the women classified as having RPL can be expected to be older than the general maternal age population since
they had several past pregnancies. Moreover, most of the autosomal trisomies seen in spontaneous abortions are positively correlated with maternal age18 and therefore the population of women
with a history of a trisomic loss should include many older women. Even allowing for their higher
age, women who had a previous liveborn child or pregnancy with trisomy 21 appear to have an
excess risk for trisomy 21 or other aneuploidy in subsequent pregnancies.19–21 This may well also
be true for women experiencing a miscarriage of a trisomy 21 pregnancy. A previous pregnancy
with some other trisomies may also be associated with increased risk for the same or a different, potentially viable, trisomy in a subsequent pregnancy.20,22 Based on a retrospective review of
amniocentesis and CVS results, Bianco et al.,23 were able to show that there was an increased risk
of an abnormal karyotype for women with a history of miscarriage. Furthermore, when women
were grouped according to the number of past spontaneous abortions (0, 1, 2, ≥3), the risk for
trisomy appeared to correlate with the number of past losses. Higher than expected numbers of
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chromosome abnormalities have also been detected in PGD tests when the indication was recurrent
miscarriage or previous aneuploid pregnancy.24–26
However, some studies on RPL women actually show lower than expected numbers of aneuploid
losses.27–29 Furthermore, the rate of aneuploidy appears to decline when the number of past miscarriages was very high. This might be explained by an ascertainment bias. Although a past pregnancy
with trisomy might increase the risk in a subsequent pregnancy, the increase in risk is modest and
given enough attempts, women whose cause of loss has been aneuploidy will eventually have a successful normal pregnancy. These high gravida women are then no longer included in the RPL population. On the other hand, those women with euploid miscarriages may include many that are caused by
factors that have a far stronger chance of causing a loss. Very high gravida RPL women may therefore
indeed show lower proportions of aneuploid losses. Consistent with this, the chance of a successful
outcome in high gravida RPL women has been shown to be lower when the past miscarriages showed
a normal karyotype.28,29
Precise definition of the risk for RPL women is therefore problematic because it will likely be
dependent on the number of past pregnancies, maternal age at the time of the past pregnancies,
the specific trisomy under consideration and inclusion or exclusion of other factors that might have
contributed to loss.3,29 A crude and somewhat unsatisfactory approach used in nonspecific screening
for Down syndrome is to assign an excess risk for all women who had a past affected pregnancy.1
Another approach is to increase the risk for those women who had a prior viable, or potentially viable, trisomy by equating the risk to that seen in advanced maternal age women.3 These approaches
can be expected to increase both the detection rate and false-positive rate, relative to the use of an
uncorrected a priori risk. However, there appear to be no prospective data available that evaluate
how conventional, nonspecific, screening tests perform in women with a history of a prior pregnancy
with a trisomy or RPL.

Sex Chromosome Abnormality
The presence of a prior pregnancy with a 45,X, 47,XXX or 47,XXY does not appear to materially
increase the risk for trisomy in a subsequent pregnancy.20 From the patient perspective, the relatively
common finding of 45,X in abortus tissue can therefore be considered a good result in so far as it provides an explanation for the loss and does not increase the risk for future pregnancies.

Triploidy
Triploidy can be separated into those cases with an extra set of maternal (digynic) or paternal (diandric) chromosomes which can be recognized by phenotype30 or from microarray tests that include
single nucleotide polymorphisms (SNPs). Diandric cases show a partial molar placenta and for these
cases risk for a (partial or complete) molar pregnancy in a subsequent pregnancy is about 1:60. This
is about 20-fold background risk.31 It is unknown whether risk is increased with digynic triploidy or
higher ploidy levels.

Management of Patients with Recurrent Pregnancy Loss
Couples who experience RPL are often extremely concerned about their past history, may be aware that
they are at increased risk for a recurrence, and are worried. Most abortus tissues will not have received
cytogenetic testing and even when the karyotypes were known, recurrence risk may be very poorly
defined. Moreover, many couples that have experienced losses are anxious to avoid any testing that
could increase the risk of a further loss. The risks associated with invasive testing have been extensively
debated and current estimates are generally considered to be 0.5–1.0% for both amniocentesis and
CVS.32 Importantly, the risk of invasive testing is uncertain for women with a history of RPL where a
predisposition for loss might be present.33
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Given the common problem of many anxious couples seeking reassurance that their pregnancy is
normal and yet unwilling to undergo invasive testing, what is the optimal testing strategy? The following summarizes the proposed specific testing recommended for RPL. As previously noted, there are
many couples that do not meet the formal definition of RPL or past reproductive history may be poorly
documented. Individual case consideration by the physician is therefore often necessary.
i. Conventional chromosome analysis (karyotyping) for parents with a history of two or more
miscarriages of unknown etiology.
ii. Whenever possible, CMA or karyotyping of spontaneous abortion tissues for women with
miscarriage of unknown etiology. [The benefits of using CMA for abortus tissues need to be
balanced against the significant difficulty of interpreting findings of unknown, uncertain, or
unrelated medical significance and the fact that CMA will not identify balanced translocations. These issues have been discussed more fully by Carp.34] Identification of an unbalanced
translocation would prompt karyotyping of the parents. Identification of trisomy or triploidy in
the abortion tissue would prompt counseling about the risk for future pregnancies.
iii. Invasive testing (amniocentesis or CVS) when a balanced chromosome abnormality has previously been identified in a carrier parent.
iv. For other continuing pregnancies, after 10 weeks gestational age, noninvasive prenatal testing (NIPT) through the analysis of cell-free DNA in maternal plasma. For pregnancies with a
positive NIPT result, confirmation by invasive testing is indicated.
v. For continuing pregnancies, after 16 weeks gestational age, second trimester ultrasound examination to help exclude the presence of open neural tube defects (if not previously diagnosed),
and other significant fetal anatomic abnormalities. Amniocentesis should be offered in those
cases where major fetal anatomic abnormalities are identified.
This proposed testing differs from that offered to women without a history of losses in that nonspecific screening (first trimester combined test, second trimester quadruple test, and various combinations) are replaced by NIPT, offered at the earliest gestational age that the testing can be reliably
performed.
Currently, NIPT is only recommended for women who are high risk on the basis of prior conventional screening tests, maternal age or family history of some specific chromosome abnormalities.35–39
Relative to nonspecific screening, NIPT has higher sensitivity and a lower false positive rate for trisomies 21 and 18. It has also been shown to be efficacious for trisomy 13 and 45,X and will also identify
a proportion of cases with other sex chromosome aneuploidies.40 Use of NIPT will potentially result in
fewer invasive tests and can provide earlier and higher levels of reassurance than can be achieved using
the conventional screening modalities.
Conventional screening does identify many cases with nonchromosomal fetal anatomic abnormalities and pregnancy complications. Therefore these conventional tests do still have a role. But for women
receiving NIPT, the use of the conventional screening will need to be justified based on the nonchromosomal conditions not otherwise identified in the protocol suggested above.
It is acknowledged that some of the proposed testing may not be available in all regions, may be
inconsistent with local policy or guidelines or be in conflict with broader nonspecific prenatal screening
policies designed to ensure universal availability of testing. I also acknowledge that offering NIPT to
all RPL women would be associated with increased cost, relative to its use in only those women determined to be high risk by other screening. However, I suggest that this added cost is likely to be small
and justifiable since there will be reduced conventional screening, fewer invasive tests, and fewer office
visits as a result of the earlier reassurance.
Finally, it should be noted that in the future NIPT is likely to be applicable to the detection of additional chromosomal abnormalities than can be diagnosed today,40 and may well become the standard
of care for all women. Furthermore, developments in low-cost high-throughput sequencing may soon
allow cytogenetic characterization of many more spontaneous abortion tissues.41 The recommendations
above reflect the current state-of-the-art.
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Summary Comment
RPL couples constitute a special group for whom additional reassurance and physiological support is
indicated.7 Providing an explanation for losses through genetic analyses of fetal tissues, excluding translocation in the parents, providing the best possible risk estimates for future pregnancies, and providing
early NIPT can optimize prospective family planning and considerably ease anxiety.
Currently available nonspecific conventional screening is insufficient because it fails to meet the full
needs of these couples. It is based on tenuous assessments of a priori risk and combinations of assays
that do not have the necessary high predictive values.
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Does the Maternal Immune System Regulate
the Embryo’s Response to External Toxins?
Arkady Torchinsky, Vladimir Toder, Shoshana Savion, and Howard J. A. Carp

Introduction
The maternal immune system, in addition to regulating embryonic development, may determine the tolerance of the embryo to environmental teratogens1 and other toxins. In the first edition of this book, we
described some of the mechanisms determining the susceptibility of the embryo to teratogens, and the
possible mechanisms whereby immune responses may affect the ability of the embryo to resist teratogenic insults. Chapters 11 and 12 describe the malformations affecting human fetuses which can present
as miscarriage and possibly recurrent miscarriage. Chapter 11 shows examples of early embryos which
cease development due to major malformations which are incompatible with life. Some of these early
fetal demises can only be diagnosed by embryoscopy, and not by conventional techniques such as ultrasound. Philipp et al.2 have reported that 30% of these malformed embryos are eukaryotypic. There are
few explanations as to why these malformations may occur. In addition, Chapter 3 describes the genetic
factors responsible for recurrent pregnancy loss. Today we know that there are compounds which affect
genetic integrity such as ionizing radiation, and Bisphenol A (used to make certain plastics and epoxy
resins). However, in the last five years, there have been few reports of the mechanisms whereby immune
responses may affect the embryo’s resistance or susceptibility to teratogens and other toxins. Therefore,
further studies are necessary in order to determine whether the knowledge accumulated so far will have
clinical applications allowing targeted therapies to be developed, which will increase the embryo’s resistance to those agents.

Fetomaternal Immunoreactivity and Embryonic Development
As early as the mid-1960s immune responses were shown to have a regulatory role in embryonic development. The mean litter size and mean placental weight were found to be higher in allogeneic than
in syngeneic pregnancies.3,4 The survival of transplanted embryos was also shown to be significantly
higher when there was a difference in MHC antigens between the parents.5 Moreover, the litter size
and placental weights are higher in mice preimmunized with allogeneic paternal strain lymphocytes.6
However, in mice, immunization with syngeneic splenocytes prior to syngeneic mating results in perinatal and postnatal mortality and an increased number of malformations among the progeny.7 The sera
of habitually aborting women are toxic to rat embryos in culture.8 However, immunization with paternal
leucocytes improved blastocyst development in culture with the sera of habitually aborting women, and
reversed the embryotoxic effect of sera from nonimmunized women with recurrent miscarriages.9
Finally, stimulation of the maternal immune response has been shown to improve the reproductive performance of mice with a high degree of spontaneous postimplantation embryonic loss. In the
CBA/J × DBA/2J mouse mating combination which is prone to resorptions, alloimmunization of the
female with leukocytes of paternal haplotype significantly decreased the proportion of resorbed pregnancies from approximately 40% to 10–15%.10 The same effect has been achieved with nonspecific
immunostimulation of mice with Complete Freund adjuvant (CFA).11,12
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Fetomaternal Immunoreactivity and Teratological Susceptibility
The above studies demonstrated that embryo survival depends on immune responses in the embryonic
microenvironment. Torchinskii et al.13 compared the effect of two teratogens, cyclophosphamide (CP) and
2.3-quinoxalinedimethanol, 1,4-dioxide (CAS # 17311-31-8)14 in syngeneically- and allogeneically-mated
CBA/J and C57Bl/6 mice. Both strains showed higher sensitivity to both teratogens after syngeneic mating
than allogeneic mating. However, genetic differences between inbred and F1 (CBA/J × C57Bl/6) embryos
could have explained the different response to the teratogens. Further experiments were performed in
C57Bl/6 females whose immune responses were either depressed by removing the para-aortic lymph
nodes, or activated by intrauterine immunization with allogeneic paternal splenocytes.15,16 Suppression of
the maternal immune response significantly increased the sensitivity of F1 (C57Bl/6 × CBA/J) embryos
to both teratogens15 and virtually eliminated the different responses between allogeneically and syngeneically mated females. In mice undergoing extirpation of draining lymph nodes, CP produced a resorption
rate of approximately 20%, and a malformation rate of 77%, whereas in sham-operated females these
indices were 6% and 31%, respectively. In contrast, females primed with allogeneic paternal splenocytes
before allogeneic mating showed enhanced tolerance to both teratogens.16
The response to the above teratogens has also been tested in the second pregnancy of C57Bl/6 mice.16
The degree of embryotoxicity induced by both teratogens depended on the type of mating (allogeneic
or syngeneic) in the first and second pregnancy, and that embryos of females mated twice allogeneically
demonstrated a significantly higher resistance to both teratogens than embryos of allogeneically mated
primigravid mice. Hence, the exposure of the maternal immune system to paternal antigens in the first
pregnancy may modify the teratogenic response of embryos in repeated pregnancies.
Agents which activate macrophages have also been reported to increase tolerance to teratogens.
ICR mice pretreated with Pyran copolymer or Bacillus Calmette–Guerin (BCG) vaccination exhibit
increased tolerance to teratogens such as urethane, N-methyl-N-nitrosourea and ionizing radiation.17
Additionally, injection of Pyran-activated macrophages to CL/Fr mice, which have a high incidence
of cleft lip and palate, decreased the incidence of these anomalies. Many other immunostimulants also
have similar effects. Nonspecific immune triggers such as xenogeneic rat splenocytes, increase the tolerance of embryos to cyclophosphamide-induced teratogenic effects (Figure 10.1)18. Furthermore, it has

FIGURE 10.1 The teratogenic response of embryos of cyclophosphamide (CP)-treated intact and immunostimulated
mice. Legend: CP induces a specter of gross structural anomalies such as open eyes, digit and limb reduction anomalies, exencephaly, gastroschisis and growth retardation in a dose-dependent fashion. Immunostimulation of females with
xenogeneic rat splenocytes is followed by a decrease in the incidence and severity of these anomalies and an increase in
fetal weight. (a) Fetus of an intact mouse; (b) fetus of immunostimulated CP-treated mouse; and (c) fetus of nonimmunostimulated CP-treated mouse.
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been found that immunization if performed twice (21 day before mating and on day 1 of pregnancy) has
a greater influence on the teratogenic response to CP than a single inoculation.18
The influence of the immune response on the susceptibility to teratogens has been investigated in
insulin-dependent diabetes mellitus (IDDM) and heat shock. Meticulous metabolic control of diabetes
has significantly decreased the risk of gross structural malformations in newborn infants. Nevertheless,
the incidence of fetal malformations in women with IDDM (6–10%) is still three to five times higher
than in nondiabetic women.19 In laboratory animals, streptozocin (STZ) was used to induce diabetes in ICR mice treated with rat splenocytes 21 days before mating.20 In STZ-induced diabetic ICR
mice, approximately 9% of embryos show gross structural anomalies and the incidence of litters with
malformed embryos reaches 63%.21 Immunostimulation resulted in a decrease of both indices: only
18% of litters had malformed fetuses and the number of malformed embryos was, approximately, 2%.
Moreover, immunostimulation was followed by an increase in the pregnancy rate: approximately 70%
compared to 44% in nonimmunized diabetic females. Immunostimulation with CFA had a similar
effect,22 preventing cardiac developmental defects.
Heat shock-induced teratogenic effects in rodents are associated with the occurrence of anomalies in
the brain and eye.23 When ICR mice were immunized with rat splenocytes, a significantly decreased
proportion of fetuses had exencephaly and open eyes.24 The resorption rate in immunized mice was similar to that seen in intact ICR mice (approximately, 6–10%), whereas in nonimmunized mice exposed to
heat shock it exceeded 20%.24
Holladay et al.,25 showed that immune stimulation of pregnant mice with Pyran copolymer, BCG,
or CFA increased the resistance of embryos to teratogens such as 2,3,7,8-tetrachlorodibenzo-p-dioxin
[TCDD], urethane, methylnitrosourea and valproic acid. Additionally, immune stimulation with CFA,
granulocyte-macrophage colony-stimulating factor (GM-CSF), or interferon-gamma (IFN-γ) protects
murine embryos against diabetes-induced teratogenic effects.26 In our studies,27 maternal immuno
stimulation with GM-CSF increased the resistance of murine embryos to CP.
Neither ultrasound nor restraint stress were shown to have a teratogenic effect but induce postimplantation embryonic death.28 Immunization of C3H/HeJ female mice with allogeneic paternal splenocytes
of DBA/2J mice, seven days before mating, reduces the number of restraint stress-induced embryonic
losses.29 Immune stimulation of CBA/J female mice with paternal splenocytes of DBA/2J males, two
weeks before mating, decreases the number of ultrasonic stress-induced resorptions. Finally, stimulation
of female mice with the biostimulators PSK and OK432 decreased the susceptibility of embryos to the
teratogen 5-azacytidine, whereas injection of interleukin-1 (IL-1) decreased the tolerance of embryos
to this teratogen.30
The above studies provide evidence that immune responses occurring between mother and fetus may
influence the susceptibility of embryos to both environmental teratogens and detrimental stimuli generated by the mother. The underlying mechanisms remain largely undefined. Some possible mechanisms
are described below.

Possible Mechanisms of Interaction between Immune
Responses and Developmental Toxicants
Molecules Regulating Apoptosis in the Embryo
Most teratogens act on the embryo itself. The mechanisms which determine the response of embryonic cells to teratogens seem to be mainly associated with mechanisms regulating apoptosis induced
by teratogenic stress.31 Apoptosis is known to play a crucial role in normal embryogenesis. Apoptosis
is involved in eliminating abnormal, misplaced, nonfunctional, or harmful cells, sculpting structures,
eliminating unwanted structures, and controlling cell numbers.32 Many chemical and physical toxins
which induce structural anomalies also induce excessive apoptosis in embryonic structures, which
are subsequently malformed.33,34 Toder et al.35 investigated whether maternal immune stimulation
affects the degree of teratogen-induced apoptosis, and reported that immune stimulation of females
with xenogeneic rat splenocytes did indeed decrease the intensity of CP-induced excessive apoptosis
in embryonic structures.
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Apoptosis is a genetically regulated process, involving activation of death signaling cascades and
prosurvival pathways. A number of molecules, reported to be crucial in mediating apoptosis have
been implicated as powerful determinants of teratogenic susceptibility.31 It may be that teratogeninduced alterations in the expression of these molecules may be neutralized or prevented by maternal
immune potentiation. The tumor suppressor protein p53 is activated by various cellular stresses that
induce DNA damage, and is thought to be a key regulator of apoptosis.36 p53 targets several steps in
the apoptotic pathway, ensuring that apoptosis proceeds according to a well-coordinated program.36
p53 also seems to regulate the response of embryos to teratogens such as benzo[a]pyrene,37 2-chloro2-deoxyadenosine,38 ionizing radiation,39,40 diabetes,41 and CP.42 A CP-induced teratogenic insult was
followed by the accumulation of p53 protein in embryonic structures; maternal immune stimulation
with xenogeneic rat splenocytes or GM-CSF increased the tolerance of murine embryos to CP and
partially normalized the expression of p53.27 Sharova et al.43 have shown that mice exposed to urethane (which induces cleft palate in mice), had a lower incidence of malformed fetuses after injection
of CFA or interferon-gamma. Moreover, CFA also normalized the urethane-induced alterations in
the expression of the p53 gene and of the bcl-2 gene, which is thought to be one of the key antiapoptotic proteins.44
Caspases are also considered to be executors of apoptosis and are classified as initiators and effectors. The activation of initiator caspases takes place after their binding to adapter molecules and mature
initiator caspases activate effector caspases. The initiator caspase-9 (and possibly caspase-2) operate
in the mitochondrial pro-apoptotic pathway, whereas the initiator caspases 8 and 10 act in the deathreceptor pro-apoptotic pathway. Both pathways use effector caspases (caspases 3, 6, and 7).45 It has been
reported31 that at least one of the main initiator caspases (8 or 9) and/or the main effector caspase-3
are involved in the response to teratogens such as diabetes, ionizing radiation, heat shock, CP, sodium
arsenite and retinoic acid.31 The possibility that maternal immune stimulation may modify teratological
susceptibility by affecting the process of teratogen-induced activation of caspases has been supported
by our recent study.46 The level of active caspases 3, 8, and 9 was lower in the embryos of immunostimulated CP-treated mice than in embryos of mice exposed to the teratogen alone.46
The transcription factor NF-κB is also thought to be a key molecule preventing cell death via the
activation of genes, the products of which function as anti-apoptotic proteins.47 NF-κB is transcriptionally active in embryos during organogenesis. One subunit of NF-κB, p65, has been shown to be indispensable for the protection of the embryonic liver against the physiological apoptosis induced by Tumor
Necrosis Factor α (TNFα).48 NF-κB has been reported to regulate the response to teratogens such as
thalidomide,49 phenytoin,50 and CP.51 NF-κB may be a target for immune activity in the embryonic
microenvironment.46 Intrauterine immunostimulation with rat splenocytes attenuated CP-induced suppression of NF-κB DNA binding activity in mouse embryos.
The above data suggest some mechanisms by which maternal immune stimulation might alter teratological susceptibility. However, the pathways by which maternal immune stimulation affects these
mechanisms remain elusive.

Cytokines and Growth Factors Operating at the Fetomaternal Interface
A balanced cytokine milieu is a necessary condition for maternal–fetal immune tolerance.52–54
Cytokine imbalances which precede or accompany embryonic demise may also be involved in some
of the mechanisms regulating the susceptibility of the embryo to detrimental stimuli.55 CP-induced
teratogenesis is accompanied by an increase in TNFα and a decrease in Transforming Growth
Factor-beta 2 (TGFβ2), and colony stimulating factor-1 (CSF-1) expression at the fetomaternal interface.56–58 Increased TNFα and decreased TGFβ2 expression have also been described in the uterus
of diabetic mice.59–61
TNFα has been shown to activate both apoptotic and anti-apoptotic signaling cascades,62 which suggests that TNFα may regulate the response of the embryo to various stresses. Indeed, our team63 has
found that the incidence and severity of CP-induced gross structural craniofacial and limb anomalies
were higher in TNFα-knockout fetuses than in their TNFα-positive counterparts.63 TNFα-knockout
embryos have also been found to be sensitive to diabetes-induced teratogenic stimuli.64
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FIGURE 10.2 A simplified model depicting a possible pathway for maternal immunostimulation-induced modification of the teratological susceptibility. Legend: A teratogen affects the function of molecules regulating the teratogenic
response (i.e., those regulating apoptosis) directly and, possibly, indirectly via inducing an imbalance of cytokines operating in the embryonic vicinity. Maternal immunostimulation influences the teratological susceptibility via modifying the
expression pattern of these cytokines.

TGFβ, a multipotent growth factor, has been reported to be involved in regulating cell growth, differentiation, migration, and extracellular matrix deposition.65 TGFβ family isoforms such as TGFβ1,
TGFβ2 and TGFβ3 seem to be indispensable for normal embryogenesis. Indeed, TGFβ1-null embryos
die before day 11 of pregnancy, whereas 25% of TGFβ2 knockout fetuses and 100% of TGFβ3 knockout fetuses exhibit cleft palate.66 A number of studies have reported that TGFβ may be involved in
mechanisms mediating teratogenesis. In experiments with the teratogenic dioxin TCDD, which induces
cleft palate in mouse embryos, TGFβ3 was shown to counteract the effect of dioxin in blocking palatal
fusion.67 Additionally, TGFβ2-knockout embryos have been found to be more sensitive to retinoidinduced teratogenesis than their TGFβ2-positive counterparts.68
Hence, TNFα and TGFβ may determine the teratological susceptibility of embryos. Maternal
immune stimulation, in addition to increasing the resistance of embryos to teratogenic stress, also tends
to normalize the expression of these cytokines at the fetomaternal interface, implicating maternallyderived TNFα and TGFβ in pathways via which maternal immune stimulation modifies the responses
of the embryo to teratogens. Although effective reciprocal signaling has been demonstrated between
the uterus and preimplantation and peri-implantation embryos,69,70 the effectiveness of reciprocal signaling during organogenesis (the period of greatest sensitivity to teratogens) remains undetermined.
Nevertheless, the mechanisms thought to ensure maternal–fetal immune tolerance, cytokines and
growth factors acting in the embryonic microenvironment, may primarily act as mediators, through
which the maternal immune system regulates the response of the embryo to environmental teratogens.
The above data suggest a model depicting a possible pathway by which maternal immunostimulation
may modify teratological susceptibility (Figure 10.2). Within this model, modification of teratological
susceptibility by maternal immunostimulation depends on both the type of teratogen and the type of
immune stimulator.

Agents Affecting Genetic Integrity
The above paragraphs deal with resistance to teratogenic agents. However, a major cause of pregnancy
loss is genetic aberrations. In human pregnancy, approximately 60% of miscarried pregnancies are
accompanied by major chromosomal aberrations, such as 16 trisomy triploidy, and so on. Since the
availability of whole genome analysis with molecular techniques, a further 15% of miscarried pregnancies are known to be genetically abnormal.71 The cause of these aberrations is generally unknown. Copy
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number variants (CNV) are the basis of individual variations; however, at a certain stage, CNV become
abnormal, leading to incompatibility with life. Numerous agents affect genetic integrity. Bisphenol A
and ionizing radiation are two examples.

Bisphenol A
Bisphenol A (BPA) is used to manufacture certain plastics and epoxy resins; it has been in commercial use since 1957, for many consumer goods, (such as baby and water bottles, sports equipment, and
CDs and DVDs) and for industrial purposes, like lining water pipes. BPA binds to an estrogen-related
receptor γ (ERR-γ), which activates transcription, but not to the estrogen receptor itself.72 ERR-γ is
found in high concentration in the placenta, explaining BPA accumulation in the placenta.73 BPA may
be a teratogen as it has been reported to induce hypospadias and cryptorchidism74 and be involved in
the development of the female reproductive tract.75 Additionally, down-regulation of mitotic cell-cycle
genes has been observed in the ovaries of fetuses of BPA-exposed mice.76 Finally, there has been one
case-control study (n = 45) of recurrent miscarriage in relation to BPA, where higher serum BPA levels
were found compared to controls.77
However, while exposure to BPA is widespread, the mechanisms whereby some embryos may be
affected while others are not affected has hardly been investigated. Nevertheless, there is evidence to
date that BPA acts via epigenetic mechanisms suppressing DNA methylation78–80 and that dietary folic
acid supplementation can reduce the effect of BPA on DNA methylation.78 In parallel, data demonstrating that BPA can detrimentally affect T cell subsets, B cell functions, dendritic cell and macrophage
functions,81 and innate immunity,82 suggesting that immune responses may be components of mechanisms underlying the effects of BPA on the genome.

Ionizing Radiation
Ionizing radiation causes atoms and molecules to become ionized or excited. These excitations and ionizations can produce free radicals, break chemical bonds, produce new chemical bonds and cross-link
between macromolecules, and damage molecules that regulate vital cell processes (e.g., DNA, RNA,
proteins). Although large doses are required for clinical effects in humans, small doses may affect cytokines and other parameters. Radiation is used clinically to prevent the multiplication of rapidly dividing
cells in oncology. Ionizing radiation has been reported to affect the cerebral microcirculation associated
with upregulation of proinflammatory cytokines and chemokines (including IL-6, IL-1α, and MCP-1),
and increased apoptotic cell death.83 Interferon gamma (IFN-γ) has been reported to be an essential
cytokine required for the efficacy of immunotherapy in colon tumors in muridae.84 As mentioned above,
ICR mice pretreated with the Pyran copolymer or BCG vaccination exhibit increased tolerance to ionizing radiation.17

Implications for Clinical Practice
This review provides data that maternal immune responses may be involved in mechanisms determining the resistance of the embryo to teratogens and other environmental toxins. An important
implication of this paradigm is that modulation of the maternal immune system may modify the
embryo’s sensitivity, not only to maternally-derived immune abortifacient stimuli, but also to environmental teratogens. These mechanisms may also be relevant in interpreting the mechanisms underlying “occult” pregnancy loss.85 Modulation of the immune system has been used to prevent recurrent
pregnancy loss in humans. The effects of immunotherapy are hotly debated in subsequent chapters of
this book. Additionally, it is clear that the mother may miscarry structurally and genetically normal
embryos, or aneuploid or malformed embryos. Until now it has been assumed that immunotherapy
may affect the loss of normal embryos, and that the trials of immunotherapy are confounded by the
loss of abnormal embryos. However, the opposite may be true. Immunotherapy may affect the loss of
abnormal embryos. More data are necessary to determine the number of aneuploid embryos in trials
of immunotherapy.
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Fetal Structural Malformations—Embryoscopy
Thomas Philipp

Introduction
A failed pregnancy is often an emotional event and the parents demand answers about the probable
cause and risk of recurrence in future pregnancies. To answer these questions, as well as to initiate
appropriate treatment, particularly if the couple has experienced recurrent spontaneous abortion, an
accurate diagnosis of the most likely cause has to be made.
All the protocols for the investigation of recurrent spontaneous abortion focus on maternal factors
such as maternal thrombophilic disorders,1–4 structural uterine anomalies,5–6 endocrine abnormalities,7
and parental chromosomal anomalies.8,9 However, over 40% of couples with recurrent miscarriage are
classified as having unexplained or idiopathic recurrent miscarriage.10,11 Whether embryonic maldevelopment is a cause of recurrent early pregnancy loss is currently unknown. The demised embryo or
early fetus is rarely subjected to a detailed morphologic and cytogenetic evaluation for several practical
reasons. If the crown–rump length (CRL) is less than 30 mm when the embryo ceases development, the
resolution of ultrasound is insufficient for precise visualization. Due to its minute size and fragility, the
demised embryo cannot usually be subjected to detailed pathological examination. Dead embryos are
extremely fragile, particularly if macerated, and mechanical trauma, either during spontaneous passage
or instrumental evacuation of the uterus, frequently leads to destruction of the embryo and consecutive
loss of the embryonic parts.12
Embryoscopy, however, allows visualization of the embryo in utero. With the transcervical approach,
before curettage in cases of missed abortion, subtle morphologic details, undetectable by ultrasound,
can accurately be assessed without any artificial damage (Figure 11.1).13,14 In this chapter the diagnostic
value of a detailed morphologic and cytogenetic evaluation of the demised embryo is discussed.

Technique of Transcervical Embryoscopy in Early
Spontaneous or Missed Abortions
Transcervical embryoscopy requires an average of 10 minutes (range, 3–25 minutes). We perform
the procedure under intravenous general anesthesia. Embryoscopy can be classified as five different
steps:

Insertion of Hysteroscope and Exploration of the Uterine Cavity
With the patient in the lithotomy position, a speculum is inserted into the vagina. After disinfection with
Betadine solution, the cervix is dilated. A rigid hysteroscope (12° angle of view, with both biopsy and
irrigation working channels, Circon Ch 25–8 mm) is passed through the cervix under direct vision. If
vision is lost, the hysteroscope is withdrawn slightly, and reinserted. A continuous normal saline flow is
used throughout the procedure (pressure, 40–120 mm Hg) to help distend and clean the cervical canal
and the endometrial cavity, thus providing a clear view. In failed first trimester pregnancies, the decidua
capsularis and parietalis have not yet fused, so the uterine cavity can be assessed.
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FIGURE 11.1 (a) Ultrasound prior to embryoscopy showed an embryo measuring 24 mm CRL without heartbeat. Head
(H), umbilical cord (U), and upper (UL) and lower limbs (LL) can be seen. (b) Embryoscopic anteriolateral view of the
upper portion revealed a well preserved embryo. Delicate structures like the nostrils are clearly discernible. Note the
developing eyelids. Distinct fingers can be clearly seen.

Localization of the Gestational Sac and Incision of Chorion and Amnion
After inspection of the uterine cavity, the gestational sac is localized. The chorion is opened with
microscissors (CH 7–2 mm), due to its opacity, and the embryo first viewed through the amnion. The
small size of the embryo makes high demands on image resolution. At the end of the eighth week
the CRL measures 30 mm but the embryo already possesses several thousand named structures.
Therefore, the embryoscope should be advanced as close as possible to the embryo in order to document the minute developing structures such as the limbs (Figure 11.1). The amnion usually obscures
vision by reflecting light. In failed pregnancies, there is no need to avoid rupturing the amnion with
microscissors. The hysteroscope can then be inserted into the amniotic cavity. Documentation of the
embryo’s details can be better achieved from within the amniotic cavity.

Morphologic Evaluation of the Embryo
A complete examination of the conceptus includes visualization of the head, face, dorsal and ventral
walls, limbs, and umbilical cord. The incidence of developmental defects is particularly high in early
abortion specimens.14,15 The development of the human embryo is a dynamic process with constantly
changing anatomy and hence, appearance. Early diagnosis of developmental defects by embryoscopy
requires basic knowledge of the anatomy of the developing human embryo. Therefore, the investigator must develop the ability to evaluate the developmental age of embryos accurately, as the diagnosis
of an embryonic defect is dependent on precise aging.16,17 The term gestational age, which is used in
clinical and ultrasound terminology, should not be used for studying missed abortions, as most of these
specimens are usually retained in utero after embryonic demise. The actual developmental age (DA)
is derived from the CRL, measured by ultrasonography, and from the developmental stage assessed by
embryoscopy.16

Tissue Sampling
In couples with recurrent miscarriage, and in cases of phenotypically abnormal embryos, accurate cytogenetic analysis of pregnancy tissue is essential.18,19 The value of karyotyping early abortion specimens
is limited by frequent false negative results, caused by maternal tissue contamination. The finding of
a 46, XX karyotype in the curettage material is not always a reliable result.20 Transcervical embryoscopy allows selective and reliable sampling of chorionic tissues with minimal potential for maternal
contamination.21 Direct chorion biopsies can be taken embryoscopically at the end of the morphologic
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FIGURE 11.2 Direct chorionic villus sampling is performed under visual monitoring using a microforceps (M). Note
the chorionic villi (V) at the tip of the microforceps. (A) Marks remnants of the amnion. A microcephalic 45,X0 embryo
(E) with a CRL of 28 mm is visible in the background of the picture.

examination (Figure 11.2).21,22 In our service, direct chorionic villus sampling is performed under direct
vision, through the hysteroscope using microforceps (CH 7–2 mm).
In twin pregnancy, both chorionic sacs can be biopsied separately (Figure 11.3). At the end of the
procedure chorionic villi are placed in normal saline and carefully dissected. The chorionic villi are
then placed in culture medium and immediately forwarded to the cytogenetic laboratory for further processing. In our service, the tissue is subsequently cultured and analyzed cytogenetically, using standard
G-banding cytogenetic techniques. Figure 11.4 shows the distribution of chromosome anomalies in our
series of 359 specimens with an abnormal karyotype.

Instrumental Evacuation of the Uterus
At the end of the procedure instrumental evacuation of the uterus is performed.

Common Morphologic Defects in Early Abortion
Specimens Diagnosed Embryoscopically
The following section is an overview of developmental defects that could be diagnosed with transcervical embryoscopy. Abnormal embryonic development can be local or general. General embryonic maldevelopment is known as:

Embryonic Growth Disorganization
There are four grades, which are based on the degree of abnormal embryonic development.23 An empty
or anembryonic sac is known as Grade 1 (GD 1). The amnion, if present, is usually closely applied
to the chorion, (fusion of the amnion to the chorion is abnormal prior to 10 weeks of gestation). GD2
conceptuses show embryonic tissue of 3 to 5 mm in size, but with no recognizable external embryonic
landmarks and no retinal pigment. It is not possible to differentiate caudal and cephalic poles (Figure
11.5). The embryo is often directly attached to the chorionic plate. GD 3 embryos are up to 10 mm
long. They lack limb buds but retinal pigment is often present. A cephalic and caudal pole can be
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FIGURE 11.3 (a) Transvaginal ultrasonogram before embryoscopy examination of a patient’s fourth consecutive pregnancy loss showed bichorionic twin pregnancy with two embryos (I + II), measuring 14 and 19 mm in CRL. No abnormalities were identified on sonography. (b) Embryoscopic examination from an anterolateral view of the upper part of
twin I. External developmental defects are severe microcephaly and facial dysplasia. The hand plates are formed (UL)
but finger ray development is missing indicating retarded upper limb development relative to the CRL. (c) Anterior view
of the upper part of twin II. Distinct grooves are formed between the fingers of the microcephalic embryo, but the upper
limbs are not bent at the elbows, indicating retarded development for an embryo of this size. The two chorionic sacs were
biopsied separately. Chromosome analysis revealed trisomy 15 (47,XX, +15) (twin I) and trisomy 21 (47,XX, +21)(twin II).

differentiated. The GD 4 embryos have a CRL over 10 mm with a discernible head, trunk and limb
buds. The limb buds show marked retardation in development and the development of the facial structures is highly abnormal.
In our experience growth disorganized embryos show a high frequency (92%) of autosomal trisomies,
trisomy 16 being the most common, accounting for 46% of abnormal karyotypes.13

Localized Defects
Localized defects (Figures 11.3, 11.6 through 11.10) may be isolated or combined. Morphologically they
are similar to developmental defects seen in fetuses. Malformations which have external manifestation
and we were able to diagnose embryoscopically include the following.

Head Defects
Microcephaly, anencephaly, encephalocele, facial dysplasia, cleft lip, cleft palate, fusions of the face to
the chest, absence of eyes, unfused eye globes, and proboscis are some of the defects which we have
seen embryoscopically.
Microcephalic embryos may be seen on embryoscopy with a poorly developed cranium with loss
of normal vascular markings. In particular the usual bulge of the frontal area, which is expected in
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FIGURE 11.4 Frequency of trisomy for each chromosome, polyploidy, monosomy X, and structural chromosome
anomalies among 359 specimens with an abnormal karyotype.

embryos of this size, is absent. Embryos with a dysplastic face show poorly developed branchial arches
and midface structures on embryoscopic examination. Microcephaly and facial dysplasia are usually
observed in combination. Chromosomal anomalies are the most common cause of these developmental
defects. Encephaloceles present as a bulge in the cranium, often covered by adherent discoloured skin
on embryoscopy. Embryoscopy has identified encephaloceles in the frontal and parietal regions of the
embryonic head, unlike the situation in the fetus, where the defect usually occurs in the occipital area.
The size of an encephalocele may range from small encephaloceles to large defects involving most of
the cranium.19,24
In anencephalic embryos, the brain tissue may still be present and this condition is called exencephaly. The developing cerebral structures subsequently undergo varying degrees of destruction,

FIGURE 11.5 The microscissor (M) is pointing to a growth disorganized embryo (GD2) measuring 3 mm CRL. No
recognizable external embryonic landmarks can be seen embryoscopically. An abnormal karyotype (47,XX, +4) was
diagnosed cytogenetically. C shows the chorionic plate.
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FIGURE 11.6 Close-up lateral view of the upper part of an embryo measuring 14 mm CRL after the amniotic membrane
(A) had been opened. The microcephalic embryo showed a fusion face to the chest. Upper limbs (UL) showed hand plate
formation, but not digital rays indicating retarded development of the limbs for an embryo of this size. Chromosome
analysis revealed an abnormal karyotype (69,XXY).

leaving a mass of vascular structures and degenerated neural tissue. Neural tube defects (anencephaly,
encepalocele, spina bifida) can be multifactorial in origin, caused by a lethal gene defect or nongenetic
mechanisms such as amniotic bands. Chromosomal anomalies are the most common cause of embryonic neural tube defects.19,24–27 The most common associations with chromosome abnormalities are
triploidy and spina bifida,28 45,X0, and trisomies 9 and 14 with encephalocele.29
Lateral and median cleft lip can be distinguished embryoscopically. Lateral clefts may be unilateral
or bilateral. Cleft lip occurs when the maxillary prominence and the united medial nasal prominences

FIGURE 11.7 Embryoscopic lateral view of an embryo measuring 13 mm in length. External developmental defects of
the embryo are severe microcephaly, facial dysplasia, profoundly retarded upper (UL) and lower (LL) limb development.
(U) marks the umbilical cord. The missed abortion was the patient’s third consecutive pregnancy loss and resulted from
IVF. An apparently normal karyotype was diagnosed cytogenetically (46,XY).
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FIGURE 11.8 Lateral (a) and close up anterior view of the upper part (b) of an embryo measuring 12 mm CRL. External
developmental defects of the embryo are severe microcephaly, facial dysplasia, profoundly retarded upper (UL) and lower
(LL) limb development and an abnormal short cord (U). The dark brown areas in the facial region are due to maceration.
The missed abortion was the patient’s sixth consecutive pregnancy loss. An apparently normal karyotype was diagnosed
cytogenetically (46,XY).

fail to fuse. The midline cleft lip represents a fusion defect of the median nasal swellings. In the embryo,
cleft lip cannot be diagnosed until after seven weeks of development, since fusion does not occur until
that time. Cleft lip may be part of a malformation syndrome. Irregular clefting may be caused by
amniotic bands. In embryos clefting defects occur commonly with chromosomal aberrations, especially
trisomy 13.
Cleft palate occurs if the primary anterior palate, lateral palatine processes, and nasal septum fail to
unite. Cleft palate can only be diagnosed in the fetal period, since fusion is completed after the 10th
week of development.

Trunk Defects
Trunk defects include spina bifida, omphalocele, and gastroschisis. The phenotype of spina bifida is
different in the early developmental stages than the well-known appearance in the fetus or neonate.

FIGURE 11.9 Close-up of the face of an embryo with a CRL of 27 mm. A median cleft lip (arrow) is present. (UL)
marks the right upper limb. Trisomy 9 (47,XY, +9) was diagnosed.
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FIGURE 11.10 Embryoscopic lateral view of the upper portion of a well preserved embryo with anencephaly. The
exposed brain tissue (*) is still intact (exencephaly). The digital rays of the hand (H) are notched. Parts of the external ear
(E) are clearly discernable. Remnants of the amnion are labeled (A). A normal karyotype was diagnosed cytogenetically
(46,XX).

In the embryo, spina bifida is frequently observed as a plaque-like protrusion of neural tissue over the
caudal spine.30 It is not clear whether the spina bifida seen in the embryo is due to a different mechanism
to those seen in the fetus, or whether they are merely precursors to the lesions observed in the fetus.
Myeloceles vary in size and location. The most common site in the embryo is the lumbar and sacral
regions. Chromosomal aberrations are the most common cause of embryonic myeloceles.
The physiological midgut herniation is a macroscopically visible process which starts in the 6th week
after fertilization. The midgut only fully returns to the abdominal cavity at the end of the 10th week
of development. Herniation is still physiological at eight developmental weeks, hence omphalocele can
only be diagnosed in the fetal period. Gastroschisis differs from the physiological herniation of the
midgut as the umbilical cord is not involved and no sac is present. Gastroschisis is rarely observed in
the embryo and occurs when the bowel protrudes from a defect that is generally located to the right
side of the umbilicus. The pathogenesis of this defect is controversial, and a variety of different theories
have been proposed.31–33 The theory of abdominal wall disruption as a result of an in utero vascular
accident has gained most acceptance. Therefore, gastroschisis is considered to be a sporadic event with
a negligible risk of recurrence. Since the defect is usually not associated with chromosome aberrations
it is rarely observed in early spontaneous abortions.

Limb Defects
Polydactyly, oligodactyly, syndactyly, split-hand/split-foot malformation, and transverse limb reduction
defects are the most commonly observed malformations.
Polydactyly is one of the most common limb abnormalities found in the embryo. Polydactyly may be
on the radial (preaxial) or ulnar (postaxial) side of the limb. Polydactyly may occur as isolated malformation or may be part of malformation syndromes. Postaxial polydactyly is common in trisomy 13.34 In
syndactyly two or more of the fingers or toes are joined together. At the end of the eighth developmental
week, fingers become free and syndactyly can be diagnosed embryoscopically. Syndactyly may be part
of a malformation syndrome. Syndactyly of digits III and IV is common in triploidy.34,35
The split-hand/split-foot malformation involves ectrodactyly. The hand is divided into two parts
which are opposed like a lobster claw. In the second anatomical type the radial rays are absent with
only the fifth digit remaining.36 Split hand can be a part of numerous syndromes. In embryos with split
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hand malformation chromosome 15 trisomy can be found. In transverse limb reduction defect distal
structures of the limb are absent with proximal parts being more or less normal. These limb defects are
regarded as a disruption sequence which is presumed to be a result of peripheral ischemia.37 The recurrence risk in future pregnancies is minimal.34

Umbilical Cord Defects
The following complications may affect the umbilical cord: knots, torsion, stricture, cysts, and abnormal thin and/or short cords. The mechanical lesions of the cord (knots, torsion, stricture) are rarely
observed embryoscopically. Torsion of the umbilical cord can often be found in macerated specimens,
but are usually postmortem artifacts. Umbilical cord cysts and abnormal thin and/or short cords are
usually found in chromosomally abnormal embryos.

Duplication Anomalies
Chorangiopagus parasiticus (CAPP) or acardiac conjoined twins, and other conjoined twins have been
observed embryoscopically.38 The most severe defect in the acardiac conceptus is usually seen at the
cranial pole. The parasitic twin is usually seen as a markedly edematous mass. The upper portion of
the conceptus has missing or highly abnormal facial structures. There are usually only remnants of
the upper extremities, but the lower limbs are often well developed. The “pump” twin is also usually
developmentally abnormal.39 The circulation is through the normal pump twin by a return reversed flow
from artery directly to artery, or vein to vein, anastomoses of the cord or chorionic surface vessels. The
observed anomalies of the parasitic twin are presumed to be caused by a combination of primary developmental defects and decreased oxygenation of the recipient twin with disruption of organogenesis.
Conjoined twinning is the result of late and incomplete twin formation at the latest possible moment
when the embryonic axis is being laid down (between 13 and 15 days postconception). Most classifications are descriptive and based on the anatomical zones of coalescence. Fusion of the thorax (thoracopagus) is most commonly (70%) reported.
The importance of identifying these rare duplication anomalies cannot be overemphasized; parents
can be reassured that the anomalies are accidental sequela of twinning, with no additional risk of recurrence in future pregnancies.35

Amnion Rupture Sequence
There are numerous theories concerning the pathogenesis of amniotic bands.40 The theory of early
amnion rupture, as proposed by Torpin,41 has gained most acceptance. Amniotic rupture leads to subsequent amniotic band formation which interferes with normal embryonic development by causing malformations or disruptions. This sequence of events is known as the amnion rupture sequence (ARS).42
Although this sequence is uncommon in live born infants, its frequency may be as high as one in 56 in
previable fetuses. Bands that constrict the umbilical cord are recognized as the main cause of death in
this sequence.43 ARS may cause abnormalities that are detectable by embryoscopy, such as encephaloceles, cleft lip, and amputations. When aberrant sheet or bands of tissue are seen on embryoscopy,
which are attached to the conceptus with characteristic deformities in a nonembryologic distribution,
a diagnosis of amniotic band syndrome or ARS can be made.44 Amniotic bands can occur as a result
of abdominal trauma,45 chorionic villus sampling,46 and connective tissue abnormalities.47 However, in
most cases of ARS no such cause can be identified. Therefore, most authors consider ARS a sporadic
event with a negligible risk of recurrence.

Aneuploidy/Polyploidy as the Main Cause for
Abnormal Embryonic Development
The highest incidence of chromosome anomalies (86%) can be found in conceptuses with combined
localized developmental defects. Among growth disorganized embryos, 70% are cytogentically abnormal. The lowest incidence of chromosomal abnormalities (41%) is found in phenotypically normal
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TABLE 11.1
Specimen Morphology and Karyotype of 514 Missed Abortions
Total
Specimens
Morphology

No.

%a

Normal
Growth disorganization
Combined defects
Isolated defects
Total

58
237
198
21
514

11.3
46.1
38.5
4.1
100

a
b
c

Total Specimens
Successfully Karyotyped
No.
56
225
193
21
495

%b
96.2
95
97.3
100
96.3

Specimens with
Abnormal Karyotype
No.
23
156
166
14
359

%c
41.1
69.3
86.0
66.7
72.5

Percentage of total number of specimens with that morphology.
Percentage of each morphologic category successfully karyotyped.
Percentage of each morphologic category with an abnormal karyotype.

specimens (Table 11.1).14 In summary, contrary to fetuses, aneuploidy/polyploidy is the major factor
affecting normal embryonic development in early intrauterine deaths and may explain why spontaneous abortion is usually a sporadic event in a patient’s reproductive history although the incidence of
developmental defects is high. Most (95%) of the observed chromosomal mutations are not hereditary
and carry no increased risk for future pregnancies. They originate de novo either in gametogenesis
(trisomy and monosomy) or may result from polyspermic fertilization or failure of normal cleavage
(triploidy and tetraploidy). Therefore all embryoscopic findings should be supplemented by the results
of cytogenetic analysis to distinguish between nonchromosomal and chromosomal causes of anomalies.
Cytogenetically diagnosed aneuploidy/polyploidy provides a causal explanation for these developmental
defects in cases of a phenotypically abnormal embryo, and also indicates that the recurrence risk for
the observed developmental defect and chromosomal abnormality in these couples is not increased.48

Clinical Significance of Detailed Morphologic and Cytogenetic
Evaluation of Early Spontaneous Abortion
A cytogenetic examination of early intrauterine deaths is indicated if the pregnancy loss is a recurrent
event49 and/or occurred after IVF and/or after a prolonged period of infertility. If a chromosomal abnormality (autosomal trisomy, sex chromosome monosomy, and polyploidy) of the embryo is diagnosed,
a causal explanation for the pregnancy loss is usually found, as most of the observed chromosomal
abnormalities are incompatible with survival to the fetal period or to term.
However, karyotyping the products of conception following recurrent miscarriage is often not performed as cytogenetic evaluation of early intrauterine deaths has many drawbacks. The investigation is
often hampered by tissue culture failure and by false negative results due to maternal contamination of
the collected tissue.
Transcervical embryoscopy allows selective reliable sampling of chorionic tissues with minimal
potential for maternal contamination.21 In addition, abnormal embryonic development, as documented
by embryoscopy in patients with apparently normal chromosomes, might add valuable information.
This information would be completely lost if morphologic examination of the demised embryo had not
been carried out and abnormal embryonic development would have remained undetected. Embryoscopy
diagnoses subtle morphologic defects currently undetectable by ultrasound. A grossly abnormal embryo
with a normal karyotype is a particularly valuable finding as it points to etiologic factors usually not
considered to be etiologically related to early pregnancy loss (Figures 11.7 and 11.8).
If cytogenetic evaluation of the conceptus is performed, it is currently assumed that the absence of a
genetic disorder of the conceptus indicates that women with recurrent miscarriage lose normal embryos,
and these patients are given expensive treatment with potential side effects (e.g., steroids, heparin, i.v.
immunoglobulin, paternal leukocyte immunization, etc.) to prevent miscarriage.
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TABLE 11.2
Summary of Specimen Morphology and Karyotypic Outcome in 53 Patients with Recurrent
Miscarriages (Three or More Consecutive Miscarriages)
Total
Specimens
Morphology

No.

%a

Normal
Growth disorganization
Combined defects
Isolated defects
Total

8
26
18
1
53

15.1
49.1
34
1.9
100

a
b
c

Total Specimens
Successfully Karyotyped
No.
7
24
18
1
50

Specimens with
Abnormal Karyotype

%b

No.

87.5
92.3
100
100
94.3

3
15
13
1
32

%c
42.9
62.5
72.2
100
64

Percentage of total number of specimens with that morphology.
Percentage of each morphologic category successfully karyotyped.
Percentage of each morphologic category with an abnormal karyotype.

Table 11.2 shows a summary of embryoscopic and cytogenetic findings in 53 patients with recurrent
miscarriage (more than two consecutive early pregnancy losses). 50(94.3) were successfully karyotyped. 32 (64%) embryos had an abnormal karyotype. 14 (28%) embryos had a morphologic defect
with an apparently normal karyotype and no morphologic and cytogenetic abnormality was seen in
four (8%) specimens. Among specimens with an apparently normal karyotype, developmental defects,
(embryonic growth disorganization, G1–G4) which are never observed in fetuses or the newborn, can
be observed embryoscopically. Grossly abnormal development suggests a severe disturbance of growth
and morphogenesis in early human development likely to be incompatible with survival into the second trimester.
Other embryos with an apparently normal karyotype often show developmental defects (craniofacial defects, limb defects, neural tube defects) comparable to those observed in fetuses and live born
infants.
It is unlikely that maternal factors such as antiphospholipid antibodies, thrombophilic disorders,
endocrine factors or uterine anomalies cause the developmental defects observed embryoscopically.
After exclusion of a chromosomal disorder these developmental defects might be heterogeneous in their
origin. In fetuses or live born infants, congenital malformations are commonly explained by Mendelian
and multifactorial disorders, and there is no reason to believe that embryonic developmental defects
have a different etiology. Recent studies, using molecular cytogenetic techniques, have shown that
submicroscopic genetic imbalances containing genes required for embryonic growth and morphogenesis exist in karyotypically apparently normal spontaneous miscarriages,50 malformed fetuses,51 and
embryos with developmental abnormalities documented by embryoscopy.52 Consequently, we challenge
the prevailing assumption that the absence of a genetic disorder of the conceptus on routine laboratory
testing is a reason to look for nongenetic maternal causes for recurrent spontaneous abortion. A detailed
morphologic and cytogenetic evaluation of early intrauterine deaths might have implications for future
diagnosis and treatment of recurrent pregnancy loss.
In recurrent spontaneous abortion, current investigation protocols frequently do not permit a conclusive diagnosis because maternal factors are predominantly assessed. Currently used treatment protocols
might not be effective if the losses are due to chromosomal aberrations or embryonic developmental
defects. However, future studies might show that these therapy strategies might be highly effective, if
they are restricted to the subgroup of patients recurrently miscarrying morphologically and cytogenetically normal pregnancies.
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Fetal Structural Malformations—Ultrasound
Akhila Vasudeva and Pratap Kumar

Introduction
The early pregnancy scan is an essential part of contemporary routine antenatal care. In patients with
recurrent pregnancy loss (RPL), a normal early pregnancy scan can be highly reassuring. At the same
time, abnormal sonological findings may herald a nonviable pregnancy, detect chromosomal or structural malformations which are more common among these women, or forecast higher risk of poor pregnancy outcome. The most commonly used transducers, are: linear array or sector transducer (3–5 MHz
for abdominal examination), and the transvaginal probe (5–10 MHz). In first trimester ultrasound, transvaginal sonography (TVS) is necessary up to approximately 10 weeks, and thereafter a transabdominal
probe is mostly used. However, a transvaginal probe is complementary to abdominal ultrasound in order
to complete the anatomical evaluation.
With modern ultrasound machines, there is only a negligible rise in tissue temperature, usually less
than 1°C. It is unlikely that there is any deleterious effect of ultrasound in the first trimester during
embryogenesis with routine grey scale ultrasound.1 Although the potential for embryonic effects from
Doppler imaging exists, there is little evidence that it is teratogenic, as long as pulses are applied at low
level with minimal usage of the Doppler.

Normal Sonological Findings in the First Trimester
Knowledge of the “normal” development of the embryo and fetus is essential when scanning in the first
trimester. The primary goal of ultrasound examination in the first trimester is to determine whether
the pregnancy is intrauterine, embryonic/fetal number, viability by ruling out missed abortion/molar
pregnancy, gestational age assessment by gestational sac size or crown rump length (CRL), aneuploidy
screening, and to rule out structural abnormalities. It is also important to rule out uterine anomalies,
evaluate fibroids (if any), and to rule out adnexal pathology. In cases of multiple pregnancy, assessment
of chorionicity is of paramount importance.

Four to Five Weeks
The gestational sac can first be imaged sonographically at about 4.4 to 4.6 weeks from the last menstrual period, when the sac is 2–4 mm in size. The intradecidual sign and the double decidual sac sign
are specific for intrauterine pregnancy, and rule out the possibility of ectopic pregnancy.1 The serum β
hCG (human chorionic gonadotrophin) level at which an intrauterine gestational sac should be seen with
a modern high resolution vaginal probe is called the discriminatory zone, usually between 1000 and
2000 IU/L. When β hCG is above the discriminatory zone, absence of an intrauterine sac significantly
raises the possibility of ectopic pregnancy. When β hCG is below this level, one cannot be certain and
the incremental rise of β hCG indicates the location/viability of pregnancy. In recurrent biochemical
pregnancy losses, ultrasound is not very useful as there is no sonological evidence of pregnancy in presence of very low β hCG.
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The yolk sac is a circular structure, located between the chorion and the amnion, and is first visualized at the fifth postmenstrual week. The size of the embryo ranges from 2 to 3 mm in size and appears
as a linear structure attached to the yolk sac and close to the uterine wall. Although embryonic cardiac
activity can be visualized at this time, rates of less than 100 beats per minute are not predictive of a poor
outcome, and follow-up scanning is imperative.2

Week Six
Ultrasonographically, the embryo appears as an undifferentiated structure at this time, except for the
heartbeat. An average heart rate of 130 beats per minute can be seen using M-mode scanning. If the
embryo is less than 4 mm, the absence of cardiac activity is nondiagnostic. Once a fetal heartbeat is visualized, the risk of miscarriage decreases as most miscarriages are blighted ova. Towards the end of the
sixth week, the embryo is seen separately from the yolk sac. After fetal cardiac activity, the next anatomical structure to become visible is the primitive neural tube. Sonographically, this appears as a hypoechoic
longitudinal structure running the length of the embryo, visible in the form of two parallel lines.2

Weeks Seven to Nine
The head and trunk can be visualized separately. Within the head, an intracranial cystic structure is
visualized corresponding to the fourth ventricle (rhombencephalon).2 The cerebral hemispheres can be
visualized in some embryos at this gestation. The initial sign of normal herniation of the gut can be seen
as an echogenic area at the abdominal insertion of the cord.
Week eight (Figure 12.1): The choroid plexus becomes visible and grows correspondingly with the
cerebral hemispheres, developing into a crescent shape traversing the roof of the fourth ventricle. The
third ventricle (diencephalon) is wide. The stomach can first be visualized at this gestation as a small
hypoechogenic area on the left side of the upper abdomen, and should be seen in all embryos by 11
weeks.2 It is possible to identify the atrial and ventricular walls of the heart moving reciprocally at
the end of week eight,2 with the atrial component appearing larger than the ventricular component.
Clear identification between the thoracic and abdominal contents is possible by the ninth week. The
cerebral hemispheres should be visualized in all embryos by week nine. At nine weeks, the size of the
lateral ventricles increase rapidly and the third ventricle narrows. The spine is still characterized by two

FIGURE 12.1 An eight-week TVS picture showing developing embryo and the yolk sac.
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echogenic parallel lines. Normal mid-gut herniation can be seen as a large hyperechogenic mass. The
long bones, hands and feet can be first imaged at this time.

Early Anomaly Scan at 10–14 Weeks
This scan needs a systematic approach to view the fetal anatomy, similar to that of a second trimester
targeted scan. The aim is to obtain a transverse section of the head to demonstrate the ossified cranial bones, a midline echo, and the choroid plexuses should be seen in the ventricles (Figure 12.2);

FIGURE 12.2 Developing choroid plexus in the 12th week fetus showing a typical “butterfly sign.”

FIGURE 12.3

A four-chamber view demonstrated in a 12-week fetus.
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FIGURE 12.4 A three-vessel view demonstrated in a 12-week fetus.

a mid-sagittal view of the face should be obtained to demonstrate the nasal bone, orbits and a normal
profile; sagittal section of the spine should be determined to view the presence of intact skin over the
back, and transverse and longitudinal planes of the spine from neck to sacrum; a transverse section
of the thorax should be sought to demonstrate the four-chamber view of the heart with a normal axis
and also a three-vessel view (Figures 12.3 and 12.4); transverse and sagittal sections of the trunk and
extremities should be obtained to demonstrate the stomach in the left upper quadrant, kidneys (Figure
12.5), the bladder (Figure 12.6), the abdominal insertion of the umbilical cord, and all the long bones,
hands (Figure 12.7) and feet.

FIGURE 12.5 Kidneys visualized in an 11-week fetus.
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FIGURE 12.6 Bladder seen in an 11-week fetus.

FIGURE 12.7 Open hand with five digits seen in an 11-week fetus.

Diagnosis of Miscarriage/Nonviable Pregnancy in Early Scans
The criteria for diagnosing a nonviable pregnancy or miscarriage by ultrasound have been under constant debate.3 The RCOG in the UK has reviewed its guidance4 to doctors and revised the ultrasound
criteria used to define miscarriage to the following: (1) A mean gestation sac diameter of 25 mm (with
no obvious yolk sac), or with a fetal pole with CRL 7 mm (the latter without evidence of fetal heart
activity). (2) TVS should be performed in all cases for diagnosing nonviability. (3) Where there is any
doubt about diagnosis and/or a woman requests a repeat scan, this should be performed at an interval of
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at least one week from the initial scan before medical or surgical measures are undertaken for uterine
evacuation. No growth in gestation sac size or CRL is strongly suggestive of a nonviable pregnancy in
the absence of embryonic structures on a repeat scan.
The routine use of TVS has led to improvements in the management of early pregnancy loss.3,5,6
Once a certain diagnosis of miscarriage has been made, a proportion of women (up to 70%) will elect
for expectant management.5 Other women will choose medical or surgical management to deal with
the miscarriage. However, expectant or medical management precludes genetic testing of the embryo in
recurrent miscarriage. Whichever method is chosen, the diagnosis of a complete miscarriage is generally accepted as an endometrial thickness <15 mm with no evidence of retained products of conception.
TVS is a sensitive tool for detecting residual trophoblastic tissue. Blood flow in the intervillous space
in cases of first trimester miscarriage using color Doppler imaging predicts higher success of expectant
management. The success of expectant management varies between 80 and 96% within two weeks in
women with incomplete miscarriage and 59–62% in missed miscarriages and 52% in “anembryonic
pregnancies”.5 It is generally accepted that evacuation of the retained products of conception should
be offered after two weeks. Expectant management of miscarriage, using ultrasound parameters to
determine eligibility, could significantly reduce the number of surgical evacuation procedures, unless
accurate genetic testing is required. In the absence of a previous ultrasound scan documenting the presence of an intrauterine pregnancy, women with ultrasound features suggestive of a complete miscarriage
should be managed as having a pregnancy of unknown location and have serum β hCG levels taken to
check resolution of the pregnancy. This is needed so as not to miss a diagnosis of ectopic pregnancy.3

Threatened Miscarriage, Subchorionic Hematoma and Its Significance
Vaginal bleeding in very early pregnancy does not seem to be associated with any immediate or longterm consequences. Conversely, vaginal bleeding at 7–12 weeks, even in the presence of detectable fetal
cardiac activity, is not only associated with a 5–10% miscarriage rate before 14 weeks of gestation but
also with adverse pregnancy outcome.5 The incidence of intrauterine hematoma in the first trimester in
a general obstetric population is approximately 3.1%. The presence of a retroplacental hematoma (specially below the cord insertion) is significantly correlated with an increased risk for adverse pregnancy
outcomes, such as miscarriage, pregnancy induced hypertension, placental abruption, preterm delivery,
fetal growth restriction, fetal distress, meconium-stained amniotic fluid, operative delivery, neonatal
intensive care unit admission, and also fetal demise/perinatal mortality.7 The presence of a hematoma
may be associated with a chronic inflammatory reaction in the decidua, resulting in persistent myometrial activity and expulsion of the pregnancy. The development of a hematoma may be the first sign of
incomplete placentation and be associated with acute oxidative stress, which may impair subsequent
placental and membrane development.

Predicting the Risk of Early Pregnancy Failure Based on
Ultrasonographic Parameters
Gestational Sac
Once a gestational sac has been documented on ultrasound, subsequent loss of viability in the embryonic period remains around 11%. A smaller than expected gestational sac and a slower rate of growth
(<1 mm/day), can predict poor pregnancy outcome, even in the presence of embryonic cardiac activity.5
Small gestation sac size (before nine weeks) has been associated with chromosomal abnormalities, such
as triploidy and trisomy 16.

Crown Rump Length
If an embryo has developed up to 5 mm in length, subsequent loss of viability occurs in 7.2% of cases.
Loss rates drop to 3.3% for embryos of 6–10 mm and to 0.5% for embryos over 10 mm. A smaller than
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expected CRL has been associated with subsequent miscarriage, aneuploidy, fetal demise and poor
pregnancy outcome including fetal growth restriction.5,8,9

Yolk Sac
The predictive value of SYS (secondary yolk sac) measurements in determining the outcome of an
early pregnancy is limited. Most pregnancies which miscarry during the third month of pregnancy have
normal SYS measurements at their initial scan before eight weeks of gestation. The yolk sac is found to
persist inside the gestational sac after embryonic demise. Thus, variations in SYS size and sonographic
appearance in most abnormal pregnancies are probably the consequence of poor embryonic development or embryonic death rather than being the primary cause of early pregnancy failure.5

Fetal Heart Activity
Fetal heart activity is the earliest proof of a viable pregnancy and it has been documented in utero by
TVS as early as 36 days’ menstrual age. From five to nine weeks of gestation there is a rapid increase
in the mean heart rate from 110 to 175 beats per minute (bpm). The heart rate then gradually decreases
to around 160–170 bpm. An abnormal developmental pattern of fetal heart rate (FHR) and/or bradycardia has been associated with subsequent miscarriage. In particular, a slow FHR at six to eight weeks
appears to be associated with subsequent fetal demise. A single observation of an abnormally slow heart
rate does not necessarily indicate subsequent embryonic death, but a continuous decline of embryonic
heart activity is inevitably associated with miscarriage.5

Other Sonographic Markers
Abnormal shape of the gestational sac, increased echogenicity/thickness of the placenta, have all been
proposed as sonographic markers associated with early spontaneous miscarriage.5

Aneuploidy Screening in 11–14 Weeks Scan
The most effective screening test for Down syndrome (and other aneuploidies) is the combined screening
test performed between 11 and 14 weeks of gestation,10 with the detection rates as high as 80–90%. This
test involves the measurement of nuchal translucency and maternal serum estimation of free β hCG and
pregnancy associated plasma protein-A (PAPP-A). Nuchal translucency has now evolved as the single
most accurate ulrasonographic screening for Down syndrome. When the screening results are intermediate, there are other sonologic markers used to refine the risk of Down syndrome, for example nasal
bone, ductus venosus Doppler, Tricuspid regurgitation, and so on. Wide application of this 11–14 week
ultrasound for aneuploidy screening has improved our understanding of fetal anatomy and physiology.

Detection of Structural Abnormalities in the First Trimester Scan
In women with RPL, structural anomalies and aneuploidies are more common than in the general
population. Many anomalies can be detected in the early scan, although not all are associated with
RPL. Some anomalies are incompatible with intrauterine life. If fetal demise occurs in the first trimester, the patient will present with missed abortion. If demise occurs later, there may be mid-trimester
fetal death. Other anomalies are compatible with intrauterine life, but not extrauterine life, presenting
as stillbirth if there is no intervention prior to birth (e.g., anencephalus or renal agenesis). Others are
compatible with life, but are associated with severe disability (e.g., open meningomyelocele). In such
circumstances, the patient may elect to terminate the pregnancy. Therefore early detection should be
the aim. The majority (80%) of common fetal malformations develop before 12 weeks of gestation.
Advances in ultrasound technology and the improvement of high resolution transvaginal equipment
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FIGURE 12.8 The “Mickey Mouse Sign” in an anencephalic fetus at 13th week of gestation.

have enabled detailed anatomical investigation of the fetus earlier than the classical mid-pregnancy
scan.11 However, the detection rate varies widely between studies, ranging from 26% to 70%.11−15 There
are several limitations to the detection of malformations in first trimester scanning. The resolution
of ultrasound equipment is around 1 mm. consequently, the small size of fetal anatomical features is
still a pivotal limiting factor before 12 weeks. Furthermore, many fetal anomalies develop at the end
of organogenesis over a variable period of time and many anomalies may not be apparent before the
end of the first trimester, such as agenesis of the corpus callosum. Some anomalies have sonographic
features that are different from those usually seen during the routine mid-trimester anomaly scan (i.e.,
anencephalus). By contrast, normal fetal developmental features, such as midgut herniation, have the

FIGURE 12.9 A hydropic fetus at nine weeks, also showing abnormal morphology for gestation.
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same features as pathological exomphalos, hence confirmation of the exact gestational age is crucial
for early diagnosis.
Some malformations will almost always be detected, such as anencephaly, and some will never be
detected, such as microcephaly. There are also abnormalities that are potentially detectable depending
on a number of factors: the objectives set for such a scan and consequently the time allocated for the
fetal examination, the expertise of the sonographer and the quality of the equipment used; secondly,
the presence of an easily detectable marker for an underlying abnormality; and thirdly, the evolution in
the phenotypic expression of the abnormality with gestation.
It is outside of the scope of this chapter to summarize all the anomalies which can be diagnosed, and
for a full review, the reader is directed elsewhere. However, multiple organ scanning is possible. First
trimester scanning can detect defects of the cranium (e.g., anencephaly, Figure 12.8) and brain (e.g.,
holoprosencephaly16), spine,17,18 face and palate, heart,19,20 congenital diaphragmatic hernia, abdominal
wall defects, bladder, kidneys, choledocal, hepatic and omental cysts, anorectal malformations, bowel
atresia, skeletal dysplasias,21 kyphoscoliosis, cystic hygroma, and fetal hydrops (Figure 12.9).
When an anomaly is discovered, it is often difficult for a patient to decide on which course of action
to take. In the case of RPL, the problem is compounded, as the pregnancy with anomalies may be the
first pregnancy to have survived until the early scan. It may also be the last pregnancy to survive.

Advances in Genetics
In the majority of cases with ultrasound abnormalities, the fetal karyotype is normal when banding
techniques are used. However, advances in genetic testing have introduced high resolution testing which
have enabled additional genetic anomalies to be diagnosed to explain the anomalous ultrasound findings. Array comparative genomic hybridization (CGH) can be applied to detect copy number variations
(CNVs) down to a resolution as low as 1 Kb (see Chapter 3). By applying array CGH in prenatal diagnosis
in conjunction with chromosomal analysis, approximately 3.6% additional clinically significant genomic
imbalances can be detected when the karyotype is normal, regardless of the indication of the referral.22−25
This detection rate increases to 5.2% when the pregnancy has a structural malformation on ultrasound.
Array CGH is a useful tool for the detection of submicroscopic CNVs and for identifying candidate
genes for euploid miscarriages.26 Array CGH can be performed on the uncultured cells. Thus results are
quicker, and it also overcomes the problem of culture failure, maternal contamination, and poor chromosome morphology associated with conventional karyotyping. The American College of Obstetrics and
Gynecology and Society for Maternal and Fetal Medicine, in their recent committee opinion (Number
581, December 2013), have recommended array CGH as a preferred technique of prenatal diagnosis when
there are fetal structural anomalies on the ultrasound. Specifically CGH is preferred in cases of fetal
demise/stillbirth, as it is more likely to yield results with improved detection of causative abnormalities.
However, committee opinion does not recommend CGH on first/second trimester pregnancy losses as of
now, since limited data are currently available on the clinical utility in this setting.

Conclusion
This chapter summarizes the role of first trimester sonography in the diagnosis and prognosis of pregnancy. Visualization of normal fetal anatomy in the first trimester, along with a low risk of aneuploidy
screening, affords patients reassurance and reduction in anxiety. Earlier detection of lethal or severe
fetal structural abnormalities allows for earlier decision making for pregnancy termination or earlier
referral to a tertiary center and coordination of care amongst the appropriate specialists.
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Introduction
The maintenance of pregnancy is dependent on numerous endocrinological events that eventually lead
to the successful growth and development of the fetus. Although the great majority of pregnant women
have no preexisting endocrine abnormalities, a small number of women can have endocrine alterations that could potentially lead to recurrent pregnancy losses. It is estimated that approximately 8 to
12% of all pregnancy losses are the result of endocrine factors. Progesterone is essential for successful
implantation and maintenance of pregnancy. Therefore, disorders related to inadequate progesterone
secretion by the corpus luteum may affect the outcome of the pregnancy. Luteal phase deficiency, hyperprolactinemia, and polycystic ovarian syndrome are some examples of endocrine disorders affecting
pregnancy. Several other endocrinological abnormalities such as thyroid disease, hypoparathyroidism,
uncontrolled diabetes, and decreased ovarian reserve have been implicated as etiologic factors for recurrent pregnancy loss. Inhibins and activins are nonsteroidal glycoproteins thought to have important
roles in reproductive physiology and are proposed as markers of fetal viability.

Luteal Phase Deficiency and Pregnancy Loss
Progesterone plays a paramount role in the maintenance of early pregnancy. It prepares the endometrium for blastocyst implantation and controls endometrial development. The preovulatory increase in
the secretion of 17β-estradiol (E2) promotes the proliferation and differentiation of uterine epithelial
cells. This is followed by the production of progesterone, which induces the proliferation and differentiation of stromal cells.1 Progesterone acts on the endometrium via specific receptors, the expression
of which is controlled by estrogens. By downregulating estrogen receptors, progesterone leads to a
fall of both estrogen and progesterone receptors.2 During the luteal phase of the menstrual cycle, the
corpus luteum is the only source of progesterone. In early pregnancy the corpus luteum continues to
produce progesterone until the luteal placental shift. Cyclic secretion of estrogens and progesterone triggers morphological and physiological changes of the endometrium and creates a suitable endometrial
environment for embryo implantation during the implantation window (5–10 days after the luteinizing
hormone (LH) surge) and subsequent maintenance of early pregnancy. These changes fail to develop if
progesterone production is lower than normal. Luteal phase deficiency was originally thought to derive
from inadequate production of progesterone by the corpus luteum and subsequent inadequate endometrial maturation to allow proper placentation. Luteal phase defect (LPD) may be due to poor follicular
development, decreased progesterone production by the corpus luteum, and a dysfunctional endometrial
response to normal progesterone levels. There are other causes for luteal phase deficiency, including
stress, exercise, weight loss, hyperprolactinemia, and menstrual cycles at the onset of puberty or perimenopause.3 Abnormalities of the luteal phase have been historically reported to occur in up to 35% of
women with recurrent pregnancy losses (RPLs).4 Today, the true role of LPD in RPL is controversial
and endometrial biopsies are rarely indicated.
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Metaanalysis on progesterone support in recurrent miscarriage.

However, other mechanisms linked to physiopathology of the luteal phase could be associated with
decreased progesterone production by the corpus luteum, decreased follicle stimulating hormone levels in
the follicular phase and a decreased response to progesterone by the endometrium.5,6 The methods used to
diagnose luteal phase deficiency are not universally accepted. Serum progesterone levels greater than 10 ng/
mL in the mid-luteal phase are rarely associated with an abnormal luteal phase when a targeted endometrial
biopsy is performed.7,8 The endometrium is considered to be out of phase when the histologic dating lags
behind the menstrual dating by two days or more; as determined from the subsequent day of menses, the
diagnosis requires endometrial biopsies in a minimum of two cycles. Endometrial biopsy, with evaluation of
the morphological changes, was considered superior to serum progesterone determinations because of the
pulsatile nature of progesterone secretion. Although serum progesterone levels below ≤12 ng/mL have been
associated with increased risk of miscarriage,9 serum progesterone levels can vary up to 10 times between
blood drawn at a pulse peak or pulse nadir. More importantly, the morphological changes in the endometrium better represent the cumulative effect of cycle-specific patterns of corpus luteum function.10 Despite the
above-mentioned rationale, there is considerable interobserver and intraobserver variation in the interpretation of the endometrial biopsies. Hence endometrial biopsy is not often performed nowadays. Additionally,
many women are unwilling to forego pregnancy for two cycles in order to undergo the biopsies.
The epidemiological studies of RPL appear to support the concept that luteal phase deficiency is in
fact an etiologic factor. This is documented by studies demonstrating that hormone treatment to enhance
progesterone production or supplementation is associated with an increased chance of a term pregnancy
in women with RPL.11 Figure 13.1 shows an updated meta-analysis of randomized and quasi randomized trials reported to date.
Progesterone supplementation after ovulation with or without the use of ovulation-induction agents
can also be used two to three days after the basal body temperature increases (or after a positive urinary
LH rest) and continued up to seven to 11 weeks of gestation.12 Progesterone supplementation can be
administered by intravaginal suppositories, intramuscular injection of progesterone in oil, as oral micronized progesterone, or as oral dydrogesterone. However, the subject of luteal phase deficiency and the
association with RPL continues to be controversial. There have been no new trials. A Cochrane database
systematic review by Oates-Whitehead13 analyzed the same three papers used in Daya’s11 meta-analysis
10 years earlier. Recently a two center trial (PROMISE) is taking place. The results are eagerly awaited.

Hyperprolactinemia and Pregnancy Loss
Prolactin (PRL) is mainly synthesized and secreted by the lactotroph cells of the pituitary,14 but also
by other sites such as mammary gland, placenta, uterus, and T lymphocytes.15 PRL, as well as placental lactogen (PL) and primate growth hormone (GH), binds the same PRL receptor (PRLR). Multiple
isoforms of membrane-bound PRLR resulting from alternative splicing of the primary transcript have
been identified in several species.16 Many studies show that PRL play a role in reproductive function,
being essential to female reproduction.17 Past in vitro studies have shown that PRL plays a critical role in
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corpus luteum maintenance and progesterone production in rodents18 and moreover, progesterone secretion by cultured granulosa cells obtained from human ovarian follicles is almost completely inhibited
by high PRL concentrations (100 ng/mL) but not by lower concentrations (10 to 20 ng/mL).19 These
observations suggest the possibility that high PRL concentrations in the early phase of follicular growth
may inhibit progesterone secretion, resulting in luteal phase defects. Instead, more recent researches on
rodents have revealed that PRL receptors are involved not only in obtaining but also in maintaining pregnancy. PRLR−/− female mice showed an absence of pseudopregnancy and an arrest of egg development
immediately after fertilization, with only a few reaching the stage of blastocysts.20 The outcome is a
complete sterility. Thus, whereas PRLR−/− females cannot implant blastocysts, the defect of the preimplantation egg development can be rescued by exogenous progesterone, indicating that one of the actions
of PRL is to stimulate ovarian production of progesterone. However, although implantation occurs, full
term pregnancy is not achieved,21 most probably because of the absence of decidual PRLR. The precise
cellular mechanism of PRL action in the human ovary remains to be elucidated; furthermore, a study of
64 hyperprolactinemic women with RPLs treated with bromocriptine was associated with a higher rate
of successful pregnancy, and PRL levels were significantly higher in women that miscarried.22
In conclusion, normal PRL levels may play an important role in the growth and maintenance of early
pregnancy but further studies are required clarify the role of PRL in the pathogenesis of recurrent
miscarriages.

Thyroid Abnormalities and Pregnancy Loss
Hyperthyroidism
Hyperthyroidism occurs in approximately 0.1–0.4% of pregnancies.23 It seems that excess production of thyroid hormone usually is not correlated with infertility or RPL. Women with subclinical or mild hyperthyroidism have evidence of ovulation when endometrial sampling is performed.
Pregnant women with untreated overt hyperthyroidism are at increased risk for spontaneous miscarriage, congestive heart failure, thyroid storm, preterm birth, pre-eclampsia, fetal growth restriction,
and increased perinatal morbidity and mortality.24,25 Treatment of overt Graves’ hyperthyroidism
in pregnancy to achieve adequate metabolic control has been associated with improved pregnancy
outcomes.26 However, hyperthyroidism has not been reported commonly as an independent cause
of RPL. Only a recent retrospective study has suggested that excess exogenous thyroid hormone is
associated with an elevated rate of fetal loss.27 A study by Nakayama et al.28 study was performed in
a unique population of patients with a genotype (Arg243-Gln mutation in the TH receptor β gene)
showing resistance to thyroid hormone, and a high serum concentration of free thyroxine (FT4) and
tri-iodothyronine without suppressed thyrotropin. These women maintain a euthyroid state despite
high thyroid hormone levels. Patients were analyzed in three different groups: affected mothers
(n = 9), affected fathers (n = 9), and unaffected relatives (n = 18). The mean miscarriage rates were
22.9, 2.0, and 4.4%, respectively (χ2 = 8.66; p = 0.01). Affected mothers had an increased rate of miscarriage (z = 3.10; p = 0.002, by Wilcoxon rank-sum test).

Hypothyroidism
The most common cause of hypothyroidism in pregnant women, affecting approximately 0.5% of
patients is chronic autoimmune thyroiditis (Hashimoto’s thyroiditis).29 Other causes of hypothyroidism include endemic iodine deficiency (ID), prior radioactive iodine therapy and thyroidectomy. There
seems to be no doubt that hypothyroidism is associated with infertility. Untreated hypothyroidism in
pregnancy has consistently been shown to be associated with an increased risk for adverse pregnancy
complications, as well as detrimental effects on fetal neurocognitive development.30 Specific adverse
outcomes associated with maternal overt hypothyroidism include increased risks for premature birth,
low birth weight, and miscarriage.31
Thyroid hormones have an impact on oocytes at the level of the granulosa and luteal cells that
interfere with normal ovulation.32 Low thyroxine levels have a positive feedback on thyroid-releasing
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hormone (TRH). Elevations in TRH have been associated with PRL elevation.33 It is believed that
elevated PRL alters the pulsatility of gonadotropin-releasing hormone (GnRH) and interferes with
normal ovulation. Therefore, severe forms of hypothyroidism rarely complicate pregnancy because
they are associated with anovulation and infertility. Even if an association exists between low thyroid
function and pregnancy loss, direct evidence for a causal role is missing.34 One postulated explanation
for this relationship is that LPD has been linked to thyroid hypofunction. A study of thyroid function
and pregnancy outcome in 2009 demonstrated a positive linear relationship between fetal loss and
maternal thyroid-stimulating hormone (TSH) levels assayed in healthy women, without overt thyroid
dysfunction.35 Surprisingly, in this study any association was found between FT4 levels and subsequent
risk of child loss in these women.
We believe it is prudent to screen for thyroid disease and normalize thyroid function prior to conception when function is found to be abnormal. Even if there is no clear cause–effect relationship between
hypothyroidism and RPL, there is some evidence that subclinical hypothyroidism is correlated with
poor maternal outcome as well as prematurity and reduced intelligence quotient in the offspring.36
There is disagreement as to the suitable upper limit of normal serum TSH in order to make the diagnosis
of subclinical hypothyroidism. There is a trend with the new TSH assays to decrease the upper limit of
normal TSH (range, 4.5 to 5.0 mU/L) to 2.5 mU/L. This upper limit is recommended by the National
Academy of Clinical Biochemistry guideline, and based on the fact that 2.5 mU/L represents more than
2 standard deviations above meticulously screened euthyroid volunteers.37 Clearly, this new upper limit
will significantly increase the number of patients diagnosed with subclinical hypothyroidism, and its
clinical benefit remains questionable.

Thyroid Autoimmunity and Pregnancy Loss
Autoimmune thyroid disease is the most common endocrine disorder in women of reproductive age
with an overall prevalence in women of 10 to 15% 38 and among pregnant women, autoimmune thyroid
disease has a prevalence of 5 to 20%.39 In recent years many studies have found an association between
thyroid autoimmunity (TA) and recurrent abortions; moreover it has been suggested that thyroid autoantibodies may be employed as a marker for at-risk pregnancies.40,41 Many studies have linked TA with
recurrent miscarriages, although the mechanism involved is unclear. Despite this, three mechanisms
have been postulated to explain the possible association between TA and early pregnancy loss: (1) the
presence of thyroid autoantibodies reflects a generalized activation of the immune system and a generally heightened autoimmune reactivity against the feto-placental unit;42 (2) The presence of thyroid
autoantibodies may act as an infertility factor and may delay conception. Thus, when women with
thyroid autoantibodies do become pregnant, they are older and have a higher risk of miscarriage;43,44
(3) The presence of thyroid autoantibodies in euthyroid women may be linked with a mild deficiency
in thyroid hormone concentrations or a lower capacity of the thyroid gland to adapt to the demands
of the pregnancy state. Indeed, the mean serum TSH values, while being within normal range, were
significantly higher in thyroid autoantibody positive women compared to women with negative thyroid
autoantibodies. This may reflect lower thyroidal reserve during pregnancy when a greater amount of
thyroid hormones is demanded.45 However, the various hypotheses mentioned above are not contradictory to each other, so it is possible that the mechanisms explained act in concert.
Thyroxine administration seems to be effective in reducing the number of miscarriages when given
during the early stages of pregnancy, because miscarriages with maternal thyroid autoimmunity generally occur within the first trimester.46 Poppe et al. have proposed that serum TSH, free FT4 and thyroid
autoantibodies should be measured in early gestation. When serum TSH is elevated or free FT4 is below
normal, levothyroxine (LT4) should be administered during pregnancy. In women with thyroid autoantibodies and serum TSH <2 mU/L, LT4 treatment is not warranted; however, serum TSH and free FT4
should be measured later in gestation, preferably at the end of the second trimester. For women with
thyroid autoantibodies and TSH between 2 and 4 mU/L in early gestation, treatment with LT4 should be
considered. It is important to consider that serum TSH is downregulated during the first half of gestation by hCG.47 However, further studies are required to understand if all women with positive thyroid
autoantibodies should be started on LT4 therapy during their pregnancies to decrease miscarriage rate.
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Diabetes Mellitus and Pregnancy Loss
Progestational diabetes including type 1, type 2 diabetes as well as other rare types of diabetes, complicates from 0.5% to 1% of all pregnancies.48 Many studies showed that patients suffering from this
clinical condition have significantly increased risk of spontaneous abortion, preterm labor, hypertensive
disorders, and operative deliveries.49–51 However, there are other known maternal risk factors that might
increase this risk, like advanced maternal age, previous spontaneous abortion, alcohol consumption,
cigarette smoking, excessive maternal weight, and maternal diseases other than diabetes, particularly
hypothyroidism, which is observed in up to 30% of the patients with type 1 diabetes. Gutaj et al.,52 in
an observational, retrospective study, have analyzed some selected maternal parameters both in diabetic
women in pregnancy with good perinatal outcome and in diabetic pregnant patients with a miscarriage.
The results showed that women in the miscarriage group were older compared with those in the good
outcome group and Hemoglobin A1c (HbA1c) was higher in the miscarriage group compared with the
good outcome group. Moreover, it was found that maternal age and HbA1c were significant predictors
of miscarriage. There was also a nonstatistically significant trend towards first trimester pregnancy
loss in patients with hypertension, overweight/obesity, unplanned pregnancy, longer duration of diabetes, and diabetic vascular complications.52 In conclusion, suboptimal metabolic control and increasing
maternal age are the most significant risk factors for first trimester miscarriage in women with pregestational diabetes.

Polycystic Ovary Syndrome, Insulin Resistance, and Pregnancy Loss
It has been estimated that 40% of pregnancies in women with polycystic ovary syndrome (PCOS)
will result in spontaneous loss.53 PCOS is a complex disorder involving abnormalities in interactions
between the pancreas, the hypothalamus/pituitary, the ovaries, the liver, and adipose tissues.53 The
underlying causes of RPL in PCOS patients may have several contributing and interrelated factors.
These include obesity, hyperinsulinemia, hyperandrogenemia, insulin resistance (IR), poor endometrial receptivity, and elevated levels of LH.54 It is thought that obesity acts on female reproductive function through hyperinsulinemia and consequently through its effect on androgen production. Some have
argued that IR is a key factor to explain the association between obesity, PCOS and recurrent miscarriages.55,56 Moreover, many studies have shown a possible association between IR and hyperhomocysteinemia.57,58 Recent studies have highlighted the presence of hypofibronolysis associated with high
levels of plasminogen activator inhibitor-1 (PAI-1) as a possible cause of RPL in women with PCOS.59,60
The effects of elevated PAI-1 may also be increased by elevated homocysteine,61 eventually leading
to thrombosis. Moreover, plasma PAI-1 levels are associated with dyslipidemia, hyperinsulinemia and
hypertension, which are three factors that contribute to the establishment of hyperhomocysteinemia.62
Hence, PCOS involves several confounding factors that may contribute, individually or in combination, to thrombosis and eventually lead to RPL. The association of IR, hyperomocysteinemia and
obesity in women with increased miscarriage rates is well-known. Chakraborty et al.63 found that the
incidence of hyperomocysteinemia and IR was significantly higher in RPL-affected PCOS patients
when compared to the non-PCOS group. Moreover, the rates of abortion were significantly higher in
hyperhomocysteinemic patients when compared to normohomocysteinemic women. Hyperinsulinemia
and hyperandrogenemia are tightly associated, but the presence of an independent link between hyperandrogenemia and RPL remains contentious. Elevated androgens in the local microenvironment of the
developing follicles impair follicular development and cause anovulation in PCOS patients. Elevated
androgen levels and elevated insulin levels have detrimental effects on endometrial development.
Elevated androgen levels decrease oocyte quality and embryo viability. Metformin enhances luteal
phase uterine vascularity and blood flow and reduces the incidence of first trimester spontaneous abortions.64,80 Metformin therapy throughout pregnancy in women with PCOS might reduce the otherwise
high rate of first trimester spontaneous abortion,65 but no properly designed placebo-controlled studies
have been conducted.
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Elevated Follicle-Stimulating Hormone and Pregnancy Loss
An increased level of basal follicle-stimulating hormone (FSH), a low level of antiMullerian hormone
(AMH) and a low antral follicle count (AFC) have been shown to be linked to elevated miscarriage
rates.66 Also, a high incidence of decreased ovarian reserve has been observed among women with recurrent pregnancy loss.67 The underlying challenge present in certain women with unexplained RPL may
reside in the quality and quantity of their oocytes. In a retrospective comparative analysis, Trout and
Seifer68 measured FSH levels on day three of the cycle and estradiol (E2) in 36 patients with unexplained
RPL and in 21 control RPL patients with a known etiology. These findings were reproduced subsequently in a similar analysis of 58 patients with RPL and unknown etiology.67 Women with unexplained
RPL were found to be more likely to have abnormal ovarian reserve. Among the 36 patients with unexplained RPL, 11 (31%) had elevated FSH, 14 (39%) had an elevated E2, and 21 (58%) had abnormal
results for at least one or both tests. In the 20 patients of the control group, the findings were that one
patient had elevated FSH (5%), three (14%) had an elevated E2, and four (19%) had abnormal results for
at least one or both tests. In a different study, Hofman et al.69 performed a clomiphene challenge test in
44 patients with RPL and found a similar incidence of diminished ovarian reserve when compared with
648 general infertility patients.
Women with abnormal ovarian reserve testing and unexplained RPL may have a higher incidence of
embryonic chromosomal abnormalities. Thus, it may be prudent to incorporate ovarian reserve testing
in the workup of patients with RPL. However, assessment of ovarian reserve is not a diagnostic test, but
a screening tool. An abnormal test does not preclude the possibility of a live birth. Decreased ovarian
reserve should not be presented to the patient as an absolute. Extensive counselling is recommended,
given that no treatment, other than egg donation, is available.

Inhibins and Pregnancy Loss
Inhibins are nonsteroidal glycoproteins thought to have important roles in reproductive physiology.
Inhibin A has a molecular weight of 34 kDa, and comprises an α-subunit linked by a disulfide bond to
a highly homologous βA-subunit. Inhibin B is a similar dimeric glycoprotein with α and βB-subunits.
Nonbioactive forms of the α-subunit include the amino-terminally extended product named inhibin
pro-αC. Inhibin A is the major circulating bioactive inhibin found in early pregnancy. Inhibin B is not
detectable in early pregnancy in the human.70 Although their major function is in the negative feedback
control of gonadotrophin secretion, the function in pregnancy may possibly be the promotion and modulation of placental secretory activity and placental immune modulation.
Circulating levels of inhibin A and pro-αC have been implicated in the process of implantation and
early pregnancy development.71 Inhibins have also been proposed as markers of fetal viability. In the
nonpregnant female, inhibins are secreted and synthesized by both the developing Graafian follicle and
corpus luteum.72,73 Inhibins are also involved in the control of feto–maternal communication required to
maintain pregnancy. Human placenta, decidua, and fetal membranes are the major sites of production
and secretion of inhibin A and inhibin B in maternal serum, amniotic fluid, and cord blood.74
The corpus luteum has been shown to be the major site of inhibin A production. Production of inhibin
A continues within the corpus luteum as pregnancy is established. During early pregnancy, mRNA for
α, βA and βB have been demonstrated in the corpus luteum.75 However, inhibins are also synthesized
and secreted by the developing human placenta. Both α and βA-subunit mRNAs and proteins76 have
been localized in the human placenta, the major expression being from the syncytiotrophoblast.
The local actions during placental growth and differentiation are mirrored by changes in the circulating levels of dimeric inhibins and inhibin pro-αC as pregnancy progresses.77 Circulatory concentrations of inhibin A increase progressively in early pregnancy.78 There is a transient fall in the
circulating concentration at approximately 12 weeks of gestation, followed by further increases in
concentration from mid-gestation onwards.71 Studies demonstrating lower levels of inhibin A in failing
pregnancies have implicated inhibin A in the processes of successful implantation and early pregnancy
development.79
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FIGURE 13.2 Maternal serum inhibin A levels in healthy pregnant women (control), patients with threatened abortion
with ongoing and failing pregnancy, incomplete and complete miscarriage. Individual values are plotted (expressed as
mean of mean) and horizontal bars represent the group medians. *p, 0.05, **p, 0.001, ***p, 0.001 versus healthy controls
and threatened abortion with ongoing pregnancy.

Recently, inhibin A concentrations have been measured in the maternal circulation of healthy
spontaneously pregnant women progressing to deliver a healthy term singleton baby, in patients
with missed abortion [either fetal demise or anembryonic gestational sac] and with complete miscarriage,74 in order to ascertain whether inhibin A measurement might provide a rapid and useful
marker of early pregnancy viability, in comparison to hCG levels. Patients with complete miscarriage had the lowest hCG, and inhibin A levels, then missed abortion, and the highest levels were
seen in ongoing pregnancies (Figure 13.2).
The potential value of inhibin A as a marker of early pregnancy complications should be examined
in conjunction with other established biochemical markers such as serum β-hCG, progesterone, and
glycodelin. Muttukrishna et al.80 found a statistically significant correlation between serum concentrations of inhibin A and β-hCG (the degree of correlation varied according to the population group:
normal controls r = 0.55, sporadic miscarriage r = 0.79, recurrent miscarriage r = 0.66). In the study,
Muttukrishna et al.80 confirm a statistically significant positive correlation between inhibin A and
β-hCG in the women who had live births (r = 0.46, p = 0.4) but not in those that had a miscarriage.
Given the small size of this and previous studies, it is not possible at this stage to establish whether
serum inhibin A is a better marker than β-hCG, or whether combined inhibin A and β-hCG measurement is superior to β-hCG alone. Further studies are required to address these two questions.81

Endometriosis and Early Pregnancy Loss
Endometriosis is a clinical condition characterized by the presence of endometrium-like tissue outside of the uterine cavity. It is one of the most common causes of infertility and chronic pelvic pain
affecting 1 in 10 women of reproductive age.82 An association has also been reported between endometriosis and LPD and it is one of the putative determinants of infertility among endometriosis.83,84
Furthermore, an increased prevalence of retarded endometrial development has been observed in
women with endometriosis and infertility, compared with a fertile control population or a group of
fertile women with tubal disease.85 A high rate of pregnancy loss has also been reported,86 which
may involve LPD.
Loss of progesterone signaling in the endometrium may be a causal factor in the development of
endometriosis, and progesterone resistance. Loss of progesterone signaling is often evident in women
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with this disease.87–89 In endometriotic stromal cells, the number of progesterone receptors (PR), particularly the PR-B isoform, is significantly decreased, leading to a loss of paracrine signaling.90,91 PR
deficiency probably highlights the development of progesterone resistance in women with endometriosis who no longer respond to natural progesterone or progestin therapy.92 Bulun et al. sought to clarify
the molecular mechanisms leading to PR deficiency; in particular, it seems that changes in expression
of estrogen receptor b (ERβ) and estrogen receptor a (ERα) may lead to PR loss and the progesterone
resistance observed in endometriosis.93
However, further research is necessary in order to confirm that resistance to progesterone may be the
mechanism involved in the development of recurrent miscarriage in women with endometriosis.
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Debate: Should Progesterone
Supplements Be Used? Yes
Jerome H. Check

In the first edition of Recurrent Pregnancy Loss—Causes, Controversies and Treatment, the “Role of
Using Progesterone Supplementation” was presented as a debate: For—Jerome H. Check, Against—
Shazia, Malik, and Lesley Regan.1–3 There is no debate that completion of a pregnancy is not possible
without progesterone (P). Surgical removal of the ovary with the corpus luteum of pregnancy prior to
8 weeks will lead to spontaneous miscarriage.4 It is clear that a miscarriage will frequently ensue if
the effect of progesterone is blocked by treating the woman with 600 mg of the progesterone receptor
antagonist mifepristone at 600 mg for one day.5
Low levels of P during the first trimester have been found to be associated with a higher risk of miscarriage. Yeko et al. found that 17 of 18 women had a miscarriage with a serum P <15 pg/mL during the
first trimester.6 McCord et al. evaluated P levels in 3674 first trimester pregnancies and found a miscarriage rate of 85.5% with serum P <5 pg/mL, 65.8% with serum P 5 to <10 pg/mL, 31.3% with serum P
10 to 15 pg/mL, 9.8% with serum P levels 15 to <20 pg/mL and 7.7% with serum P 20 to <25 pg/mL.7
The McCord et al. study did not show the extremely high miscarriage rate reported by Yeko et al. and
had much more power but the principle was the same—low levels of P are associated with an increased
miscarriage rate.
The association of increased chance of miscarriage with low serum P does not prove that the low P
caused the miscarriage. Possibly the low serum P merely reflects a deteriorating placenta. One uncontrolled study aggressively treated women with serum P levels less than 15 pg/mL with P supplementation and produced a 70% live delivery rate.8 Even women with serum P levels ≤8 pg/mL had a 60%
viable rate following aggressive P therapy at the time of detection.9 These salvage rates compare quite
favorably to the high loss rate found by Yeko et al. in women with low serum P levels and even to the
study by McCord et al. that did find an association of low serum P and miscarriage but not as high as
found by Yeko et al.6,7
Evidence that placental deterioration may be the cause of the miscarriage in at least some women was
provided by a study comparing serum estradiol (E2) in P supplemented women in those who miscarried
versus those who were successful.10 The serum E2 levels were significantly lower in those who miscarried versus those who were successful despite no difference in the serum P levels.10 With the assumption
that the majority of losses were from chromosomal defects, this study could be interpreted as supporting placental deterioration as a nonremedial cause of depletion of critical hormones during pregnancy.
Progesterone supplementation would not be expected to prevent miscarriage if the cause is a failing
fetal-placental unit.10 On the other hand, one could argue that since the corpus luteum makes both P and
E2, perhaps supplementing only P in some instances may be insufficient and thus these data could still
be consistent with a failing corpus luteum not placental deterioration.10

Evidence that P Supplementation Decreases Miscarriage
Rates in Women with Threatened Abortion
Women with low serum P frequently have bleeding and/or cramps which improve following P therapy.
However, many women with threatened miscarriage deliver a live baby without P therapy. A Cochrane
123
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Collaboration review entitled “Progestogen for treating threatened miscarriage” was published in
2011.11 In this review the selection criteria included randomized or quasirandomized controlled trials
that compared progestogen with placebo, no treatment, or other treatment given in an effort to treat
threatened abortion.11 Four studies met the inclusion criteria and provided the 421 participants for the
meta-analysis.12–15 There was evidence of a reduction in the rate of spontaneous miscarriage with the
use of progestogens compared to placebo or no treatment (risk rate 0.53, 95% confidence interval 0.35
to 0.79). For two trials oral dydrogesterone 10 mg twice daily was given; one study only used 25 mg
twice daily progesterone vaginal suppositories.12–15 This Cochrane review also corroborated previous
data suggesting no fetal risks by exposure to extra progesterone.11,16 It is interesting that the benefit was
greater for dydrogesterone than for micronized progesterone.
Thus these data suggest that progestogens can reduce the miscarriage rate when there is a threatened
abortion. This, however, does not necessarily allow the conclusion that the use of progesterone can prevent miscarriage in women with a tendency for recurrent losses. The possibility exists that, fortuitously
in some pregnancies, the corpus luteum of pregnancy may fail before the placenta is making adequate
P. However, this may not occur on a repeated basis.

Luteal Phase Deficiency—Diagnosis
One way that recurrent miscarriage could be related to a progesterone insufficiency and be improved
by progestogen therapy would be if there existed a recurrent problem of insufficient progesterone
effect by the corpus luteum, that is, a luteal phase defect (LPD). An LPD could theoretically cause
infertility or recurrent miscarriage. The concept is that if implantation does not occur in an endometrium that has been properly developed, the embryo may not implant at all or eventually result in a
miscarriage.
It appears that only a small amount of P is needed to cause an adequate endometrial structure
to allow implantation of the conceptus, at least as determined by endometrial biopsy and molecular
markers.17–25 No reliable marker has been identified that could detect a lack of progesterone leading to
infertility.19–25 It was suggested that merely a serum level of 5 pg/mL was needed not only to develop
a normal secretory endometrium with normal classical histological changes but also to allow normal
endometrial integrins and quantitative reverse transcription–polymerase chain reaction analysis for
nine putative biochemical endometrial function markers.25
Presently being explored, but so far without any definitive conclusions in humans, is the relationship
of the progesterone receptor initiating paracrine signaling within the uterine microenvironment during
the preimplantation period.26–29
There is now a method for detection of the expression of a cluster of endometrial biomarker genes to
assess endometrial receptivity.30–33 One study failed to identify histological or biomarker abnormalities
in women with suspected luteal phase defects but did find altered gene expression.34

Is Luteal Phase Deficiency Associated with Infertility
or Recurrent Miscarriage?
A recent Practice Committee of the American Society of Reproductive Medicine published their opinion of the clinical relevance of LPD.35 The committee was composed of 19 experts in the field of
reproductive endocrinology. They stated that “No diagnostic test for luteal phase insufficiency has been
proven in a clinical setting.” They mention that “no treatment for luteal phase insufficiency has been
shown to improve outcomes in natural unstimulated cycles.”
The practice committee did not acknowledge a key publication that clearly demonstrated that the
use of progesterone in the luteal phase could clearly improve pregnancy rates.36 The study was a
randomized drug comparison study comparing follicle maturing drugs in the follicular phase versus
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progesterone in the luteal phase in infertile women having an out-of-phase endometrial biopsy in the
late luteal phase.36 The first group compared were those who seemed to achieve a mature follicle
(18 mm average diameter with serum E2 >200 pg/mL). For the 31 randomly assigned to P only, there
were 24 pregnancies (77%) and only one of 24 (4.1%) miscarried compared to only three of 27 conceiving with clomiphene citrate or human menopausal gonadotropins (hMG) (11.1%) and two of three
miscarried.36 However, during the next six months 16 of 25 women conceived (64%) with P only who
had failed with follicle maturing drugs with only one miscarriage (6.2%).36
Clinical experience suggests that women treated empirically with follicle maturing drugs achieve
a six month pregnancy rate much higher than 11%. Indeed the 58 women with mature follicles were
part of a prospective study of 100 consecutive infertile women with regular menses, patent fallopian
tubes, and male partners with normal semen parameters. The other 42 women were randomly assigned
to exclusive use of follicle maturing drugs (FMD) only or FMD with P luteal phase support versus P
supplementation only.36 For this group exclusive FMD resulted in a 70% clinical pregnancy rate (seven
of 10) but with four miscarriages. In contrast for the 70% pregnancy rate with FMD and P (14 of 20)
there was only one miscarriage. Progesterone alone resulted in a clinical pregnancy rate of only 25%
(three of 12) with no miscarriages.36 If one empirically placed all these women on follicle maturing
drugs irrespective of follicular maturation 43.8% would have conceived with FMD versus 60.4% who
would be treated exclusively with P.
The ASRM Practice Committee did not mention any study that refuted the benefits of treating infertility with P. If P deficiency can lead to an embryo that fails to implant causing infertility, it is not hard
to envision that a slightly less severe problem could allow implantation but first trimester miscarriage.
There actually has been a prospectively randomized placebo-controlled parallel group trial that did
in fact find that P supplementation significantly reduced miscarriage rates in women with recurrent
miscarriages.37

The Role of P in Reducing Immune Rejection of the Fetus
Progesterone enhances the expression by gamma/delta T cells of a unique 34 kDa protein known as the
progesterone induced blocking factor (PIBF).38 The PIBF protein has been found to allow the TH1/TH2
cytokine balance in favor of TH2 cytokines, which provides a more favorable immune environment
for the fetus.39 PIBF has been found to stabilize perforin granules in natural killer (NK) cells and thus
inhibit release of perforin from these large storage granules which inhibits the main mechanism for NK
cell cytotoxicity.40
Initially, both in vitro and in vivo studies suggested that the allogeneic stimulus of the fetal placental unit may be responsible for a hormone independent upregulation of P receptors by gamma/delta T
cells.41,42 Szekeres-Bartho et al. found significantly lower expression of PIBF in recurrent miscarriage
patients compared with those with a healthy pregnancy.43 Check et al. treated women in the first trimester aggressively with progesterone but found no difference in PIBF expression by lymphocytes.44 This
suggested that the main stimulus for PIBF may be P itself and perhaps whether some causes of miscarriage may be related to inadequate development of P receptors on gamma/delta T cells.41,42,44,45 Indeed,
it has been confirmed following the development of a more sensitive enzyme linked immunosorbent
assay (ELISA) rather than the previously used less sensitive immunocytochemistry technique following
the development of a monoclonal antibody, that P alone (even in males) is the main stimulus for PIBF
expression once there has been adequate estrogen exposure to induce P receptors in the gamma/delta T
cells, since there is a very high level of PIBF induced without exposure to a fetus.46–48
Progesterone may help to inhibit immune rejection of the fetus through other mechanisms than
induction of PIBF and suppression of NK cell cytolysis. Progesterone can act rapidly by epigenetic
(nongenomic) interaction with membrane receptors, for example, progesterone receptor membrane 1.49
One study suggested that P interacting with P receptor 1 membrane may suppress, in an epigenetic
manner, T cell rejection of the fetal semiallograft.50
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Conclusions
One could debate whether there are “sufficient” evidence-based studies to warrant the treatment of
women with recurrent miscarriage with progesterone, beginning in the luteal phase and continued
throughout the first trimester. Since the good safety record of P has been well established, it makes no
sense to withhold such therapy, advising the patient that the present opinion of the treating physician is
that there is still an insufficient number of studies to convince that treating physician that the treatment
is any better than careful vigilance and benign neglect.
Though the ASRM Practice Committee concluded that there is no evidence of LPD as a cause of
miscarriage in lieu of documenting any structural endometrial defects, they failed to consider the effects
of P on the immune system.35 More support that LPD is a cause of infertility (and thus a logical cause of
miscarriage with a slightly milder state of P deficiency) was a recent study using P therapy empirically in
a group of women age ≤39.9 with over one year of unexplained infertility who were suspected of having
LPD related to age (>30) or pelvic pain (suspicious of endometriosis with P resistance).51,52 In six months
27 of 32 women (84.3%) had a serum beta-hCG (human chorionic gonadotropin) level >100 mIU/mL
with luteal phase P as the sole treatment with a low rate of miscarriage.51 In view of the aforementioned
randomized comparison study finding better results with P than follicle maturing drugs when the follicle
is mature but vice versa when there is release of the oocyte from an immature follicle, treatment of recurrent miscarriage from suspected LPD should include the use of mild follicular stimulation if there are
inadequate mid-cycle estradiol levels attained or inadequate time of exposure to E2 during the follicular
phase.36,53 Estradiol is known to induce P receptors in the endometrium.54,55 Studies of PIBF in males
treated with P or E2 and P suggest that E2 induces P receptors in gamma/delta T cells also.48
The treating physician has the obligatory role of suggesting the most effective treatment paradigm
with the least risk and least expense. How many erudite members of the ASRM Practice Committee
on LPD would have suggested an alternative in lieu of empirical P usage for “unexplained” infertility.
They may have suggested in vitro fertilization–embryo transfer (IVF-ET), which could be considered
an extremely expensive, risky method of providing these women with P therapy from the early luteal
phase, or recommended an even more expensive method of treating recurrent miscarriage—IVF-ET
with comprehensive chromosome screening for recurrent miscarriage. The latter could be by far the
most expensive way to administer P.
Present studies evaluating serum PIBF, now that a sensitive ELISA test has been created, will hopefully determine a discriminatory level below which there is an increased risk of nonconception or
miscarriage. There is one caveat however. There is evidence that an intracytoplasmic occupation of
PIBF may protect cancer cells from NK cell immune destruction.56,57 The 90 kDa parent compound of
PIBF is found in the cytoplasm of all highly proliferating cells.58 It is possible that P is needed more for
inhibiting the conversion of the intracytoplasmic 90 kDa PIBF form to intracytoplasmic split variants
of 34–36 kDa products.56,58 That, of course, would not allow easy detection of modification of P therapy
during a pregnancy if that was the main operative mechanism.
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Introduction
The role of progesterone in the mammalian reproductive cycle is well described and undisputed. Its
pharmaco-dynamics have been extensively studied and progesterone has been synthesized and commercially available since 1935. However, despite the putative role of progesterone in ameliorating unexplained recurrent pregnancy loss, the evidence base for its use in this setting is lacking, despite decades
of clinical use. With this in mind, we argue that the use of progesterone supplementation for women, in
whom no identifiable cause for three or more successive pregnancy losses before 20 weeks of gestation
has been identified, is currently unjustified.

Scientific Basis
Luteal Phase Defect
Removal of the corpus luteum before the end of the seventh week of amenorrhoea leads to miscarriage.
Rescue can be achieved with progesterone therapy but not with estrogen.1 Corpus luteum deficiency,
or luteal phase defect (LPD), has been cited as the underlying pathology in 35–40% of unexplained
recurrent pregnancy losses manifesting in low serum progesterone levels and out-of-phase endometrial
biopsies.2,3 However, women with no history of recurrent miscarriage (RM) may exhibit endometrial
histology suggestive of LPD in as many as 50% of single menstrual cycles and 25% of sequential
cycles.4 A prevalence study of out-of-phase endometrial biopsy specimens5 failed to show any significant difference between fertile and infertile patients and recurrent pregnancy loss, which calls the role
of this intervention into question. In a series of 74 women with RM before 10 weeks of gestation, there
was no difference in pregnanediol excretion curves between those women who either miscarried, or
went on to have a successful pregnancy.6 In fact estriol was a better prognostic indicator, showing lower
values in those destined to miscarry.
In a recent retrospective observational study of 132 women with unexplained RM, midluteal serum
progesterone measurements were analyzed in a preconception cycle. Midluteal serum progesterone
values were compared in women who went on to have a subsequent miscarriage and those who went
on to have a live birth. The serum progesterone concentration in the live birth group (n = 86) and
miscarriage group (n = 46) were 42.3 ± 2.4 nmol/L (mean ± SE) and 42.5 ± 3.2 nmol/L, respectively.7
This study concluded that midluteal serum progesterone measurements do not predict the outcome of
a subsequent pregnancy in women with unexplained RM. These results complement the findings of
Peters et al.,5 who proposed that LPD does not exist in the women with recurrent miscarriage group.
In 1993, Quenby and Farquharson8 audited 203 consecutive couples attending their clinic and found
that, compared to any other predictor, oligo-amenorrheic women were most likely to have further miscarriages, and further, that they exhibited low luteal phase estradiol levels but normal luteal progesterone and normal luteinising hormone (LH) profiles throughout the cycle. A more recent study found that
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a mid-luteal progesterone level of <10 ng/mL (as a marker of luteal phase deficiency), did not predict a
future pregnancy loss in women with two successive unexplained first trimester miscarriages.9

Progesterone and Immuno-Modulation in Early Pregnancy
There is increasing evidence that progesterone is a key modulator in the immune response required
to achieve a successful pregnancy outcome. The complexities of the adaptation between the maternal
immune system and the semiallograft of the feto-placental unit are not clearly understood. The presence
of progesterone and an upregulation of progesterone receptors on both decidual natural killer (NK) and
placental lymphocytes appears to be required to defend the developing trophoblast from the maternal
immune reaction.10 These activated cells then synthesize progesterone-induced blocking factor (PIBF)
mediating both the immuno-modulatory and antiabortive effects of progesterone.11 In addition to the
shift towards Th-2 cytokine production, NK cytolytic activity in human pregnancy is inversely related
to the levels of PIBF-positive lymphocytes,12 and neutralization in pregnant mice results in NK-mediated
abortion.11 The cellular T cell system, in particular the Th-1 cells, modulates this immune response
releasing either Th-1 cytokines (such as TNF α) that induce cytotoxic and inflammatory reactions, or
Th-2 cytokines (e.g., IL 10) associated with B cell production.13 Serum cytokine profiles demonstrate
a shift towards Th-2 in normal pregnancy whereas in RM sufferers the Th-1 response predominates.14
A recent study reports that the administration of intramuscular progesterone injections to RM patients
restored levels of soluble TNF receptors to values seen in women with no such history.15 However, the
treatment only commenced at eight weeks of gestation, included women up to 40 years of age and
furthermore, it showed that in some of the cases no response in terms of receptor levels was seen in
pregnancies which then went on to miscarry. PIBF appears to be the main modulator of the actions of
progesterone, with significantly lower expression in RM patients compared to those with a healthy pregnancy.16 Conversely, Check et al.17 treated women in the first trimester aggressively with progesterone,
but found no differences in PIBF expression by lymphocytes. However, Th cytokines were not measured
in this study and could not be correlated either with PIBF levels or any given response to progesterone
supplementation in specific patients. Murine experiments have shown a poor correlation between Th1/
Th2 cytokines ratios and abortion rates implicating environmental selective pressures in eliminating
“genetically weaker” embryos in early pregnancy.18 Whilst some rodent data are enticing, PIBF data in
human pregnancy are scanty and the mechanisms underlying immune-mediated pregnancy loss remain
incompletely elucidated.19

Clinical Data
The uterine decidual and systemic levels of progesterone necessary to maintain an early pregnancy
in humans are not understood20 and hence clinical studies must by definition employ arbitrary doses/
mode of delivery of supplementary drug. Furthermore, although the study criteria that should be fulfilled when designing a treatment trial for unexplained recurrent pregnancy loss have been proposed
(see Table 15.1)21 no published clinical trials that have systematically evaluated the role of progesterone
treatment in recurrent pregnancy loss which fulfil these criteria are available.
Two meta-analyses published in the same journal reported conflicting results regarding the value of
progesterone supplementation in miscarriage patients. Goldstein et al.22 included trials of women with a
“high risk” pregnancy, including a history of previous miscarriage, stillbirth or current preterm labour. In
addition the authors used different preparations commenced at varying gestations and not surprisingly no
benefit of treatment was identified. They subsequently recommended that randomized trials should be the
only setting for the use of progestational agents in pregnancy. By contrast, Daya23 presented a meta-analysis of controlled trials studying the efficacy of progesterone support for pregnancy in women with a history
of RM. Although the odds ratio for pregnancies reaching at least 20 weeks of gestation was 3.09 (95% CI
1.28–7.42), even he concluded that RM patients with luteal phase deficiency should have the efficacy of
progesterone assessed in prospective double-blind randomized controlled trials. Closer inspection of the
data sets reveals why this conclusion was reached. Only three studies met the inclusion/exclusion criteria,
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TABLE 15.1
Study Criteria for Recurrent Pregnancy Loss Treatments
1. Scientifically sound rationale
2.	Power calculation ensuring sufficient numbers using reasonable assumption (e.g. 60% success without and 80%
success with treatment)
3. Exclusion of patients with less than 3 unexplained clinical pregnancy losses
4. Exclusion of patients with presumed causes for prior pregnancy losses
5. Prospective study design
6.	Pre-stratification of participants by age and number of prior losses (both independent risk factors for subsequent loss)
7. Effective randomisation after pre-stratification
8. Placebo controlled
9. Double-blind
10. No concomitant therapy
11. Karyotype of subsequent losses
12. Follow-up to ensure safety
Source: Hill JA. J Soc Gynecol Invest 1997;4:267–73.

and since the differences between the experimental groups were insignificant, they had to be pooled to
achieve a statistically significant power calculation. None of these three studies demonstrated a significant
progesterone deficiency; each employed a different progestogen, and each had different inclusion criteria
but recruited patients only after they had reached at least eight weeks of gestation. In addition, only 50
treated and 45 control patients were identified in total. In the study by Levine,24 patients were allocated
to their treatment arm alternately as they presented, not randomly. Furthermore, the series published by
Swyer and Daley25 was similarly not “blinded”—treated patients were administered an implant whilst
some controls were offered a placebo tablet. These data were again reviewed in the Cochrane meta-analysis published in 2003 which concluded that there was a statistically significant reduction in miscarriage
which favored those women in the progestogen group, OR 0.37 (95% CI0.17–0.91).26
In a subsequent small trial,27 a significant reduction in the miscarriage rate was observed in women
receiving dydrogesterone (10 mg orally) in early pregnancy compared to those who remained untreated
(p < 0.05). In this trial women with an average of 3.3 previous unexplained recurrent abortions were
randomized to receive either no treatment (n = 30), dydrogesterone (n = 48), or hCG (5000 IU IM every
four days n = 36) from as soon as pregnancy was confirmed until the 12th week of gestation. This trial
does not, however, conform to the gold standards cited in Table 15.1.
A further analysis of the available trials was published in 2011, drawing attention to the small participant numbers and the fact that they were of poor quality (the modified Jadad quality scores ranged
from 0/5 to 2/5). These authors conceded that there was a trend towards progesterone supplementation
being of benefit, with a 42–69% reduction in the rate of miscarriage, but emphasized the wide confidence intervals and the lack of statistically significant differences in all but one of the four studies.
Furthermore, they highlighted that no data were available for other important and clinically relevant
outcomes such as live birth.28
The most recent Cochrane meta-analysis of four trials involving 225 women with a history of three
or more consecutive early miscarriages reported that progestogen treatment is associated with a statistically significant decrease in the miscarriage rate compared to placebo or no treatment (OR 0.39; 95% CI
0.21 to 0.72). However, once again the quality of the methodology was considered to be poor.29

Conclusions
The UK has licensed three progestogenic products for use in early pregnancy—intramuscular progesterone, vaginal progesterone and oral dydrogesterone, which have been available for between 10 and
20 years. However, the number of studies examining the efficacy of progesterone supplementation in
early pregnancy are few and the total participants recruited remains small. In brief, they do not fulfil
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the criteria required to generate meaningful results. In addition, the diversity of biological and pharmacological variables does not allow extrapolation of the results across studies. Importantly, although no
obvious adverse effects to mother or fetus have been reported, the relatively small population studied
means that a low level of risk may as yet be unidentified.
The observed frequency of another miscarriage after three previous episodes is over 50% and the
wish to prescribe an apparently safe and well-tolerated treatment is appealing, especially in light of the
emerging scientific understanding of early pregnancy failure. As yet, however, the evidence for “tender
loving care” shows a similar improvement in outcomes. The need “to do something” for a group of
unfortunate patients often seems to override the use of an evidence-based approach to management.
Whilst treatment does not appear to do harm, the evidence for the use of progesterone supplementation
in recurrent pregnancy loss is contentious at best, dated and poor at worst.
In the UK, some 90% of physicians remain unconvinced of any beneficial effects and believe
that evidence in the form of a large placebo-controlled randomized trial is required.28 The results
of such randomized controlled trials of progesterone supplementation for RM are eagerly awaited.
The PROMISE (Progesterone in miscarriage) trial is a large multicentered study examining the
effect of Cyclogest vaginal pessaries (micronized progesterone) versus placebo, funded by the Health
Technology Assessment arm of the Medical Research Council (ISRCTN 92644181). It is hoped that
the results of this study will provide clear evidence for the role of progesterone in the management
of RM.
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Chapters 14 and 15 have debated whether progesterone supplementation should be used in RPL. The
theoretical basis, diagnosis of luteal deficiency and immunological actions of progesterone have been
discussed. However, there are numerous progestogens available, and the reader may be in a quandary
over which progestogen to prescribe, if at all. This chapter will try to assess the different types of progesterone and the evidence (or lack) of effect. Progestogen supplementation is used as a treatment for a presumed maternal cause of pregnancy loss, that is, luteal deficiency. Chapters 3, 11, and 12 have described
the embryonic causes of RPL. 40% of recurrent miscarriages are due to chromosomal aberrations which
are incompatible with life. It is against this background that the effect of progesterone has to be assessed.
The relative merits of the different progestogens should be based on efficacy data and possible maternal
and fetal side effects.

Assessment of Luteal Deficiency
Serum progesterone levels have been used to make prognoses about the continued development of pregnancy and even to diagnose pregnancy loss. The lowest progesterone level to be associated with a
viable pregnancy was 5.1 ng/mL in the series by Stovall et al.1 A single progesterone level ≥25 ng/mL
was associated with a 97% likelihood of viable pregnancy. Al-Sebai et al.2 summarized 358 threatened
abortions <18 weeks; a single progesterone level ≤45 nmol/L (14 ng/mL) was reported to differentiate
between aborting and ongoing pregnancies, (sensitivity 87.6%, specificity 87.5%). Arck et al.3 have
reported that low serum progesterone (≤12 ng/mL) is associated with an increased risk of miscarriage.
However, serum progesterone levels are notoriously unreliable. Progesterone secretion pulsatile blood
may be drawn at a pulse peak or nadir. These may vary ten-fold.4 Hormone levels may be normal, but
histology abnormal due to deficiency of progesterone receptors. Abnormal embryos produce low hCG
levels. Low hCG levels lead to low progesterone levels. Consequently, low progesterone may be the
mechanism rather than the cause of abortion. In these circumstances, diagnosis and treatment should
probably be empirical rather than based on progesterone levels.
Before a trial of progesterone can be said to be conclusive, other predictive factors should be
taken into account. These have been described in Chapter 1 and include the following. (1) The most
important predictive factor is the number of previous miscarriages. The higher the number of previous miscarriages, the lower the live birth rate. As the number of previous losses increases, the chance
of a live birth decreases.5 Each subsequent miscarriage lowers the live birth rate by 23%6 and (2)
maternal age.

Evidence of Efficacy
Daya7 reported a meta-analysis of controlled trials studying the efficacy of progesterone in RPL. The
odds ratio for pregnancies to pass 20 weeks was 3.09 (95% CI 1.28–7.42). However, none of the three
reports in Daya’s7 meta-analysis had sufficient power to show statistical significance. Each used a
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Study ID

Year

Exposed

Control

Weight

OR with 95% CI

Swyer and Daley

1953

21/27

11/20

24.86%

2.8636 (0.8086 to 10.1421)

Goldzieher

1964

6/8

6/10

11.80%

2 (0.2601 to 15.3811)

Le Vine

1964

12/15

7/15

12.39%

4.5714 (0.9032 to 23.1367)

EI Zibdeh

2005

71/82

34/48

50.94%

2.6578 (1.0923 to 6.4669)

58/93 (62%)

100%

2.8685 (1.5293 to 5.3805)

Meta-analysis:

110/132 (83%)

0.1

1

10

100

OR (log scale)

FIGURE 16.1

Meta-analysis on progestogen support in recurrent miscarriage.

different progesterone regimen. No trial matched for predictive factors, or chromosomal aberrations.
Additionally, these trials came from the 1950s and 1960s. At that time there was no early ultrasound
available. There was no matching for the presence of a fetal heart. Hence, some patients with missed
abortions might have been treated after fetal demise. There was no matching for the start of treatment.
Therefore some patients may have had treatment after fetal viability was assured. Oates-Whitehead
et al.8 reassessed the results of progesterone supplementation in RPL for the Cochrane Database. He was
only able to find the same three papers for his meta-analysis as in Daya’s7 previous meta-analysis, and
the results were similar. Oates-Whitehead et al. concluded, “There was evidence that women who have
suffered three or more miscarriages may benefit from progestogen during pregnancy but more trials are
needed.” There have been two further trials.9,10 Both assessed dydrogesterone. Both reported a statistically significant decrease in the number of subsequent miscarriages.
An updated meta-analysis is shown in Figure 16.1. This meta-analysis shows a statistically significant OR of 3.18 for a live birth (CI 2.02–5.10). There has been an additional attempt to carry out a
randomized trial on dydrogesterone11 which was abandoned due to lack of recruitment. A large multicenter study (PROMISE) is currently investigating micronized progesterone supplementation in women
with unexplained RPL. However, as the PROMISE trial does not account for the confounding effect of
embryonic chromosomal aberrations, it is likely to show a negative result. The results may then need to
be added to the meta-analysis in Figure 16.1 to draw conclusions.

Which Progestogen
The term “natural progesterone” is often used. However, all progestogens including micronized
progesterone are produced from plant steroids, found in Dioscorea mexicana, a plant of the yam
family native to Mexico. Dioscorea contains a sterol called diosgenin. Diosgenin is converted to
progesterone. Hence the source is always natural. However, progesterone is ineffective. In order to
be used therapeutically, it can be micronized, converted with UV light to dydrogesterone, or compounded to 17-OHP. Hence, each progestogen is artificially manipulated. The next section deals with
the progestogens in use in pregnancy.

Micronized Progesterone
Micronized progesterone can be administered orally or vaginally. The oral route is easiest, but progesterone is degraded in the liver. There is extreme variability in plasma concentrations.12 Side effects
include nausea, headache, and sleepiness. Vaginal administration avoids hepatic metabolism, there is
rapid absorption, high bioavailability, and local endometrial effects.13 It is not painful, and there are few
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side effects. However, there are problems with patient compliance. Vaginal administration is unacceptable in some societies. Vaginal progesterone is uncomfortable if there is bleeding or discharge and may
be washed out if bleeding is severe.
In order to draw up Figure 16.1 a thorough literature search was carried out for all papers in
EMBASE and Ovid MEDLINE® using search terms, progesterone, progestagens, micronised progesterone, 17-OH Progesterone, Duphaston or dydrogesterone. No reports were found on micronised progesterone for recurrent miscarriage.

Intramuscular Progesterone
Progesterone can be compounded for intramuscular injection, either as 17-hydroxy progesterone
acetate, or as caproate in a depot form. The drug is suspended in oil for injection. Intramuscular
progesterone achieves optimal blood levels. However, the side effects are many, including extreme
pain, swelling, itching and other local reactions at injection site, abscess formation, hypersensitivity
reactions, cough, dyspnea, tiredness, dizziness, genital itching, and increased risk of gestational diabetes, mood swings, headaches, bloating, abdominal pain, perineal pain, constipation, diarrhea, nausea,
vomiting, joint pain, depression, decreased sex drive, nervousness, sleepiness, breast enlargement,
breast pain, dysuria, polyuria, urinary tract infection (UTI), vaginal discharge, fever, flu-like symptoms, back pain, leg pain, sleep disorder, upper respiratory infection, asthma, acne, and pruritus.14
There are concerns regarding the vehicle, castor oil, which may induce labor by stimulating the
release of prostaglandins.15,16 Three clinical studies in singleton pregnancies have all shown an increased
risk of miscarriage compared to placebo.17–19 Hence, the U.S. Food and Drug Administration (FDA) has
expressed concern about miscarriage at the 2006 advisory committee, and has stated that further study
is required to evaluate the potential association of 17OHP-C with an increased risk of second trimester
miscarriage and stillbirth.14 Meantime, the only trial of 17-hydroxy progesterone acetate in RPL20 found
a small but statistically insignificant benefit in a small trial of 18 patients.

Dydrogesterone
Dydrogesterone is manufactured by treating progesterone with ultra-violet light, leading to a change
in the spatial structure. Dydrogesterone is structurally and pharmacologically similar to progesterone, and acts through the progesterone receptor. In fact, dydrogesterone seems to bind the receptor
approximately 50% more than progesterone itself.21 Dydrogesterone has good oral bioavailability.
Although metabolized in the liver, the metabolite 20-dihydrodydrogesterone is biologically active,
unlike the metabolites of progesterone (pregnanediol, pregnanetriol and pregnanolone) which are
inactive. As dydrogesterone binds the receptor directly, there is no change in serum progesterone
levels, and consequently, no inhibition of progesterone formation in placenta.22 There are minimal
side effects,23 In fact, it has been estimated that between 1977 and 2005 approx. 38 million women
were treated with dydrogesterone, and more than 10 million fetuses exposed.23 The drug is not
washed out by bleeding or discharge. In the six papers quoted in Figure 13.1, only dydrogesterone
had a statistically significant beneficial effect. The reports on each of the other three progestogens
were underpowered to show any statistically significant benefit. They only included 95 patients.
Whereas Kumar et al.’s10 report on dydrogesterone in recurrent miscarriage includes 348 patients.

Congenital Malformations
The question of congenital malformations is essential regarding progestogens. Most reports of malformations have concentrated on the androgenic and antiandrogenic effects. Derivatives of 19-nortestosterone have been reported to cause virilization of the female embryo in rats. Virilization has never been
reported in humans. However, the work in rats has led to progestogens derived from 19-nortestosterone
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not being used in pregnancy. Progesterone itself has antiandrogenic effects. There have been reports
of progesterone being associated with an increased incidence of hypospadias. 17-Hydroxyprogesterone
acetate has been associated with an increased chance of abortion.14 Dydrogesterone has no effect on
the androgen receptor. As stated above, Queisser Luft23 has stated that 10 million fetuses have been
exposed. There have been no increased risks of malformations with dydrogesterone.

Conclusions
Progesterone has numerous functions in pregnancy, and is essential for pregnancy to develop. Although
there is a statistically significant 25% improvement in the live birth rate with progesterone supplementation, the figures, as for any treatment for maternal treatment of RPL, are confounded by fetal factors.
As some of the papers in the meta-analysis in Figure 16.1 rely on papers published in the 1950s and
1960s it was questionable whether the previous metaanalyses were biologically or medically significant. However, the newer trials indicate that dydrogesterone has a significant effect. The results of the
trial on micronized progesterone are eagerly awaited.
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Debate: Should Human Chorionic Gonadotropin
Supplementation Be Used? Yes
James Walker

Introduction
In the late 1920s, Allen and Corner carried out experimental work demonstrating that preparations made
from corpus luteum extracts could successfully support pregnancies in animals where the ovaries had been
ablated.1 Further work demonstrated that these preparations contained progesterone. However, initial work
on the use of progesterone in maintaining early pregnancy in castrated rabbits failed and it was not until the
study published in 1939 that a successful trial was achieved.2 The difference in this study was that the castration was carried out after the 11th day following mating, when implantation of the embryos had occurred.
Other work suggested an estrogen was more important in supporting the early pregnancy.3 However, unlike
in small animals, which almost inevitably abort after ovariectomy, the results in pregnancies in larger animals and humans were mixed with many cases cited in which abortion was seen to follow removal of the
corpus luteum, while in others pregnancy appeared to continue successfully after ovariectomy in mid-pregnancy without hormonal support. It became clear that the effect was gestation dependent.4 In human pregnancy, exogenous progesterone support was required only until around eight weeks gestation after which
the pregnancy continued independently. The explanation of this became obvious with the realization that
the corpus luteum is critical in early pregnancy, after which time the trophoblast takes over the hormonal
support. This “hand over” time appeared to be between seven and eight weeks’ gestation.
Because progesterone was thought to be important for the maintenance of normal pregnancy, the
concept that a deficiency in progesterone might lead to miscarriage was a natural follow-on. By the late
1940s, it had been shown that functional reproductive deficits sufficient to cause infertility or recurrent
abortion were present in women who appeared to be having regular menstrual cycles.5 These abnormalities were due to a deficit in progesterone secretion during the luteal phase of the cycle (luteal phase
deficiency). This disorder was characterized by inadequate endometrial maturation and was reported
in up to 60% of women with recurrent miscarriage. However, these early studies are open to question
since there was no reliable method of dating the cycle. Since many of these studies presumed that the
patient’s menstrual pattern is a normal 28-day cycle, these endometrial abnormalities could be related
to prolonged cycles. However, more recent studies on the hormonal cycle have confirmed abnormalities
of corpus luteal function with deficiency in progesterone levels in the luteal phase and early pregnancy
of those with a history of miscarriage but in a lower percentage.6 In one of the few prospective studies
evaluating women with three or more consecutive miscarriages, luteal phase defect (LPD) was believed
to be the cause in 17%.7 Those found to have LPD are more likely to have early losses (prior to the detection of fetal heart activity) than later loss.8

The Evidence
Intervention—Estrogen
If hormonal lack is associated with miscarriage, hormonal support might be a possible therapy. The
problem with steroid hormones is that they cannot be taken by mouth and synthetic substitutes are
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required. Because of the early work showing the benefit of an estrogen,3 the first therapeutic trials were
with diethylstilbestrol, a nonsteroidal estrogenic substance. This was given in large doses. None of
these studies showed benefit and by the 1970s there was evidence of the effect of this medication on the
female offspring.9–11 Therefore, not only did estrogenic support not appear to be beneficial, it had major
side effects in the female offspring. These included abnormalities of the cervix, recurrent pregnancy
loss and, in extreme cases, clear cell carcinoma of the vagina. These studies had a significant influence
on studies of hormonal support in pregnancy with the fear that hormones could have a detrimental effect
on the unborn child.

Intervention—Progesterone
With previous studies suggesting that progesterone is the main supportive hormone in early pregnancy,
there has been, in recent years, an interest in its use in in vitro fertilization. This support is given early,
after embryo transfer, to support the luteal phase and the trials demonstrate an increase in successful
pregnancies.12 Interestingly, synthetic progesterone appeared to be superior to micronized progesterone.
Because of the risk of ovarian hyperstimulation syndrome (OHSS), the use of human chorionic gonadotrophin (hCG) was not recommended.
A Cochrane systematic review of the studies on the use of progesterone to prevent spontaneous miscarriage show no benefit irrespective of the route of administration or type of progesterone used.13
However, in the subgroup of patients with a history of recurrent miscarriage, there was significant
increase in live birth rate. In all studies, there appear to be no obvious side effects. Therefore, there
does appear to be some possible benefit of the use of progesterone in women with recurrent miscarriage
to improve live birth rate and a large multicenter trial (PROMISE) is currently underway to assess the
role of progesterone.14

Intervention—Human Chorionic Gonadotrophin
Human chorionic gonadotrophin is the hormone, produced by the placenta, responsible for the corpus
luteal support in early pregnancy. If placentation is failing, levels of hCG may well be low resulting in
low progesterone and leading to miscarriage.15 Rather than giving exogenous progesterone, hCG treatment would stimulate the natural progesterone production and reduce the risks of abnormal effects
on the fetus of progestogenic drugs. In recurrent miscarriage, two early small studies were supportive
of benefit16,17 which led to larger trials, some which were not confirmatory18 and others supportive.19
A meta-analysis of these four trials suggested treatment with hCG reduced the risk of miscarriage in
women with a history of recurrent miscarriage (odds ratio 0.26, 95% confidence interval (CI) 0.14 to
0.52).20 However, the authors cautioned the readers as they felt that there was some weakness in the
older trials. Subanalysis in one of the trials suggested a particular benefit in women with oligomenorrhea.19 Carp21 has criticized both the methods of the underlying trials and called for larger better-structured design to answer the question. A more recent meta-analysis22 in the Cochrane database included
a fifth trial23 which had included hCG as one arm of a randomized trial. With the inclusion of this trial,
the meta-analysis suggested a statistically significant benefit in using hCG (risk ratio (RR) 0.51, 95%
CI 0.32 to 0.81; five studies, 302 women). If an early trial24 and a later large observation study,21 are
included in an updated meta-analysis, the results improve to a relative risk of 0.44 for preventing subsequent miscarriage, 95% CI 0.31 to 0.63; seven studies, 671 women (Figure 17.1).
These studies vary in their selection, randomization and blindness and, in most published meta-
analyses, studies are removed if the methodology is thought to be of a lower standard and this always
removes the statistical significance. The authors of the latest Cochrane systematic review22 state that the
evidence supporting hCG supplementation to prevent RM remains equivocal and that a well-designed
randomized controlled trial of adequate power and methodological quality is required to determine
whether hCG is beneficial in RM. However, it is important to notice that all the published studies
show benefit. So the loss of significance is more related to the removal of numbers than the removal of
bias papers. The subanalysis of studies yield interesting questions that highlight some of the problems
of studies into recurrent miscarriage. Quenby and Farquharson19 suggested benefit for those with a
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Estimate

Sandler and Bailie (1978)
Harrison (1985)
Svigos (1982)
Harrison 2 (1992)
Quenby (1994)
EI-Zibdeh (2005)
Carp (2010)

0.447
0.067
0.128
0.813
0.557
0.617
0.357

(0.155, 1.294) 4/23
7/18
(0.004, 1.030) 0/10
7/10
(0.019, 0.881) 1/13
9/15
(0.312, 2.115) 6/36
8/39
(0.223, 1.389) 6/42 10/39
(0.295, 1.291) 9/50 14/48
(0.248, 0.512) 33/199 16/129

Overall (I2 = 17%, P = 0.300)

0.440

(0.310, 0.626) 59/373 115/298

(95% CI) Ev/Trt Ev/Ctrl

0

0.01

0.02

0.04

0.09

0.22

0.43

0.85

2.11

Relative risk (log scale)

FIGURE 17.1 A Forrest plot of the cumulative studies into the use of hCG in recurrent miscarriage.

diagnosis of oligomenorrhea, and Carp21 showed greater benefit for those with “poor prognosis”, usually
meaning those with a larger number of losses.

Problems of Interpretation
In all the published studies, the success rate of the treatment arm is 84% (range 82–100) and 61% (range
30–80) in the control arm. This suggests that the likelihood of a statistical difference is more to do with
the poor outcome in the control group, which would reflect the background prognosis of those selected.21

Timing of Therapy
In many studies, treatment is commenced after viability has been confirmed by ultrasound. Since over 75%
of recurrent miscarriages occur before this and only 25% after ultrasonic detection of a fetal heartbeat, if
ultrasound detection of a fetal heart is required, the majority of miscarriages have already occurred. The
early studies suggest that the benefit of hormonal therapy is early in the pregnancy and may not be beneficial after eight weeks’ gestation. In the El-Zibdeh study,23 early recruitment was used and demonstrated a
significant benefit from both an oral progesten and, less so, hCG, in recurrent miscarriage.

Chromosomal Abnormality
HCG cannot be expected to influence karyotypic aberrations, only to affect the outcome of pregnancies
with chromosomally normal embryos. In these studies, the results were not corrected for karyotypic
aberrations in the embryo. In the Carp series21 seven miscarriages in the hCG group were due to trisomies (2,15,16,16,21,22,22). Two of these patients had subsequent live births on hCG treatment. If these
patients were excluded from the results, the benefit from hCG would be even higher.

Poor Prognosis
Although recurrent miscarriage is traditionally defined as three successive miscarriages, some trials use
women after two miscarriages to allow for an increase in numbers. In his recent review of the problems
of these trials, Carp states that those with a higher degree of loss (five or more) have a greater benefit
from treatment, partly due to the greater likelihood of repeated failure leading to a higher loss rate in
the control group.25 This does not mean that those with a lower degree of loss do not benefit but, since
their background success is better, the benefit provided by hCG is less and more difficult to prove.

Timing of Loss
It is likely that, if hCG is beneficial, it will be in women with a likelihood of hormonal deficiency in
early pregnancy. One obvious group is those with oligomenorrhea19 but also those with recurrent early
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(less than eight week) losses. It is at this time of pregnancy that the science would suggest that hormonal
support is most beneficial.

Conclusions
HCG therapy is not a panacea for all cases of recurrent miscarriage, but it appears to be beneficial in
a particular targeted group. The problem is selecting that target group. Certainly, those with a proven
cause, such as antiphospholipid syndrome and chromosome abnormalities are unlikely to benefit. Those
with repeated early loss (prior to a positive fetal heart) and those with an irregular cycle would appear
to be more likely to benefit. By using these criteria, around 30% of cases of recurrent miscarriage could
be offered hormonal support with a success rate of around 85%.23 Whether to use a progestogen or hCG
is a more difficult argument. However, with the concerns over the potential in utero effects of exogenous
hormones, hCG has the advantage of being more “natural” with evidence of, at least, similar benefits.
I therefore support the use of hCG in the treatment of recurrent miscarriage in an appropriately
assessed population.

REFERENCES
1. Allen WM, Corner, GW. Physiology of the corpus luteum: III. normal growth and implantation of
embryos after very early ablation of the ovaries, under the influence of extracts of the corpus luteum.
Am J Physiol 1929;88:340–6.
2. Allen WM, Heckel, GP. Maintenance of pregnancy by progesterone in rabbits castrated on the 11th day.
Am J Physiol 1939;125:31–5.
3. Heckel GP, Allen, WM. Maintenance of the corpus luteum and inhibition of parturition in the rabbit by
injection of estrogenic hormone. Endocrinology 1939;24:137–9.
4. Russ W. The maintenance of pregnancy in the human after removal of both ovaries—Case report. Ann
Surg 1940;111(5):871–3.
5. Jones GES. Some newer aspects of the management of infertility. JAMA, J Am Med Assoc.
1949;141:1123–9.
6. Miller H, Durant, JA, Ross, DM, O’Connell, FJ. Corpus luteum deficiency as a cause of early recurrent
abortion: A case history. Fertil Steril 1969;20(3):433–8.
7. Tulppala M, Bjorses UM, Stenman UH et al. Luteal phase defect in habitual abortion: Progesterone in
saliva. Fertil Steril 1991;56(1):41–4.
8. Li TC, Iqbal T, Anstie, B. et al. An analysis of the pattern of pregnancy loss in women with recurrent
miscarriage. Fertil Steril 2002;78(5):1100–6.
9. Lanier AP, Noller KL, Decker DG et al. Cancer and stilbestrol. A follow-up of 1,719 persons exposed to
estrogens in utero and born 1943–1959. Mayo Clin Proc 1973;48(11):793–9.
10. Vessey MP, Fairweather DV, Norman-Smith B, Buckley J. A randomized double-blind controlled trial of
the value of stilboestrol therapy in pregnancy: Long-term follow-up of mothers and their offspring. Br J
Obstet Gynaecol 1983;90(11):1007–17.
11. Bamigboye AA, Morris, J. Oestrogen supplementation, mainly diethylstilbestrol, for preventing miscarriages and other adverse pregnancy outcomes. Cochrane Database Syst Rev 2003;(3):CD004271.
12. van der Linden M, Buckingham K, Farquhar C et al. Luteal phase support for assisted reproduction
cycles. Cochrane Database Syst Rev 2011;(10):CD009154.
13. Haas DM, Ramsey PS. Progestogen for preventing miscarriage. Cochrane Database Syst Rev
2013;(10):CD003511.
14. PROMISE trial. http://www.controlled-trials.com/ISRCTN92644181.
15. Tong S, Wallace EM, Rombauts L. Association between low day 16 hCG and miscarriage after proven
cardiac activity. Obstet Gynecol 2006;107(2 Pt 1):300–4.
16. Svigos J. Preliminary experience with the use of human chorionic gonadotrophin therapy in women with
repeated abortion. Clin Reprod fertil 1982;1(2):131–5.
17. Harrison RF. Treatment of habitual abortion with human chorionic gonadotropin: Results of open and
placebo-controlled studies. Eur J Obstet Gynecol Reprod Biol 1985;20(3):159–68.

Debate: Should Human Chorionic Gonadotropin Supplementation Be Used? Yes

147

18. Harrison RF. Human chorionic gonadotrophin (hCG) in the management of recurrent abortion; results
of a multi-centre placebo-controlled study. Eur J Obstet Gynecol Reprod Biol 1992;47(3):175–9.
19. Quenby S, Farquharson RG. Human chorionic gonadotropin supplementation in recurring pregnancy
loss: A controlled trial. Fertil Steril 1994;62(4):708–10.
20. Scott JR, Pattison N. Human chorionic gonadotrophin for recurrent miscarriage. Cochrane Database
Syst Rev 1996(1):CD000101.
21. Carp HJ. Recurrent miscarriage and hCG supplementation: A review and metaanalysis. Gynecol
Endocrinol 2010;26(10):712–6.
22. Morley LC, Simpson N, Tang T. Human chorionic gonadotrophin (hCG) for preventing miscarriage.
Cochrane Database Syst Rev 2013;(1):CD008611.
23. El-Zibdeh MY. Dydrogesterone in the reduction of recurrent spontaneous abortion. J Steroid Biochem
Mol Biol 2005;97(5):431–4.
24. Sandler SW, Baillie P. The use of human chorionic gonadotropin in recurrent abortion. South Afr Med J
1979;55(21):832–5.
25. Carp HJ. hCG supplementation in recurrent miscarriage: Pros and cons. In: Gonadal and Nongonadal
Actions of Gonadotropins. Kumar ARC, Chaturvedi PK, Halder A, Rahman N eds. New Delhi: Narosa
Publishing House; 2010.

18
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Supplementation Be Used? No
Harish M. Bhandari and Siobhan Quenby

Introduction
Despite best efforts to identify the underlying causes of recurrent miscarriage (RM), it remains “unexplained” in the majority of cases. These couples request, and at times demand, treatment to achieve a
successful reproductive outcome in a future pregnancy. As a result, many therapeutic interventions to
supplement pregnancy hormones and/or to modify immune environment have evolved over the years.
Most of the interventions have been used on an empirical basis with no strong evidence from welldesigned studies. Here we argue that although human chorionic gonadotropin (hCG) supplementation
has biological plausibility, it may have a detrimental effect on maternal decidualization, a crucial part
of early pregnancy maintenance. A systematic review of the clinical evidence1 does not support the use
of hCG.
hCG is essential for the development of early pregnancy because it maintains the production of
steroid hormone secretions from the corpus luteum. In addition, hCG has been found to have varied gonadal and extragonadal actions. hCG is a glycoprotein and is structurally similar to the other
hormones in the glycoprotein hormone family, which includes luteinizing hormone (LH), follicle
stimulating hormone (FSH), and thyroid stimulating hormone (TSH). These hormones have an identical α-subunit, but unique β-subunits that confer biological specificity. hCG is not a single molecule,
but there are five different variants identified so far which share a common α-subunit and β-subunit
amino acid sequence, but are found to have dissimilar functions.2 The three important forms of hCG
in early pregnancy are—(a) standard hCG produced by the syncytiotrophoblast, (b) sulfated hCG
formed by the pituitary gonadotrophs3 and (c) hyperglycosylated hCG (hCG-H) secreted exclusively
by extravillous cytotrophoblasts.4,5 The other two forms, hCGβ and hyperglycosylated hCGβ, are
produced by most advanced cancers and may promote their invasion (except for choriocarcinoma and
germ-cell tumors).6,7
Different isoforms of hCG have differing and multiple biological functions—standard hCG is responsible for promoting secretion of progesterone, involved in angiogenesis, differentiation of trophoblast
cells and endometrial preparation for an implanting embryo. It is essential for preventing immune rejection of the invading feto-placental tissues, responsible for myometrial quiescence and also important
for the development of fetal organs. Sulfated hCG, which has a higher circulating half-life than LH,
supplements the action of LH in promoting ovulation, androstenedione production by theca cells and
progesterone production by corpus luteal cells. The hCG-H enhances implantation by promoting the
growth and invasion of cytotrophoblast cells. It has also been implicated in the evolution of choriocarcinoma and germ-cell cancers.2
hCG is detectable in the serum from the time of implantation and increases to a peak at 10 weeks
of gestation, following which the levels remain stable throughout pregnancy. The principle function of
hCG is to temporarily rescue the corpus luteum and to maintain the production of progesterone from
the luteal cells. Progesterone production is taken over by the placenta at approximately seven weeks of
pregnancy (luteo-placental shift).8 Evidence from human studies suggests that the increasing amounts of
hCG during the first few weeks of pregnancy are necessary for continued progesterone synthesis from
the corpus luteum. In the absence of pregnancy, the administration of exogenous hCG is associated
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with prolonged corpus luteum function, provided that hCG was administered before the onset of luteal
regression which occurs in the late luteal phase. In pregnant women with threatened miscarriage, hCG
treatment is associated with a significant increase in hCG and progesterone levels.9 In a series of clinical trials, Csapo and colleagues demonstrated that lutectomy prior to the seventh week of pregnancy
caused a decrease in progesterone levels and subsequent miscarriage and that progesterone supplementation prevented the effect of lutectomy. However, when the corpus luteum was excised after the luteoplacental shift pregnancy was maintained, suggesting that the corpus luteum was no longer important
for the production of progesterone.8,10,11
Spontaneous cyclical decidualization of the endometrial stromal compartment is an essential
transformation that enables the endometrium to function as a biosensor and become receptive to, by
responding to individual embryonic signals. Standard markers of decidualization are the induction
of prokineticin-1 (PROK-1), a vital cytokine that regulates endometrial receptivity, prolactin (PRL)
and insulin-like growth factor binding protein-1 (IGFBP-1). hCG strongly inhibits the expression of
PROK-1, PRL12 and IGFBP-113 in human decidualizing endometrial stromal cells from women with
normal reproductive histories. Thus the trophoblast must be able to modulate the maternal decidual
response. However, when this experiment was repeated with stromal cells from women with RM a different response, augmentation of PROK-1 and PRL expression occurred.12 This very different response
to hCG in stromal cells from women with RM suggests that hCG may not have a clinically beneficial
effect on pregnancy outcome.
Suboptimal hCG levels reflect a failing early pregnancy and a number of observational clinical
studies have found an association between the two. Ho et al.14 found that early abnormal pregnancies
were associated with insufficient hCG production, as reflected by lower hCG levels and an abnormal
rate of increase. Additionally, the hCG was less biologically active than the hCG produced in normal
pregnancies. However, Kato et al.15 reported, in another observational study, that hCG levels and
function in RM women suggested that the hCG levels were significantly lower compared to controls,
but their biological activity was not different from that of normal women. This decreased production
and possible altered function of the hCG may be due to the demise of trophoblast cells that precedes
a miscarriage.
To summarize, it is apparent from these studies that hCG is critical to early pregnancy, ensuring
active maintenance of steroid production from the corpus luteum and for endometrial preparation to
facilitate implantation. The deficiency of this glycoprotein in early pregnancy is linked to adverse
pregnancy outcomes such as miscarriage and RM. However hCG had, potentially, directly detrimental
effects on decidualization in vitro.

Use of Human Chorionic Gonadotrophin
Supplementation during Early Pregnancy
Threatened Miscarriage
Recent evidence is available from a Cochrane systematic review on hCG for threatened miscarriage.16
The review included three studies, out of which two were prospective, double-blind, placebo-controlled
trials (good-quality), involving a total of 312 women. The meta-analysis that compared hCG to placebo
failed to demonstrate any benefit of hCG on the effect of miscarriage (RR 0.66; 95% CI 0.42–1.05).
There was no significant difference in the outcome when only the two good-quality studies were analyzed separately (RR 0.83; 95% CI 0.46–1.46).
A recent Cochrane systematic review looking at “human chorionic gonadotrophin (hCG) for preventing miscarriage”1 analyzed two studies (total 118 women) that were not in the previous review by
Devaseelan et al.16 No significant benefit was seen with hCG in minimizing the risk of threatened miscarriage (RR 0.52, CI 0.15–1.82).
It is important to note that, although the luteo-placental shift occurs at seven weeks of pregnancy and
is complete by 12 weeks, suggesting that the physiological purpose of the corpus luteum is over by this
time, the studies in this review had used hCG beyond this period.
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There are many studies that have investigated the role of hCG supplementation for women with RM to
improve subsequent pregnancy outcomes, and different results have been reported. A recently published
Cochrane intervention review on hCG for preventing miscarriage1 identified 12 studies, but included
only five studies (Table 18.1)17–21 that assessed the efficacy of prophylactic hCG in women with unexplained RM (302 women). The meta-analysis of these studies suggested that the use of hCG conferred
an advantage over the placebo or no treatment by preventing miscarriage (RR 0.51, 95% CI 0.32–0.81).
The mean number needed to treat (NNT) in order to achieve this benefit was seven.
Meta-analysis is a methodological tool used to pool the results of relevant trials on a specific topic in
order to obtain a quantified synthesis, but “statistical heterogeneity” can be a problem for interpreting the
results if excessive unexpected variation in the treatment effect occurs in one or some of the included studies. This meta-analysis was associated with heterogeneity and was mainly influenced by two studies,17,18
which both intensely favored the use of hCG (Table 18.1). Additionally the various trials were not matched
for known predictive factors such as maternal age, or number of miscarriages. Therefore, the random effects
model would be more appropriate. When the random effects model was used to analyze these studies in
order to minimize the heterogeneity, the authors found no significant difference in the treatment, placebo
or no treatment arms. (RR 0.55, CI 0.28–1.09), but the heterogeneity still remained the same (I2 = 39%).
When the authors excluded the oldest two studies that had severe methodological weaknesses,17,18
there was no significant benefit in using the hCG over the placebo or no treatment (RR 0.74, CI 0.44–
1.23) (Table 18.2) and there was a greater homogeneity between the results (I2 = 0%). The authors finally
concluded that there was not enough evidence to support the use of hCG in RM women and they
reported that any improvement that could have occurred in the hCG group happened by chance.
A recent nonrandomized study, which involved 328 patients with three or more consecutive miscarriages, suggested that prophylactically administered hCG in early pregnancy statistically improved the
TABLE 18.1
hCG versus Placebo for Recurrent Miscarriagea
Miscarriages per Treated Pregnancy
Study

Treatment

Svigos
Harrison18
Harrison19
Quenby and Farquharson20
El-Zibdeh21
Total
17

1/13
0/10
6/36
6/42
9/50
22/151

Control
9/15
7/10
8/39
6/39
14/48
44/151

Risk Ratio (95% CI)
0.13 (0.02–0.51)
0.07 (0.00–1.03)
0.81 (0.31–2.11)
0.93 (0.33–2.64)
0.62 (0.30–1.29)
0.51 (0.32–0.81)

Heterogeneity: Chi2 = 6.54, df = 4 (p = 0.16); I2 = 39%.
a Figures quoted are the original figures of the papers in the Cochrane database.

TABLE 18.2
hCG versus Placebo for Recurrent Miscarriage Excluding Two Studiesa
Miscarriages per Treated Pregnancy
Study
Harrison
Quenby and Farquharson20
El-Zibdeh21
Total
19

Treatment

Control

Risk Ratio (95% CI)

6/36
6/42
9/50
21/128

8/39
6/39
14/48
28/126

0.81 (0.31–2.11)
0.93 (0.33–2.64)
0.62 (0.30–1.29)
0.74 (0.44–1.23)

Heterogeneity: Chi2 = 0.45, df = 2 (p = 0.80); I2 = 0%.
a Figures quoted are the original figures of the papers in the Cochrane database.
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TABLE 18.3
 esults of a Randomized Controlled Trial of hCG in Women with Regular
R
Menstrual Cycles and Oligomenorrhea
Oligomenorrhea
Outcome
Miscarriages
Live births
Success rate (%)
p-value

Regular Cycles

Placebo

hCG

Placebo

hCG

6
4
40

2
11
85
<0.05

4
25
86

4
25
86

live births by 15% (OR 1.88, 95% CI, 1.16–3.04).22 The benefit was much higher (absolute benefit of
34%) in the group of women with five or more miscarriages (OR 4.33, 95% CI 1.7–11.3). Caution should
be exercised in extrapolating the study results to the general population as the study is associated with
selection bias and the groups are unlikely to be comparable.
There were no side effects of hCG reported in any of the studies and it appears that hCG remains safe
for the mother. The risk of congenital defects was similar in both the groups suggesting that hCG did
not increase the risk of congenital defects and was safe for the baby. The data were insufficient to comment on the effects of hCG on low birth weight, prematurity, neonatal death and cost.

Oligomenorrhea and Pregnancy Loss
Oligomenorrheic women may have associated endocrinological abnormalities which may put them at
an increased risk of having an adverse pregnancy outcome. The incidence of oligomenorrhea in women
with sporadic miscarriages is considerably higher (21%)23 as compared to 0.9% in the general female
population.24 Hasegawa et al.23 demonstrated that, in a population of 119 women with spontaneous first
trimester miscarriage less than 11 completed weeks, more (34%) women who had a spontaneous miscarriage of an euploid pregnancy were oligomenorrheic when compared to women (12.5%) who had a
pregnancy loss with an abnormal karyotype (p < 0.01). Further interesting observations from this study
revealed that 57% of oligomenorrheic women miscarried a blighted ovum which was karyotypically
normal. The findings are highly suggestive that oligomenorrhea and associated delayed ovulation are
associated with miscarriage of euploid rather than aneuploid pregnancies. A prospective cohort study
examined the role of using the medical history and investigation components of women to predict
pregnancy outcome following RM.25 Oligomenorrheic women were more likely to have a subsequent
miscarriage whereas menstrual regularity predicted a successful pregnancy outcome. This group of oligomenorrheic women were found to have a difference in hormonal profile with low levels of oestradiol,
but a normal progesterone profile in the luteal phase and a normal LH profile throughout the menstrual
cycle when compared to women with regular cycles.
Quenby and Farquharson20 performed a double-blind, placebo-controlled study investigating the role
of hCG supplementation in women with idiopathic miscarriage (included in the Cochrane review of
Morley et al.).1 A subgroup analysis showed that, in women with RM and oligomenorrhea, administration of hCG in early pregnancy conferred a significant (p = 0.039) favorable outcome of a live birth
(85%) when compared to placebo and supportive therapy (40%). There was no difference in the pregnancy outcome in women with regular cycles (Table 18.3). However subgroup analyses are prone to bias
and the numbers were very small.

Conclusions
At present, the available evidence is insufficient to fully evaluate the effects of hCG supplementation
during early pregnancy for women with unexplained RM. There are biological and clinical arguments
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both for and against its use as a treatment. At present, hCG support should be offered to women only
within a research trial, and advocating empirical hCG treatment during the early stages of pregnancy,
which can be very stressful, should be discouraged. There is an urgent need for an adequately powered,
well-designed, prospective, randomized controlled trial comparing hCG supplementation to placebo,
which may create an evidence-based role for using hCG to improve pregnancy outcome in women with
RM. The design of any such trial should stringently follow standardized nomenclature and be restricted
to women who miscarry chromosomally normal embryos. This type of trial is logistically possible, but
would need to be multicentered because of the large number of women required to participate. There
are therefore numerous financial implications to completing such a trial. A subgroup analysis should
be carried out to accurately assess the efficacy of hCG in different subgroups, taking into consideration
increased maternal age, number of prior miscarriages, obesity and menstrual irregularity. Recombinant
hCG is pure compared to urinary hCG and a trial should also compare the safety and efficacy of these
two forms of hCG.
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Antiphospholipid Syndrome—Pathophysiology
Rotem Inbar, Miri Blank, and Yehuda Shoenfeld

Introduction
The antiphospholipid syndrome (APS) was first defined as a syndrome in 1983,1 consisting of recurrent
thrombotic events and/or pregnancy loss, associated with the persistent presence of antiphospholipid
antibodies (aPL). Several aPL subtypes are known, with the three formal diagnostic assays anticardiolipin (ACL), anti β-2 glycoprotein 1 (β2GP1), and lupus anticoagulant (LAC).2 Over the past few decades
since initially defined, this syndrome has become known to be systemic, potentially affecting almost
every organ system in the body. There is no single specific cause for APS but rather, as in other autoimmune diseases, a combination of environmental, hormonal, and genetic factors has been proposed.3–5
Specifically within this definition, obstetric APS refers to pregnancy morbidity occurring in patients
with persisting antiphospholipid antibodies.6 Criteria used to define obstetric APS are one fetal loss
after 10 weeks gestation; three or more early miscarriages with no other apparent explanation; preeclampsia or placental insufficiency, associated with a premature birth before 34 weeks of gestation.7–9
It is recognized today that the presence of aPL represents the most frequent acquired risk factor for a
treatable cause of recurrent pregnancy loss and associated obstetric complications.2 The aPL are not
only a diagnostic tool of APS, but rather participate in its pathophysiology with an active pivotal role,
mediating several different manifestations of the syndrome.
Thrombosis of the placental vasculature was initially believed to be in the center of all adverse pregnancy outcomes related to this syndrome.9 In more recent years, however, a heterogeneous group of
clinical, experimental, and histopathological evidence has accumulated, showing how intraplacental
thrombosis is far from being the sole mechanism involved.10 Other mechanisms for placental and obstetric pathology have emerged, which will be discussed below. However, the basic immunology is summarized in Chapter 27.
The pathophysiology of APS involves all arms of the coagulation system, as well as other mechanisms not related to hypercoagulability. In fact antiphospholipid antibodies have been shown to be
directly toxic to the developing fetus, as these antibodies can be passively transferred from humans to
naive mice and will induce pregnancy loss in those mice.11 Active immunization with human pathogenic
monoclonal anticardiolipin antibody induces the clinical manifestations of antiphospholipid syndrome
in BALB/c mice (Figure 19.1).12 Additionally, the serum from women with APS is highly teratogenic to
rat embryos in culture and also affects embryonic growth.13 Moreover, purification of the IgG fraction
of the sera of women with APS directly affects the embryo and yolk sac, reducing their growth.14 This
chapter discusses the etiology and pathophysiology of APS with a special emphasis on the obstetrical
view and pregnancy loss.

Etiology of the Antiphospholipid Syndrome
Phospholipids (PL) are the basic components of all cell membranes where they are present in two layers. Each PL consists of a glycerol moiety attached to two esterified fatty acid chains (one saturated and
one unsaturated) as well as a phosphodiester-linked alcohol side chain. In normal situations, the inner
leaflet of the phospholipid bilayers is composed of negatively charged or anionic alcohol groups facing
the cytoplasm, whereas the outer layer is composed of neutral or zwitterionic alcohol groups facing the
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FIGURE 19.1 Healthy pregnant mouse versus APS pregnancy. (a) Healthy pregnancy and (b) mouse placental resorption
equivalent to fetal loss in human.

extracellular fluid or blood stream.15 Some conditions can break down the tolerance for “self” phospholipids and stimulate the formation of aPL. In the situation of ischemia, cell injury or abnormal immunoregulation (autoimmunity), negatively charged PLs can be exteriorized to the outer leaflet, while in the
presence of excess calcium or low pH, cone-shaped, hexagonal phase phospholipid configurations can
be formed. These changes may either provide an antigenic stimulus for the production of aPL or permit
a number of serum proteins with procoagulant activity (β2-glycoprotein I (β2-GPI), prothrombin, protein
C, protein S, and annexin V) to bind PL epitopes and to be presented to the immune system in unique
“neoantigenic” conformations, which are recognized and give rise to aPL.16 In the latter case, aPL may
recognize either only the PL region of the complex or an epitope consisting of the portion of the PL and
neighboring amino acids on the protein carrier or they clearly act with the protein alone.
Pregnancy itself appears to be a triggering event that allows protein cofactors to bind PL and become
antigenic for aPL production. Placental tissues continuously change, and this major tissue remodeling
results in externalization of inner surface PLs, which when appearing on the outer membrane may either
be a direct stimulus for aPL production or permit plasma proteins to bind them so that neoantigens give
rise to aPL. This has been documented for phosphatidylderine (PS). Despite the presence of an active
membrane-associated adenosine triphosphate (ATP)-dependent aminophospholipid translocase that
normally relocates PS from the outer to the inner monolayer, PS is exteriorized during trophoblast differentiation.17 When exposed to the blood, PS allows β2-GPI to be immobilized and become antigenic
for pathogenic aPL production.
Antiphospholipid antibodies have long been known to require a cofactor in order to exert their effects.
This cofactor (apolipoprotein H or β2-glycoprotein-1—β2GP1), a negatively charged phospholipid binding
protein, is the membrane antigen to which aPL bind. Binding of aPL to the β2GP1 forms divalent IgGβ2GP1complexes that have increased affinity for membrane phospholipid.18 The physiological function of
β2GP1 is unknown. β2GP1 deficiency is not associated with disease; homozygous β2GP1 null mice also
appear to suffer no pathological effects.19 β2GP1-dependent aPL are thought to recognize their antigen on
placental tissue, inhibit the growth and differentiation of trophoblasts, cause inflammation, defective angiogenesis and thrombosis, eventually leading to impaired placentation and subsequent placental function.
Similar to the majority of autoimmune diseases, it appears that APS too has a multifactorial etiology,
in which genetic susceptibility is made apparent by environmental factors.
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One such environmental factor that has been intensively investigated is infections. The infectious
etiology of APS has been reported extensively. The infectious agents most commonly associated with
APS are parvovirus B19, cytomegalovirus (CMV), toxoplasma, rubella, varicella, HIV, streptococcal
and staphylococcal infections, gram-negative bacteria and mycoplasma pneumonia.20,21 In a series of
100 APS patients, various infections have been shown to precede the development of APS, including
skin infections (18%), HIV (17%), pneumonia (14%), hepatitis C virus (13%), and urinary tract infection
(10%).22 Helicobacter pylori, a common bacterial pathogen that colonizes the gastric mucosa and induces
chronic gastric inflammation, has been associated with APS. In pregnant women, H. pylori infection
can cause intrauterine fetal growth retardation, and increases the risk of reproductive disorders.23,24
As in other autoimmune disorders, molecular mimicry between (β2GP1) and bacterial and viral
epitopes is the principal mechanism by which infectious agents induce APS in genetically prone individuals. A molecular resemblance between β2GP1 epitopes and infectious pathogens such as Haemophilus
influenzae, Neisseria gonorrhoeae, Helicobacter pylori, CMV, and tetanus toxoid have been found.25–28
Nevertheless, there are additional mechanisms by which infectious antigens induce autoimmunity and
antibody production. Proteins sourced from infectious agents can cause polyclonal activation of a subset
of T lymphocytes, or polyclonal B cell activation. Superantigens may also induce a nonspecific immune
response. In the wide activation of the immune system, self- recognizing antibodies can be produced.
Various infectious agents can modulate the release of cytokines and chemokines which are involved
in growth, differentiation, and chemotaxis of the Th cell population and regulate MHC class 1 and 2
molecule expression.27,30,31
The β2GP1 molecule seems to be the most significant antigen in APS. It has been widely investigated
and found to be immunogenic in vivo. Passive transfer of anti-β2GP1 antibodies induced experimental
APS in naive mice.11,32,33 Immunization of BALB/c, PL/J mice or New Zealand white rabbits with β2GPI
resulted in the generation of anti-β2GPI antibodies. The high titers of mouse anti-β2GP1 antibodies have
been associated with an increased proportion of fetal resorption (the equivalent of fetal loss in humans),
thrombocytopenia, and prolonged activated partial thromboplastin time (aPTT), indicating that lupus
anticoagulant may also be active in experimental APS.32 Oral administration of β2GP1 to APS mice
resulted in induction of tolerance to experimental APS.34
Direct experimental evidence for molecular mimicry of infectious pathogens has emerged from the
effect of immunization with certain microbial pathogens that share epitope homology with the β2GP1
molecule. Pathogenic anti-β2GP1 autoantibodies directed against the TLRVYK epitope were formed in
mice that were immunized with H. influenzae or N. gonorrhoeae that exhibit the TLRVYK sequence,
or with tetanus toxoid that does not present linearly the sequence TLRVYK, but can still serve as
a mimotope. The formed anti-β2GP1 autoantibodies have been shown to be pathogenic and capable
of inducing the clinical picture of experimental APS, manifested by a high proportion of fetal loss,
thrombocytopenia, and a prolonged aPTT 27.24 Induction of APS in two different nonautoimmune mice
strains, the BALB/c and C57BL/6, was achieved by tetanus toxoid hyperimmunization using different
adjuvants.35,36 APS manifested differently in the two mice strains: fetal resorption or lowered fecundity.
These observations demonstrate that environmental factors exert their effect based on the individual’s
genetic background. In a different study, the pathogenic effect of monoclonal antibodies to β2GP1 was
inhibited by the addition of synthetic peptides including the TLRVYK sequence. The latter prevented
the development of APS in mice injected with monoclonal antibodies to β2GP1, or decreased the degree
of endothelial cell activation, monocyte adhesion and the expression of adhesion molecules in vitro.37
Additionally, therapeutic alternatives for obstetric APS have been investigated. A CMV-derived synthetic peptide (TIFI) with specific affinity for the β2GP1 phospholipid binding site has been shown to
inhibit the adhesion of the aPL molecule to the trophoblast cell membrane in vitro in a dose-dependent
manner.38 These findings correlated with the protective effect of TIFI observed in in vivo animal models, in which injection of aPL at pregnancy day zero caused increased fetal loss rate and growth restriction, both significantly reduced by TIFI.38
It is important to note that while some infections, using the mechanisms listed above, may be the initiators of the cascade leading to APS development, others such as syphilis and Lyme disease cause the
appearance of aPL antibodies that recognize phospholipids directly, without involving the phospholipid
binding protein β2GP1, thus not causing the antiphospholipid syndrome.
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Another subset of environmental factors involved in immune mediated diseases including APS
can be collectively termed “adjuvants”. The role of adjuvants has become increasingly recognized in
recent years. A novel syndrome has been introduced, ASIA (autoimmine syndrome induced by adjuvants), including vaccines, infectious agents, silicone, pristine, and aluminum salts under a common
denominator.39
Over the past several decades it has become clear that infectious agents and vaccines have many
similarities in their ability to facilitate antibody production, immune reactions and a wide spectrum
of autoimmune phenomena.30,31,40 The induction of autoimmunity is not surprising, as the essence of
a vaccine is a live-attenuated or recombinant pathogenic antigen.4,41,42 Apart from infectious antigen,
vaccines contain additional substances which may harbor the ability to trigger an immune response.
These are preservatives, adjuvants, and other manufacturing residues. The formal role of the adjuvant
is augmentation of the immune response to the antigen. However, in recent years, many adjuvants have
been found to trigger autoimmunity by themselves.30,43–46 The ASIA syndrome incorporates previously
distinguished medical conditions, and merges the diverse autoimmune and inflammatory conditions
caused by different pharmaceutical, industrial or environmental compounds with the immune-mediating capabilities of causing the “adjuvant effect”. Included in this category are not merely traditional
vaccine-utilized adjuvants, but any substance having this immune triggering capacity. Some of the syndromes and phenomena included within ASIA are the Gulf War syndrome, chronic fatigue syndrome,
macrophagic myofasciitis, and postvaccination phenomena, which appear to have surprising similarities
and can be traced back to a common denominator—the adjuvant effect.39 There are several lines of
evidence by which APS can be related to the ASIA syndrome. In the literature, several vaccines have
been correlated to the onset of APS, the common ones being tetanus toxoid vaccine, hepatitis B, and
influenza.47 In addition, induction of experimental APS, by immunization with tetanus toxoid added
to different adjuvants, has led to different results regarding fertility in C57BL/6 mice.48 Furthermore,
immunization with complete Freund’s adjuvant (CVA) or incomplete Freund’s adjuvant (IFA—without
M. tuberculosis) induced specific pathogenic β2GP1 dependent autoantibodies in genetically hypercoagulation prone mice (heterozygous factor V Leiden mice). The central and intriguing finding in this
study was the induction of high levels of aPL following adjuvant immunization alone.49

Mechanisms of Reproductive Failure in Antiphospholipid Syndrome
Thrombosis
Systemic thromboembolism is the principal manifestation of APS. Evidence for thrombi in the placental circulation and the beneficial effect of anti-thrombotic therapy in APS suggest that thrombosis
has a central role in reproductive failure. The underlying basis for the hypercoagulable state in APS is
complex, and involves altered activity of all three major components that govern hemostasis: platelets,
fibrinolysis, and the coagulation cascade. The coagulation system in APS has been shown to be altered
at different levels. aPL inhibit both protein C activation and the function of activated protein C (APC),
thereby preventing the inactivation of activated factor V and VIII.50 This inhibition is conditional upon
the presence of β2GP1 which is a prerequisite for the binding of aPL to protein C. In addition, autoantibodies directed against protein C, protein S, and thrombomodulin have been detected in some APS
patients.51
Tissue factor, an initiator of the extrinsic coagulation cascade, which is not normally expressed by
intravascular cells, has been shown to be altered in APS patients. It has been shown that tissue factorrelated procoagulant activity and tissue factor mRNA levels in monocytes are increased in primary APS
patients with thrombosis when compared to those without thrombosis.52 Injection of purified IgG aCL
from APS patients with previous thrombotic episodes induced a significant increase in both monocyte
procoagulant activity and tissue factor expression, as compared with purified IgG or IgM aCL from two
systemic lupus erythematosus (SLE) patients without thrombosis.53 In addition, functional anti-tissue
factor pathway inhibitor activity has been detected in the sera of a subset of APS patients, showing
a correlation between the degree of inhibition and associated occurrence of arterial thrombosis and
stroke.54
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Endothelial cells are affected by aPL autoantibodies. Potentiation of human umbilical vein endothelial cells’ (HUVEC) procoagulant activity by aPL contained in sera from SLE patients is strongly
decreased after depleting IgG from the sera.55 Human anti-β2GP1 IgM monoclonal antibodies and polyclonal anti-β2GP1 antibodies have been shown to induce tissue factor at both protein and mRNA level
in HUVEC monolayers in vitro.56 aPL can further upregulate adhesion molecules’ (E-selectin, ICAM-1
and VCAM-1) expression and secretion of the proinflammatory cytokines IL-1b and IL-6.57 Increased
plasma levels of soluble VCAM-1 have been found in primary APS patients with recurrent thrombotic
events, and elevated levels of tissue plasminogen activator and von Willebrand factor (as endothelial
perturbation markers) have been associated with aPL in SLE.
Decreased endothelial cell prostacyclin 2 (PGI2), the principal inhibitor of platelet aggregation, and
increased thromboxane A2 (TXA2) production by platelets have both been implicated as mechanisms
predisposing to thrombosis in patients with APS. aPL enhance platelet TXA2 production, and allow
platelet activation to occur without a compensatory increment in the vascular biosynthesis of PGI2.58
Hypofibrinolysis can further aggravate the prothrombotic state in APS. Endothelial cell dysfunction can increase plasma levels of type-1 plasminogen activator inhibitor and tissue-type plasminogen
activator antigens.59 In addition the hypofibrinolytic state can be further aggravated by the presence of
autoantibodies against components of the fibrinolytic system such as anti-plasmin/plasminogen60 and
anti-tissue tPA (plasminogen activator).61
Platelets play a central role in primary hemostasis and are involved in the prothrombotic state of
APS patients. Monoclonal aCL obtained from patients with APS increased platelet interaction with
the subendothelium. It has been proposed that a minor degree of platelet activation can lead to exposure of phospholipids which can potentially be amplified to a much larger degree in the serum of APS
patients than in controls.53 β2GP1 initially bind to these phospholipids, then bind aPL to form β2GP1phospholipid complexes. The latter can further activate platelet aggregation by allowing the interaction
between the Fc portion and the platelet surface FcγRII receptors (the only FcγR molecules present on
platelets).53,62 In addition to activation of the FcγRII receptors, the β2GP1-phospholipid complexes can
also exert their action through complement activation as complement generated in the presence of aPL
binds to negatively charged phospholipids and activate platelets.63
In addition to the systemic prothrombotic effects, aPL may alter the placental circulation by attacking
certain placental epitopes. Annexin A5, a potent anticoagulant protein that has a thrombomodulatory
role in the placental circulation is such a target.64 Annexin V is found on the apical surface of placental
syncytiotrophoblast and forms clusters on exposed phospholipids, thereby forming a protective shield
on the phospholipid surface. Annexin V blocks phospholipids from becoming available for coagulation
reactions. The annexin V protective shield could be damaged by either binding to anti-annexin V or
preventing its binding to the PL membrane, or by blocking autoantibodies against annexin V/PL.65 Antiannexin V autoantibodies have been detected in patients with SLE and APS associated with pregnancy
loss, while reduced levels of annexin V have been observed on the placental villi of women having aPL
and recurrent pregnancy loss and a thrombogenic background.66
Thrombosis in the placental vasculature was initially thought to be the main cause of adverse pregnancy outcome in women with APS. More recent data, however, and the heterogeneity of histological
lesions seen in APS placentas, suggest that placental thrombosis is far from being the only accountable
mechanism.

Arachidonic Acid and Prostacyclin
Antiphospholipid antibodies inhibit arachidonic acid release.67 Arachidonic acid is an essential prerequisite for prostacyclin production. (Prostacyclin is a physiological inhibitor of thrombocyte aggregation,
and a potent vasodilatator). aPL have been shown to increase the concentration of TXA2 thus altering
the thromboxane/prostacyclin balance.68 The alteration in the PGI2/TXA2 balance has two effects, vasoconstriction which impedes the blood supply to the fetus, and platelet activation with the procoagulant
effects as described above.
In a mouse model of experimental APS, Shoenfeld and Blank69 infused ACL to pregnant mice in order
to induce APS. Mice which were cotreated with a thromboxane receptor antagonist had a significant
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reduction in the fetal resorption rate from 45% to 19.8% and an increase in mean placental and embryo
weights. There was also an increased platelet count (from 597,100 to 1,075,000 platelets/mm3) in treated
mice, indicating the effect of thrombocyte aggregation in APS.

Inflammatory Responses
During pregnancy, the maternal immune responses undergo immense changes to allow for normal
implantation and development of the growing fetus. There is evidence for a dynamic balance between
proinflammatory and anti-inflammatory mediators in normal pregnancy. An imbalance towards
proinflammatory mediators (complement, tumor necrosis factor, and chemokines) has been linked
to aPL-induced fetal loss in animal models.70 Following fetal resorption due to injection of IgG with
aPL activity to pregnant naive mice, histological examination of the decidua has revealed deposition
of human IgG with mouse complement, neutrophil infiltration and local TNF secretion. A systemic
transient increase in TNF was also noted. Complement involvement in inducing aPL-mediated fetal
loss is supported by several lines of evidence.71–73 Additionally, the protective effect of heparin in a
mouse model has been related to the anti-complement rather than anticoagulant activity.74 A recent
study has demonstrated that aPL, by activation of toll-like receptor 4 (TLR4), induce uric acid production response in human trophoblast, which in turn activates the Nalp3/ASC (apoptosis associated
speck-like protein) inflammasome complex, leading to IL-1β secretion. This novel mechanism has been
suggested to account for the inflammation at the maternal–fetal interface in patients with APS.75 The
anti-inflammatory cytokine, IL-3, is important for the maintenance of normal pregnancy. IL-3 enhances
placental and fetal development while increasing the number of megakaryoctes. The serum level of IL-3
in pregnant patients with primary APS or APS secondary to SLE has been found to be lower than in
controls.76 In vitro studies have revealed that low dose aspirin (10 mg/microliters) stimulates IL-3 production through its ability to raise leukotriene production while higher doses of aspirin failed to induce
IL-3 generation.76,77 Furthermore, ciprofloxacin treatment significantly decreased the rate of pregnancy
loss in BALB/c mice with experimental APS. This effect correlated to an increase in the serum IL-3
level and of bone marrow megakaryocytes.78 Other cytokines may also be involved. The level of the
proinflammatory and prothrombotic cytokine TNF-α, has been shown to be significantly higher in
patients with APS than healthy controls.79 Trophoblast cells express the surface antigen CD1d, bearing
PS. In a recent study, anti-β2GP1 antibodies were shown to interact with the PS-bearing CD1d, causing
release of IL12 and induction of IFNα production, thus supplying additional evidence that APS-related
pregnancy loss involves an inflammatory mechanism.80

Defective Endometrial Angiogenesis
The decidua, a newly formed tissue on the maternal side of the placenta, is a place of active angiogenesis and structural modification of the spiral arteries in early pregnancy. Endometrial angiogenesis
and decidualization, as well as trophoblast invasion, are crucial for a successful pregnancy. A most
important role in the process of basement membrane and matrix degradation, enabling invasion by the
trophoblast, is carried out by matrix metalloproteinases (MMP). aPL-mediated inhibition of trophoblast invasion was one of the suggested additional mechanisms for recurrent pregnancy loss in these
patients.81 Several studies have evaluated the effect of aPL on endometrial angiogenesis. aPL may affect
the maternal side of the placenta by directly binding human endometrial endothelial cells (HEEC). As a
consequence, a significant decrease in both the number and the total length of the capillaries formed in
HEEC was observed. In this study, the effect of aPL on HEEC angiogenesis was examined both in vitro
and in vivo in a murine model. The modulation of vascular endothelial growth factor (VEGF) and MMP
activity by aPL was associated with a significant reduction in angiogenesis in both the in vitro and
in vivo model. Moreover, aPL was found to reduce both VEGF and MMP production and nuclear factor κB (NFKB) DNA (promoter gene for several MMP) binding activity in a dose-dependent manner.82
A complementary study demonstrated the beneficial effect of low molecular weight heparin (LMWH)
on the aPL inhibited HEEC angiogenesis. The addition of LMWH restored VEGF secretion and MMP

Antiphospholipid Syndrome—Pathophysiology

161

activity. This evidence further explains the improved pregnancy outcome seen in aPL patients treated
with LMWH.83 The uterine sonographic characteristics of patients with recurrent aPL-associated miscarriages have been compared to normal fertile women. Parameters such as endometrial thickness,
volume, microvessel density (MVD), uterine artery pulsatility index (PI) and resistance index (RI),
endometrial vascularization index (VI), flow index (FI), and vascularization flow index (VFI) were
measured in the mid-luteal phase of the menstrual cycle. Whereas both groups had similar endometrial
thickness, volume, MVD, uterine artery PI and RI, the VI, FI, and VFI were significantly reduced in
the aPL group compared to controls.84

Alteration of Placental Cell Death
During the course of pregnancy, trophoblast fragments of varying sizes are shed from the placenta
into the maternal circulation.85 In normotensive pregnancy, trophoblast debris is considered the result
of mostly programmed cell death. In pregnancies complicated by pre-eclampsia, the process may be
more necrotic.86 Trophoblast debris is partly cleared from the body by endothelial cells. Under normal
apoptotic conditions, these endothelial cells in turn become activated, a process not seen when necrotic
debris is engulfed by these cells.87 aPL have been shown to increase the amount of necrotic trophoblast
debris from placental explants, which under these conditions do activate endothelial cells. This evidence
demonstrates how endothelial cells exhibit different behavior in the presence of aPL.88 In summary,
antiphospholipid antibodies cause increased shedding of necrotic trophoblast debris from the placenta,
which contributes to endothelial activation and dysfunction. More recently, antiphospholipid antibodies
were also shown to prolong the activation of endothelial cells induced by necrotic trophoblast debris.89
In a study by Pantham et al., RNA from first trimester placentas treated with aPL was extracted and
genomic data analyzed using microarrays. Changes in the transcriptome of placental explants were
observed, including the mRNA of multiple genes involved in the regulation of apoptosis.90
Further evidence supporting the placental death mechanism in women with APS comes from observation of decreased vasculosyncytial membranes, increased syncytial knots, substantially more fibrosis, hypovascular villi and infarcts from placental histopathological findings in these women.91 These
changes in syncytial membranes may be attributable to thrombosis, although thrombosis could also
be secondary to placental damage and cell death, which allows free transplacental passage of maternal aPL. Addition of sera with IgG purified from women with SLE/APS, positive for aCL/anti-DNA
antibodies reduced yolk sac and embryonic growth more than sera negative for aPL, but positive for
anti-phosphatidylserine and for anti-laminin. The sera of SLE/APS patients has also been shown to
inhibit the rate of trophoblastic cell growth and to accelerate the rate of apoptosis of cultured human
placental cells.14,92

Conclusions
APS is a systemic syndrome whose etiology involves both environmental and genetic factors.
Infections may play a highly important part in the etiology of this syndrome, using different mechanisms and predominantly molecular mimicry to induce aPL. Other environmental factors that appear
to influence progression of the syndrome are vaccines and other adjuvants, as demonstrated by the
ASIA syndrome. aPL exert their pathogenic effects via various mechanisms, including the induction
of a hypercoagulable state, inflammatory processes, defective angiogenesis and alterations in placental cell death patterns. In recurrent pregnancy loss the combination of low-molecular-weight heparin
and low-dose aspirin is considered to be the treatment of choice. Therapy of APS is traditionally
directed towards eliminating the increased thrombotic state, but heparins/LMWH appear to have
additional qualities in preventing adverse pregnancy outcome by their anti-inflammatory and proangiogenic properties. However, when therapy fails, other interventions aimed at controlling the levels
of autoantibodies rather than their effects should be considered, and immune modulating therapies
might theoretically be of value.

162

Recurrent Pregnancy Loss

REFERENCES
1. Hughes GR. Thrombosis, abortion, cerebral disease, and the lupus anticoagulant. Br Med J
1983;287:1088–9.
2. Miyakis S, Lockshin MD, Atsumi T et al. International consensus statement on an update of the classification criteria for definite antiphospholipid syndrome (APS). J Thromb Haemostasis 2006;4:295–306.
3. de Carvalho JF, Pereira RM, Shoenfeld Y. The mosaic of autoimmunity: The role of environmental factors. Front Biosci 2009;1:501–9.
4. Shoenfeld Y, Zandman-Goddard G, Stojanovich L et al. The mosaic of autoimmunity: Hormonal and
environmental factors involved in autoimmune diseases—2008. Isr Med Assoc J 2008;10:8–12.
5. Shoenfeld Y, Gilburd B, Abu-Shakra M et al. The mosaic of autoimmunity: Genetic factors involved in
autoimmune diseases—2008. Isr Med Assoc J 2008;10:3–7.
6. Branch W on behalf of the Obstetric Task Force. Report of the Obstetric APS Task Force: 13th
International Congress on Antiphospholipid Antibodies, April 13, 2010. Lupus 2011;20:158–64.
7. Ruiz-Irastorza G, Crowther M, Branch W, Khamashta MA. Antiphospholipid syndrome. Lancet
2010;376:1498–509.
8. Giannakopoulos B, Passam F, Ioannou Y, Krilis SA. How we diagnose the antiphospholipid syndrome.
Blood 2009;113:985–94.
9. Cohen D, Berger SP, Steup-Beekman GM et al. Diagnosis and management of the antiphospholipid
syndrome. BMJ 2010;340:c2541.
10. Meroni PL, Borghi MO, Raschi E, Tedesco F. Pathogenesis of antiphospholipid syndrome: Understanding
the antibodies. Nat Rev Rheumatol 2011;7:330–9.
11. Blank M, Cohen J, Toder V, Shoenfeld Y. Induction of anti-phospholipid syndrome in naive mice with
mouse lupus monoclonal and human polyclonal anti-cardiolipin antibodies. Proc Natl Acad Sci U S A
1991;88:3069–73.
12. Bakimer R, Fishman P, Blank M et al. Induction of primary antiphospholipid syndrome in mice by
immunization with a human monoclonal anticardiolipin antibody (H-3). J Clin Invest 1992;89:1558–63.
13. Ornoy A, Yacobi S, Avraham S, Blumenfeld Z. The effect of sera from women with systemic lupus erythematosus and/or antiphospholipid syndrome on rat embryos in culture. Reprod Toxicol 1998;12:185–91.
14. Ornoy A, Yacobi S, Matalon ST et al. The effects of antiphospholipid antibodies obtained from women
with SLE/APS and associated pregnancy loss on rat embryos and placental explants in culture. Lupus
2003;12:573–8.
15. Cullis PR, Hope MJ, Tilcockn CP. Lipid polymorphism and the roles of lipids in membranes. Chem
Phys Lipids 1986;40:127–44.
16. Lockwood CJ, Rand JH. The immunobiology and obstetrical consequences of antiphospholipid antibodies. Obstet Gynecol Surv 1994;49:432–41
17. Lyden TW, Vogt E, Ng AK et al. Monoclonal antiphospholipid antibody reactivity against human
placental trophoblast. J Reprod Immunol 1992;22:1–14.
18. Rand JH. The antiphospholipid syndrome. Annu Rev Med 2003;54:409–24.
19. Sheng Y, Reddel SW, Herzog H et al. Impaired thrombin generation in beta 2-glycoprotein I null mice.
J Biol Chem 2001;276:13817–21.
20. Garcia-Carrasco M, Galarza-Maldonado C, Mendoza-Pinto C, Escarcega RO, Cervera R. Infections and
the antiphospholipid syndrome. Clin Rev Allergy Immunol 2009;36:104–8.
21. Zinger H, Sherer Y, Goddard G et al. Common infectious agents prevalence in antiphospholipid syndrome. Lupus 2009;18:1149–53.
22. Cervera R, Asherson RA, Acevedo ML et al. Antiphospholipid syndrome associated with infections:
Clinical and microbiological characteristics of 100 patients. Ann Rheum Dis 2004;63:1312–7.
23. Eslick GD, Yan P, Xia HH et al. Foetal intrauterine growth restrictions with Helicobacter pylori infection. Aliment Pharmacol Ther 2002;16:1677–82.
24. Figura N, Piomboni P, Ponzetto A et al. Helicobacter pylori infection and infertility. Eur J Gastroenterol
Hepatol 2002;14:663–9.
25. Blank M, Shoenfeld Y. Beta-2-glycoprotein-I, infections, antiphospholipid syndrome and therapeutic
considerations. Clin Immunol 2004;112:190–9.
26. Sorice M, Pittoni V, Griggi T et al. Specificity of anti-phospholipid antibodies in infectious mononucleosis: A role for anti-cofactor protein antibodies. Clin Exp Immunol 2000;120:301–6.

Antiphospholipid Syndrome—Pathophysiology

163

27. Blank M, Krause I, Fridkin M et al. Bacterial induction of autoantibodies to beta2-glycoprotein-I
accounts for the infectious etiology of antiphospholipid syndrome. J Clin Invest 2002;109:797–804.
28. Gharavi AE, Pierangeli SS, Espinola RG et al. Antiphospholipid antibodies induced in mice by immunization with a cytomegalovirus-derived peptide cause thrombosis and activation of endothelial cells in
vivo. Arthritis Rheum 2002;46:545–52.
29. Cruz-Tapias P, Blank M, Anaya JM, Shoenfeld Y. Infections and vaccines in the etiology of antiphospholipid syndrome. Curr Opin Rheumatol 2012;24:389–93.
30. Shoenfeld Y. Infections, vaccines and autoimmunity. Lupus 2009;18:1127–8.
31. Kivity S, Agmon-Levin N, Blank M, Shoenfeld Y. Infections and autoimmunity—Friends or foes?
Trends Immunol 2009;30:409–14.
32. Blank M, Faden D, Tincani A et al. Immunization with anticardiolipin cofactor (beta-2-glycoprotein I)
induces experimental antiphospholipid syndrome in naive mice. J Autoimmun 1994;7:441–55.
33. Pierangeli SS, Harris EN. In vivo models of thrombosis for the antiphospholipid syndrome. Lupus
1996;5:451–5.
34. Blank M, George J, Barak V et al. Oral tolerance to low dose beta 2-glycoprotein I: Immunomodulation
of experimental antiphospholipid syndrome. J Immunol 1998;161:5303–12.
35. Inic-Kanada A, Stojanovic M, Zivkovic I et al. Murine monoclonal antibody 26 raised against tetanus
toxoid cross-reacts with beta2-glycoprotein I: Its characteristics and role in molecular mimicry. Am J
Reprod Immunol 2009;61:39–51.
36. Zivkovic I, Stojanovic M, Petrusic V et al. Induction of APS after TTd hyper-immunization has a different outcome in BALB/c and C57BL/6 mice. Am J Reprod Immunol 2011;65:492–502.
37. Blank M, Shoenfeld Y, Cabilly S et al. Prevention of experimental antiphospholipid syndrome and endothelial cell activation by synthetic peptides. Proc Natl Acad Sci U S A 1999;96:5164–8.
38. de la Torre YM, Pregnolato F, D’Amelio F et al. Anti-phospholipid induced murine fetal loss: Novel
protective effect of a peptide targeting the beta2 glycoprotein I phospholipid-binding site. Implications
for human fetal loss. J Autoimmun 2012;38:J209–15.
39. Shoenfeld Y, Agmon-Levin N. ‘ASIA’—Autoimmune/inflammatory syndrome induced by adjuvants.
J Autoimmun 2011;36:4–8.
40. Orbach H, Agmon-Levin N, Zandman-Goddard G. Vaccines and autoimmune diseases of the adult.
Discovery Med 2010;9:90–7.
41. Molina V, Shoenfeld Y. Infection, vaccines and other environmental triggers of autoimmunity.
Autoimmunity 2005;38:235–45.
42. Agmon-Levin N, Paz Z, Israeli E, Shoenfeld Y. Vaccines and autoimmunity. Nat Rev Rheumatol
2009;5:648–52.
43. Nancy AL, Shoenfeld Y. Chronic fatigue syndrome with autoantibodies—The result of an augmented
adjuvant effect of hepatitis-B vaccine and silicone implant. Autoimmun Rev 2008;8:52–5.
44. Satoh M, Kuroda Y, Yoshida H et al. Induction of lupus autoantibodies by adjuvants. J Autoimmun
2003;21:1–9.
45. Shaw CA, Petrik MS. Aluminum hydroxide injections lead to motor deficits and motor neuron degeneration. J Inorg Biochem 2009;103:1555–62.
46. Toplak N, Avcin T. Vaccination of healthy subjects and autoantibodies: From mice through dogs to
humans. Lupus 2009;18:1186–91.
47. Blank M, Israeli E, Shoenfeld Y. When APS (Hughes syndrome) met the autoimmune/inflammatory
syndrome induced by adjuvants (ASIA). Lupus 2012;21:711–4.
48. Zivkovic I, Petrusic V, Stojanovic M et al. Induction of decreased fecundity by tetanus toxoid hyperimmunization in C57BL/6 mice depends on the applied adjuvant. Innate Immun 2012;18:333–42.
49. Katzav A, Kivity S, Blank M et al. Adjuvant immunization induces high levels of pathogenic
antiphospholipid antibodies in genetically prone mice: Another facet of the ASIA syndrome. Lupus
2012;21:210–6.
50. de Groot PG, Horbach DA, Derksen RH. Protein C and other cofactors involved in the binding of
antiphospholipid antibodies: Relation to the pathogenesis of thrombosis. Lupus 1996;5:488–93.
51. Pengo V, Biasiolo A, Brocco T et al. Autoantibodies to phospholipid-binding plasma proteins in patients
with thrombosis and phospholipid-reactive antibodies. Thromb Haemostasis 1996;75:721–4.
52. Cuadrado MJ, Lopez-Pedrera C, Khamashta MA et al. Thrombosis in primary antiphospholipid syndrome: A pivotal role for monocyte tissue factor expression. Arthritis Rheum 1997;40:834–41.

164

Recurrent Pregnancy Loss

53. Reverter JC, Tassies D, Font J et al. Effects of human monoclonal anticardiolipin antibodies on platelet
function and on tissue factor expression on monocytes. Arthritis Rheum 1998;41:1420–7.
54. Forastiero RR, Martinuzzo ME, Broze GJ. High titers of autoantibodies to tissue factor pathway inhibitor are associated with the antiphospholipid syndrome. J Thromb Haemostasis 2003;1:718–24.
55. Oosting JD, Derksen RH, Blokzijl L, Sixma JJ, de Groot PG. Antiphospholipid antibody positive sera
enhance endothelial cell procoagulant activity—Studies in a thrombosis model. Thromb Haemostasis
1992;68:278–84.
56. Kornberg A, Renaudineau Y, Blank M et al. Anti-beta 2-glycoprotein I antibodies and anti-endothelial
cell antibodies induce tissue factor in endothelial cells. Isr Med Assoc J 2000;2(Suppl):27–31.
57. Meroni PL, Raschi E, Camera M et al. Endothelial activation by aPL: A potential pathogenetic mechanism for the clinical manifestations of the syndrome. J Autoimmun 2000;15:237–40.
58. Lellouche F, Martinuzzo M, Said P et al. Imbalance of thromboxane/prostacyclin biosynthesis in patients
with lupus anticoagulant. Blood 1991;78:2894–9.
59. Jurado M, Paramo JA, Gutierrez-Pimentel M, Rocha E. Fibrinolytic potential and antiphospholipid antibodies in systemic lupus erythematosus and other connective tissue disorders. Thromb Haemostasis
1992;68:516–20.
60. Yang CD, Hwang KK, Yan W et al. Identification of anti-plasmin antibodies in the antiphospholipid
syndrome that inhibit degradation of fibrin. J Immunol 2004;172:5765–73.
61. Cugno M, Cabibbe M, Galli M et al. Antibodies to tissue-type plasminogen activator (tPA) in patients
with antiphospholipid syndrome: Evidence of interaction between the antibodies and the catalytic
domain of tPA in 2 patients. Blood 2004;103:2121–6.
62. Font J, Espinosa G, Tassies D et al. Effects of beta2-glycoprotein I and monoclonal anticardiolipin antibodies in platelet interaction with subendothelium under flow conditions. Arthritis Rheum
2002;46:3283–9.
63. Shibata S, Sasaki T, Hirabayashi Y et al. Risk factors in the pregnancy of patients with systemic
lupus erythematosus: Association of hypocomplementaemia with poor prognosis. Ann Rheum Dis
1992;51:619–23.
64. Wang X, Campos B, Kaetzel MA, Dedman JR. Annexin V is critical in the maintenance of murine
placental integrity. Am J Obstet Gynecol 1999;180:1008–16.
65. Rand JH, Wu XX, Andree HA et al. Pregnancy loss in the antiphospholipid-antibody syndrome—
A possible thrombogenic mechanism. New Engl J Med 1997;337:154–60.
66. Matsubayashi H, Arai T, Izumi S et al. Anti-annexin V antibodies in patients with early pregnancy loss
or implantation failures. Fertil Steril 2001;76:694–9.
67. Carreras LO, Vermylen JG. “Lupus” anticoagulant and thrombosis—Possible role of inhibition of prostacyclin formation. Thrombosis and Haemostasis 1982;48:38–40.
68. Robbins DL, Leung S, Miller-Blair DJ, Ziboh V. Effect of anticardiolipin/beta2-glycoprotein I complexes on production of thromboxane A2 by platelets from patients with the antiphospholipid syndrome.
J Rheumatol 1998;25:51–6.
69. Shoenfeld Y, Blank M. Effect of long-acting thromboxane receptor antagonist (BMS 180,291) on experimental antiphospholipid syndrome. Lupus 1994;3:397–400.
70. Meroni PL, Tedesco F, Locati M et al. Anti-phospholipid antibody mediated fetal loss: Still an open
question from a pathogenic point of view. Lupus 2010;19:453–6.
71. Holers VM, Girardi G, Mo L et al. Complement C3 activation is required for antiphospholipid antibodyinduced fetal loss. J Exp Med 2002;195:211–20.
72. Girardi G, Berman J, Redecha P et al. Complement C5a receptors and neutrophils mediate fetal injury
in the antiphospholipid syndrome. J Clin Invest 2003;112:1644–54.
73. Berman J, Girardi G, Salmon JE. TNF-alpha is a critical effector and a target for therapy in antiphospholipid antibody-induced pregnancy loss. J Immunol 2005;174:485–90.
74. Girardi G, Redecha P, Salmon JE. Heparin prevents antiphospholipid antibody-induced fetal loss by
inhibiting complement activation. Nat Med 2004;10:1222–6.
75. Mulla MJ, Salmon JE, Chamley LW et al. A role for uric acid and the Nalp3 inflammasome in
antiphospholipid antibody-induced IL-1beta production by human first trimester trophoblast. PloS One
2013;8:e65237.
76. Fishman P, Falach-Vaknin E, Sredni B et al. Aspirin-interleukin-3 interrelationships in patients with
anti-phospholipid syndrome. Am J Reprod Immunol 1996;35:80–4.

Antiphospholipid Syndrome—Pathophysiology

165

77. Fishman P, Falach-Vaknin E, Sredni B et al. Aspirin modulates interleukin-3 production: Additional
explanation for the preventive effects of aspirin in antiphospholipid antibody syndrome. J Rheumatol
1995;22:1086–90.
78. Blank M, George J, Fishman P et al. Ciprofloxacin immunomodulation of experimental antiphospholipid syndrome associated with elevation of interleukin-3 and granulocyte-macrophage colony-stimulating factor expression. Arthritis Rheum 1998;41:224–32.
79. Bertolaccini ML, Atsumi T, Lanchbury JS et al. Plasma tumor necrosis factor alpha levels and the
-238*A promoter polymorphism in patients with antiphospholipid syndrome. Thromb Haemostasis
2001;85:198–203.
80. Iwasawa Y, Kawana K, Fujii T et al. A possible coagulation-independent mechanism for pregnancy
loss involving beta(2) glycoprotein 1-dependent antiphospholipid antibodies and CD1d. Am J Reprod
Immunol 2012;67:54–65.
81. Pierangeli SS, Chen PP, Raschi E et al. Antiphospholipid antibodies and the antiphospholipid syndrome:
Pathogenic mechanisms. Semin Thromb Hemostasis 2008;34:236–50.
82. Di Simone N, Di Nicuolo F, D’Ippolito S et al. Antiphospholipid antibodies affect human endometrial
angiogenesis. Biol Reprod 2010;83:212–9.
83. D’Ippolito S, Marana R, Di Nicuolo F et al. Effect of low molecular weight heparins (LMWHs)
on antiphospholipid antibodies (aPL)-mediated inhibition of endometrial angiogenesis. PloS One
2012;7:e29660.
84. Chen L, Quan S, Ou XH, Kong L. Decreased endometrial vascularity in patients with antiphospholipid antibodies-associated recurrent miscarriage during midluteal phase. Fertil Steril 2012;98:1495–
502 e1.
85. Askelund KJ, Chamley LW. Trophoblast deportation part I: Review of the evidence demonstrating trophoblast shedding and deportation during human pregnancy. Placenta 2011;32:716–23.
86. Huppertz B, Kingdom J, Caniggia I et al. Hypoxia favours necrotic versus apoptotic shedding of placental syncytiotrophoblast into the maternal circulation. Placenta 2003;24:181–90.
87. Chen Q, Stone PR, McCowan LM, Chamley LW. Phagocytosis of necrotic but not apoptotic trophoblasts induces endothelial cell activation. Hypertension 2006;47:116–21.
88. Chen Q, Viall C, Kang Y et al. Anti-phospholipid antibodies increase non-apoptotic trophoblast shedding: A contribution to the pathogenesis of pre-eclampsia in affected women? Placenta 2009;30:767–73.
89. Chen Q, Guo F, Hensby-Bennett S et al. Antiphospholipid antibodies prolong the activation of endothelial cells induced by necrotic trophoblastic debris: Implications for the pathogenesis of preeclampsia.
Placenta 2012;33:810–5.
90. Pantham P, Rosario R, Chen Q et al. Transcriptomic analysis of placenta affected by antiphospholipid
antibodies: Following the TRAIL of trophoblast death. J Reprod Immunol 2012;94:151–4.
91. Out HJ, Kooijman CD, Bruinse HW, Derksen RH. Histopathological findings in placentae from
patients with intra-uterine fetal death and anti-phospholipid antibodies. Eur J Obstet Gynecol Reprod
Biol 1991;41:179–86.
92. Matalon ST, Shoenfeld Y, Blank M et al. Antiphosphatidylserine antibodies affect rat yolk sacs in culture: A mechanism for fetal loss in antiphospholipid syndrome. Am J Reprod Immunol 2004;51:144–51.

20
Diagnosis of Antiphospholipid
Antibody-Associated Abortions
Marighoula Varla-Leftherioti

Introduction
Antiphospholipid antibodies (aPL) are a heterogeneous group of autoantibodies directed against different antigens, predominantly anionic phospholipids or phospholipid-containing structures. aPL have
been associated with pregnancy disorders, including spontaneous miscarriage and recurrent miscarriage. The diagnostic approach of aPL-associated abortions includes the following steps: (i) identification of candidates for investigation, (ii) selection and application of the appropriate diagnostic tests, and
(iii) evaluation of the results obtained, in order to choose those women that will benefit from treatment
and the kind of treatment to be used.

Identification of Women for Investigation
In 1999 the American Society of Reproductive Immunology defined a broad clinical entity: reproductive autoimmune syndrome (RAS).1 RAS has been defined as a diagnostic entity to include women
having autoimmune clinical symptoms either limited to the reproductive system (reproductive autoimmune failure syndrome—RAFS)2 or systemic autoimmune disturbances related to the anti-phospholipid
syndrome (APS).
The clinical and laboratory findings of APS and RAFS are shown in Table 20.1.
aPL antibodies are recognized to have the strongest association with pregnancy loss among all other
factors causing immune-mediated abortions (aPL-associated abortions). There is evidence that 2–20%
of women with recurrent pre-embryonic or embryonic pregnancy losses have increased titers of aPL
and that these women have an 80–90% pregnancy loss rate with half of their pregnancies lost in the
first trimester.
According to the American Society of Reproductive Immunology, an aPL-related etiology should be
suspected in women with three or more consecutive pre-embryonic or embryonic pregnancy losses or
one or more unexplained fetal deaths above 10 weeks of gestation.1 Testing should also be considered in
women with fewer miscarriages if they have experienced thrombosis or autoimmune thrombocytopenia
(criteria of APS) or have a history of endometriosis or unexplained difficulty in conceiving, or even a
history of fetal growth retardation, severe pre-eclampsia or other obstetric complications in previous
successful pregnancies (criteria of RAFS). Women should also be investigated if histology has revealed
thromboses in the placenta of previously missed miscarriages, and should be combined with tests for
detecting hereditary thrombophilias.

Diagnostic Tests—Evaluation of the Results
aPL can be detected using sensitive solid-phase immunoassays or coagulation tests. Both assays are easy
to perform, but care is required in interpretation of the results. In order to distinguish between those
women at risk of abortion and those not at risk, it is important to consider the following parameters:
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TABLE 20.1
Clinical and Laboratory Findings in Reproductive Autoimmune Syndrome
Antiphospholipid Syndrome (APS)

Reproductive Autoimmune Failure Syndrome (RAFS)

Clinical features

• Thrombosis (≥1 unexplained
venous or arterial thrombosis,
including stroke)
• Autoimmune thrombocytopenia
• Recurrent pregnancy loss
≥1 consecutive and otherwise
unexplained fetal deaths (≥10 wk)
≥3 consecutive and otherwise
unexplained pre-embryonic or
embryonic pregnancy losses

Laboratory findings

• Anticardiolipin antibodies (ACA)
(>20 GPL or MPL units)
• Lupus anticoagulant (LAC)

• Fetal growth retardation (<34 week)
• Severe pre-eclampsia
• Obstetric complications (abruption placenta, chorea
gravidarum, herpes gestationis, HELLP syndromea)
• Unexplained infertility
• Endometriosis
• Recurrent pregnancy loss
≥1 consecutive and otherwise unexplained fetal
deaths (≥10 wk)
≥3 consecutive and otherwise unexplained preembryonic or embryonic pregnancy losses
• Antiphospholipid antibodies
• Lupus anticoagulant
• Gammopathy (usually polyclonal, mostly IgM)
• Antinuclear antibodies (including antibodies against
histones)
• Organ-specific autoantibodies (antithyroid
antibodies-ATA, anti-smooth muscle antibodies
-ASMA)

Hemolysis, elevated liver enzymes, and low platelet count.

a

(a) the assays to be used, (b) the type and (c) the isotype of aPL to be identified, (d) the antibody level
to be evaluated, (e) the interpretation of the results in relation to the heterogeneity of aPL and clinical
data, and (f) the timing for testing.

Assays for the Detection of Antiphospholipid Antibodies
aPL that do not prolong phospholipid-dependent clotting assays can be detected by immunoassays
using phospholipid-coated surfaces. Hence, antibodies against cardiolipin (aCL), phosphatidylethanolamine (aPE), phosphatidylserine (aPS), phosphatodylcholine (aPC), phosphatidylglycerol (aPG),
phosphatidylinositol (aPI), phosphatidic acid (aPA), and β2-glycoprotein I (aβ2GPI) are identified by
standardized enzyme-linked immunosorbent assays (ELISA) using surfaces coated with the relevant
phospholipid (usually complexed with cofactor proteins). The results are expressed in aPL units, with
1 unit being equivalent to the binding capacity of 1 μg/mL pure phospholipids. Depending on their
immunoglobulin isotype (IgG, IgM, IgA), aPL units are defined as GPL, MPL, APL. aPL ELISA
tests have high sensitivity, but low specificity, and the interpretation of their results is difficult. For
the results to be reliable, the assays must be properly standardized, standard calibrators must be used,
and the range of normal values must derive from measurements of aPL levels in a large number of
normal individuals.3
For the detection of aPL that prolong phospholipid-dependent clotting assays (lupus anticoagulant,
LAC), clotting time prolongation assays are used, in which prolongation of clotting is not corrected
with normal plasma, but with the addition of phospholipids. The activated partial thromboplastin time
(aPTT), and the diluted Russel viper venom time (dRVVT) are the recommended tests.4

Type of Antiphospholipid Antibodies
Classically, the work-up for the diagnosis of aPL-associated abortions was limited to the detection
of LAC (prolonged time of at least one phospholipid-dependent clotting assay) and the detection of
β2GPI-dependent IgG and IgM aCL antibodies in the serum (aCL-IgG >20 GPL units/mL or/and aCLIgM >20 MPL units/mL). LAC and increased aCL-IgG antibodies are independently associated with
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recurrent first and second trimester fetal loss and can be used as prognostic and diagnostic markers.5
It has been reported that women positive for LAC or aCL have a 16% and 38% rate of pregnancy loss,
respectively.6,7 Studies in women with RPL not receiving anticoagulation, have shown that LAC is most
associated with second rather than first trimester miscarriages.8 Moreover, the presence of aCL in the
absence of LAC most likely reduces the chance of live birth by 36–48% compared with the absence
of both aCL and LAC,9 while the detection of aCL before gestation or an increase during gestation are
considered as bad prognostic markers for the outcome of pregnancy.10
Today, it has become apparent that, although extremely useful, the diagnostic tests for LAC and aCL
may not be sufficient for diagnosing all patients with aPL-associated pregnancy loss or to elucidate
underlying pathology. A percentage of women experiencing RPL may be negative for aCL but positive
for other aPL. Several studies have shown that if only aCL are measured, 10–63% of positive aPL are
detected and 37–90% of women with RAFS will have the diagnosis missed.11,12 It is currently suggested
that for the diagnosis of RAFS-related abortions, a full aPL panel should be assessed including:- LAC,
aCL, aPE, aPS, aPC, aPG, aPI, aPA, aβ2GPI.13 However, the diagnostic value of aPLs other than aCL is
extremely controversial.14 It is thought that the presence of more than one aPL is a more accurate variable than the presence of one aPL in predicting pregnancy loss.15

Antibodies against Phosphatidylserine and Phosphatidylethanolamine
Measurement of aPS and aPE antibodies is indicated in women with early recurrent pregnancy losses,
since they represent those aPL that affect the cell division during embryogenesis and the normal function of the trophoblast.16 It has been shown that the trophoblastic layer directly in contact with the
maternal circulation is more reactive with aPS than with aCL,17 and the aPS assay is more sensitive
than testing for aCL in RAS-related abortions.18,19 aPE testing is also advisable, as higher titers of IgG
and IgM aPE have been reported in patients with RPL before the 10th week of gestation compared to
parous women. Moreover, aPE antibodies appear to be a reliable risk factor for early fetal losses (due to
the effect on trophoblast formation), and late pregnancy loss (due to binding to PE-kininogen complexes
which results in thrombin-induced platelet aggregation).20

Antibodies against Phosphatodylcholine, Phosphatidylglycerol,
Phosphatidic Acid, and Phosphatidylinositol
Some studies have shown a predominance of PC, PG, PA, and PI antibodies in women with RPL, but
their roles are less clear, and their diagnostic significance has not been established.21–23

Antibodies against Cofactor Proteins
Antibodies against cofactor proteins (prothrombin, annexin V, β2GPI) may be found in women with
RPL, but their clinical significance is uncertain. Since these particular antibodies usually coexist with
aCL, their effect as independent risk factors for miscarriage is not broadly accepted, and testing for
them is not usually included in the investigation. β2GPI is the main cofactor protein which binds phospholipids.24 The specific function of β2GPI remains unclear. However, pathogenic aPLs bind to the first
domain of β2GPI.25 Consequently anti-β2GPI antibodies have been included in the revised laboratory
criteria for APS.26 Women with autoantibodies directed against β2GPI exhibit an increased risk for
pregnancy morbidity,27,28 and testing is considered reasonable in cases where aPL-associated abortions
are suspected.29

Antibodies against Annexin V
Annexin V is necessary to maintain the integrity of placental structure.30 Antibodies against Annexin
V (aAnxV) are also increased in women with recurrent miscarriage. Although a recent study found
no association between aAnxV and the risk of miscarriage,28 several other studies suggest that aAnxV
may be an independent risk factor for early RPL.31–34 In contrast, anti-prothrombin (aPT) antibodies,

170

Recurrent Pregnancy Loss

although increased in RPL, do not appear to be independently associated with miscarriage and are not
usually included in the diagnostic panel.35

Isotype of Antiphospholipid Antibodies
Most aPL are of the IgG or IgM class, but a small number, (10%) may be IgA. Some studies report a
predominance of IgG antibodies in women with repeated miscarriages,21 but some others have found
that the majority of aPL are of the IgM isotype,19,36 or that positivity for IgM aCL could be better correlated to pregnancy outcome than IgG aCL positivity.9,19 In order to avoid misdiagnosis both IgG and
IgM isotypes should be assessed. Testing for IgA isotype-specific antibodies is not recommended for
women clinically suspected of having aPL-associated abortion.29

Titer of Antiphospholipid Antibodies
As low levels of aPL may be found in the normal population, low titers detected in women with RPL
should not be considered as risk factors for aPL-associated abortions (above the risk conferred by their
medical history), and are of doubtful clinical significance.37 However, medium and high titers of aCL
and/or other aPL antibodies (>40 GPL units) identify the women who would benefit from pharmacological prophylaxis in the next pregnancy. Eighty percent of women with very high levels of aCL (>80 GPL)
and a history of previous miscarriage(s) are expected to have fetal death in their next pregnancy.19,38

Heterogeneity of Antiphospholipid Antibodies
Depending on type, aPL affect pregnancy through different pathways. aCL, aPE, and aPS target relevant phospholipids on endothelial cells and lead to thrombosis in placental vessels. However, aPE and
aPS also target relevant phospholipids on the trophoblast and affect cell division during embryogenesis
and the formation of the syncytium.16 Furthermore, these antibodies and the aPC, aPG, and aPI target
relevant phospholipids in pre-embryonic tissues.39 The above data should be considered in the work-up.
In second trimester fetal death where thromboses have been found in the placenta, it is advisable to test
for antibodies with an anticoagulant effect (aCL, aPS), However, in women with early pregnancy and
pre-embryonic losses, the work-up should include aPL inhibiting trophoblastic cell function (aPS, aPE)
and possibly those affecting implantation (aPS, aPE, aPC, aPI, aPG, aPA).

Time of Testing
Since aPL may appear transiently in normal individuals,40 it is recommended that in order to establish
the diagnosis of aPL-associated abortions, increased titers of aPL should be detected in two specimens
drawn at an interval of 12 weeks. Furthermore, aPL that are increased during an unsuccessful pregnancy may decrease afterwards. Hence, aPL assays are of diagnostic value if performed during pregnancy or at a time close to pregnancy loss. Occasionally, aCL seem to remain high outside pregnancy.41

Epilogue
Because of the various types, the different isotypes, and the heterogeneity of aPL antibodies, a complete
investigation expected to provide the maximum sensitivity for the identification of the women with aPLassociated abortions would include more than 10 different tests. To maintain a reasonable cost–benefit
ratio, one has to choose the antibodies with the greatest diagnostic accuracy, while taking the clinical
features into account. We suggest testing for aCL and aPS antibodies, and, according to the results, to
continue by assessing other aPL. Such an algorithm is shown in Figure 20.1.
Finally, in women where an aPL-associated etiology is suspected, it should be borne in mind that
other autoantibodies may coexist, which are included in the diagnostic criteria of RAFS (e.g. antinuclear
antibodies, antithyroid antibodies). Furthermore, in women found positive for aPL, it is necessary to
exclude coexisting infections or recent vaccination, because some infectious pathogens (Helicobacter
pylori, hepatitis C virus, Haemophilus influenzae, Neisseria gonorrhoeae, tetanus toxoid) trigger
the formation of antibodies targeting not only microbial epitopes but also phospholipid/protein
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Positive

Confirm positivity
after 6–12 weeks
FIGURE 20.1

aPL-associated
abortions

Algorithm for the diagnosis of aPL-associated abortions.

epitopes (e.g., epitopes of β2GPI), as a result of molecular mimicry between them.42,43 Detection of the
above antibodies (autoantibodies, cross-reactive antibodies) will help to appropriately treat the women.
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Introduction
Antiphospholipid syndrome (APS) is a systemic autoimmune disorder of vascular thrombosis and/or
pregnancy complications. This disease is defined by the presence of both clinical and laboratory criteria.1 The clinical manifestations of obstetric APS include recurrent early miscarriage, fetal loss, early
and/or severe pre-eclampsia, and intrauterine growth restriction (IUGR). Thrombotic APS may include
arterial or venous thrombotic events, such as stroke or deep vein thrombosis, or thrombotic microangiopathy. Laboratory criteria include one or more of the following autoantibodies at medium to high titers
on more than one occasion at least 12 weeks apart: lupus anticoagulant (LAC), anticardiolipin antibodies (aCL), and/or anti-β2-glycoprotein-I antibodies (aβ2GPI).
This chapter outlines the treatment and monitoring of APS pregnancy, beginning with therapeutic
options and then describing treatment recommendations in various clinical scenarios.

Specific Therapies in Antiphospholipid Syndrome Pregnancy
Combination heparin and aspirin is standard therapy in pregnant women with a history of obstetric
APS. Some treatments used in refractory cases of APS pregnancy include intravenous immunoglobulin
(IVIG), hydroxychloroquine (HCQ), and plasma exchange.

Aspirin
Aspirin may affect embryo implantation and placental development by modulating the balance of
thromboxane, prostacyclin, and IL-3 production.2 Aspirin is nearly universally used in the treatment
of APS pregnancy, although literature supporting its use is somewhat contradictory. While one observational study demonstrated a lower rate of adverse pregnancy outcomes among patients receiving
aspirin at the time of the first study visit,3 a randomized, placebo-controlled trial of low dose aspirin
(LDA) versus placebo in APS patients with recurrent miscarriage failed to show a benefit in the LDAtreated group.4 This latter result is difficult to interpret as live birth rates in the placebo group exceeded
those in published studies. There was also no benefit in a meta-analysis performed by Empson et al. in
2005.5 However, the results from a recent observational study suggest that patients treated with aspirin
had fewer adverse outcomes.6 LDA is recommended by the American College of Obstetricians and
Gynecologists during subsequent pregnancies of APS patients with a history of recurrent pregnancy
loss.7

Unfractionated Heparin and Low-Molecular-Weight Heparin
The mechanisms of heparin therapy in APS pregnancy include antithrombotic effects, inhibition of
complement activation, direct antiphospholipid antibody (aPL) binding, and inhibition of tissue factormediated immunopathology in the placental bed.8 The results of heparin trials in obstetric APS patients
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are conflicting with regard to heparin’s role in improving pregnancy outcomes in APS patients. While
several studies demonstrated superior outcomes in aPL-positive patients receiving combination heparin
and aspirin therapy,5,9−13 others found no benefit of combination therapy over aspirin alone.14,15 In a single-center trial of 50 persistently aCL-positive women, each with at least three consecutive pregnancy
losses, Kutteh found significantly improved outcomes in the group receiving unfractionated heparin
with LDA compared to the LDA-only group with live birth rates of 80 and 44 percent, respectively.9
Another study of 90 aPL-positive women with recurrent pregnancy loss also randomized patients to
combination heparin and LDA versus LDA alone.12 In this study, Rai et al. demonstrated live birth rates
of 71 percent in the combination therapy group using enoxaparin and 42 percent in the group treated
with LDA alone. In contrast, Farquharson et al. failed to find a difference in the outcomes between
two similar groups, when dalteparin was used.14 The study by Farquharson et al.14 randomized 98 persistently-aPL positive women to receive low molecular weight heparin (LMWH) and LDA or LDA
alone, with live birth rates of 72 and 78 percent, respectively, although it should be noted that success
rates were high in both groups. Ziakas et al. performed a systematic review and meta-analysis further
examining the effect of combination heparin and aspirin therapy on pregnancy outcome in aPL-positive
women with recurrent pregnancy loss.13 Using pooled data from five randomized controlled trials, these
authors found heparin therapy to decrease the risk of first trimester losses (OR 0.39, 95% CI 0.24–0.65,
number needed to treat six). A recent observational study suggested that heparin may not be effective
in patients with lupus anticoagulant.6
Both unfractionated heparin (UFH) and LMWH have been shown to be safe and effective in preventing recurrent pregnancy loss.16,17 Both formulations carry risks of bleeding, osteopenia, and heparininduced thrombocytopenia, although these risks appear to be lower with LMWH than UFH. There are
no comparison studies between LMWH and UFH. They are assumed to be equivalent, but this assertion
remains in need of proof.

Warfarin and Other Oral Anticoagulants
Warfarin has been used by some for APS patients requiring therapeutic anticoagulation during late
stages of pregnancy. The benefits of switching from heparin to warfarin include lower cost, lower risk
of osteoporosis, and respite from self-injection. Warfarin should be avoided during the first trimester
(and heparin used instead) due to its potentially teratogenic effects. Anticoagulant therapy should be
switched back to heparin toward the end of the third trimester in preparation for labor and delivery.
There are no data regarding the use of oral factor Xa inhibitors, including rivaroxaban and apixaban,
in APS patients. Rivaroxaban is considered unsafe in pregnancy and data are insufficient to evaluate the
safety of apixaban in pregnancy. We do not recommend the use of either of these drugs in the treatment
of APS pregnancy.

Hydroxychloroquine
Evidence for using HCQ in the treatment of APS pregnancy comes from mechanistic studies in which
HCQ reversed the effects of aPL on syncytiotrophoblasts by reducing immunoglobulin binding and
restoring annexin A5 expression.18 Long thought to have anti-thrombotic effects, HCQ has been shown
to lower the incidence of thrombotic events in lupus patients.19−23 It is considered safe in both pregnancy
and lactation. We suggest the use of HCQ as an adjunctive therapy in those patients who have incidentally been found to have positive aPL (without thrombotic or adverse pregnancy events), aPL-positive
lupus patients, and in obstetric APS patients refractory to standard heparin/aspirin combination therapy.

Intravenous Immunoglobulin
Intravenous immunoglobulin (IVIG) has been studied in obstetric APS patients with recurrent fetal loss
despite combination heparin and aspirin therapy. An initial case report in 1988 described successful
delivery of a live infant at 34 weeks’ gestation to a patient treated with two courses of IVIG after nine
previous miscarriages.24 Larger studies have failed to demonstrate improved outcomes in subsequent
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APS pregnancies. Two randomized controlled trials comparing combination heparin and aspirin therapy to IVIG alone showed fewer live births and more first trimester miscarriages in the IVIG group.25,26
Another trial studied the addition of IVIG to standard treatments, comparing combination heparin and
aspirin therapy alone with combination heparin, aspirin, and IVIG.27 There was no significant difference in outcomes between these two groups, although it should be noted that all pregnancies resulted
in live birth. Dosing regimens and protocols for IVIG administration vary widely amongst reports and
studies; dosing ranged from 400 to 1000 mg/kg daily for one to five consecutive days each month.27−29
Despite the lack of evidence in favor of its use, IVIG still may serve as adjunctive therapy for patients
with refractory disease. Although IVIG does not seem to offer much advantage over standard treatment
in terms of live births, there is evidence that the incidence of obstetric complications such as pregnancy
induced hypertension, pre-eclampsia, gestational diabetes, intrauterine growth restriction, prematurity
and placental abruption 30−33 may be lower. If IVIG is used, anticoagulation continues throughout treatment. Additionally, the cost of IVIG is prohibitive.

Plasma Exchange
Case reports and case series describe the use of plasma exchange in obstetric APS patients who were
refractory to treatment with heparin and aspirin combination therapy.34,35 Plasma exchange regimens
varied from one to four sessions per week throughout pregnancy. These reports describe reductions in
aPL titers following treatment and rates of successful pregnancy were generally high. Additional studies
of plasma exchange in refractory APS pregnancies are warranted.

Glucocorticoids
The literature does not support the use of glucocorticoids in the treatment of APS pregnancy.36−38
Steroids have been associated with an increased risk of both adverse pregnancy events (pre-eclampsia,
IUGR, premature rupture of membranes, premature delivery, and gestational diabetes) as well as maternal complications (osteopenia, avascular necrosis, and infection). In the absence of other indications,
we do not recommend the use of glucocorticoids as treatment for APS pregnancy, unless indicated for
vasculitis, or other autoimmune phenomena.

Treatment Recommendations by Clinical Scenario
Patients with Prior Thrombosis
APS patients with a history of thrombosis are generally maintained on long-term or lifelong thromboprophylaxis with warfarin. Women of childbearing age should have a thorough understanding of the
teratogenic potential of warfarin between weeks six and 12 of gestation39 and take appropriate contraceptive precautions. Upon confirmation of a positive pregnancy test, warfarin should be replaced with
therapeutic doses of heparin, preferably LMWH (such as enoxaparin 1 mg/kg given subcutaneously
twice daily).40,41 We generally continue LMWH throughout pregnancy, but if cost or other considerations come into effect, warfarin may be used during mid- to late pregnancy. Warfarin may be restarted
at 14 weeks of gestation, then replaced again with LMWH at 36 weeks or two weeks prior to planned
delivery. As in the nonpregnant state, the International Normalized Ratio (INR) should be monitored
closely and maintained in a range of 2 to 3.42

Patients with Recurrent Pregnancy Loss
Patients with a history of recurrent pregnancy loss are generally treated with LDA and prophylactic doses of LMWH. This recommendation comes from several randomized controlled trials showing improved pregnancy outcomes with this strategy.5,9−13 It should be noted that studies of recurrent
pregnancy loss have generally not distinguished between embryonic loss and fetal demise, but instead
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combined patients into heterogeneous recurrent pregnancy loss groups. We recommend starting treatment with LMWH (such as enoxaparin 1 mg/kg given subcutaneously once daily) and LDA upon confirmation of an intrauterine pregnancy.

Patients with a History of Early, Severe Pre-eclampsia
This group has not been well studied. No treatment has been shown to prevent the development of
pre-eclampsia in APS patients but LDA and heparin therapy are recommended.43 However, there are
reports that IVIG is associated with a lower incidence.30,32 The definitive treatment for pre-eclampsia is
delivery, regardless of fetal age.

Patients with Asymptomatic Antiphospholipid Antibodies
There are no rigorous studies exploring treatment options for aPL-positive women with no prior thrombotic or pregnancy-related events. Over half of these women will have uneventful pregnancies without any treatment.44 Treatment options include monitoring and observation alone, LDA alone, LDA
with prophylactic heparin, and/or HCQ. When discussing treatment options, physicians should clearly
describe the potential risks of these treatments. Patient desires and anxieties should be addressed and
taken into account when making treatment decisions.

Preconception Counseling and Monitoring of APS Pregnancy
APS pregnancy is always considered high risk and should be managed by a team comprised of a maternal fetal medicine specialist and a rheumatologist or hematologist with experience in this disease. With
proper antenatal care and treatment, APS patients have a 75% chance of live birth.42

Preconception Counseling
Prior to becoming pregnant, aPL-positive women should meet with members of their care team to discuss the risks of APS pregnancy to the fetus (fetal loss, intrauterine growth restriction, prematurity) as
well as the mother (thrombosis, hypertension, pre-eclampsia). Patients with a history of recent thrombotic events, stroke, and significant pulmonary hypertension are at particularly high risk of death and
complications. Alternative methods of expanding a family, such as surrogacy or adoption, should be
mentioned, at the very least, ensuring that patients are informed of all possible options.
Preconception laboratory testing should include renal function, liver function, complete blood counts
(with particular attention to platelet counts), and quantity of urine protein. Prior aPL results should be
reviewed and may be repeated at this time. We generally do not repeat aPL testing during pregnancy as
subsequent results and titers are not known to correlate with risk of adverse outcomes.
Additional considerations to optimize pregnancy outcome include:
1. Minimize or eliminate modifiable thrombotic risk factors (i.e., smoking).
2. Ensure that current medications are safe during pregnancy.
3. Initiate prenatal vitamins.
4. Initiate calcium in patients who will be treated with heparin during pregnancy due to osteoporosis risk and consider vitamin D repletion, if necessary.
5. Ask to be notified immediately upon confirmation of a positive pregnancy test.

Monitoring throughout Pregnancy
We recommend initiation of LDA and LMWH in patients with a history of recurrent pregnancy loss
upon confirmation of a positive pregnancy test. Obstetric monitoring may include both clinical and
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ultrasonic assessments of fetal growth in addition to routine antenatal care with monthly office visits to
monitor for hypertension, increased urinary protein, and general maternal well-being. The frequency
of these visits may need to be increased in late pregnancy, and electronic monitoring added, to assess
fetal distress.
Patients should be advised to self-monitor for symptoms of aPL-related pregnancy complications,
including venous thromboembolism (VTE) and pre-eclampsia (headache, visual change, and abdominal
pain), and should know to seek medical attention immediately if they experience these symptoms. In
the event of pregnancy loss, pathologic and genetic evaluation of the abortus may be useful, particularly
in patients with loss in the first trimester, to rule out chromosomal anomalies as the reason for the loss.
Patients treated with therapeutic doses of LMWH may be monitored using factor Xa levels at periodic
intervals.

Labor and Delivery
We recommend scheduled delivery in patients receiving heparin therapy. Heparin should be held
12 hours before invasive procedures (i.e., epidural anesthesia and cesarean delivery) and may be
restarted 12 hours after completion of the procedure. Aspirin may be held seven days prior to delivery due to a slightly increased risk of perioperative bleeding, although some recommend simply
continuing aspirin in those patients with a history of arterial thrombotic events, including stroke
and myocardial infarction.

Postpartum Treatment
Given the increased risk of thrombotic events in the postpartum period, we recommend that obstetric
APS patients be treated with thromboprophylaxis for 12 weeks following delivery although data to
support this recommendation are lacking. For patients treated with prophylactic doses of heparin and
aspirin throughout pregnancy (those with recurrent pregnancy loss or history of pre-eclampsia), we recommend continuing the prophylactic regimen that was used throughout pregnancy for 12 weeks postpartum. This was discussed in great detail by the Obstetric APS Task Force of the 13th International
Congress on Antiphospholipid Antibodies in 2010 and was a subject of debate among experts in the
field, since the recommendation rests on opinion with no studies presenting valid data either for or
against.45
For patients with a history of aPL-related thrombosis, we recommended resuming therapeutic anticoagulation as soon as possible after delivery and, in most cases, lifelong anticoagulation. This follows
the recommendation of the American College of Chest Physicians Evidence-Based Clinical Practice
Guidelines which advises six weeks of prophylactic- or intermediate-dose LMWH or warfarin with a
target INR of two to three for women with a history of prior VTE (independent of aPL, lifelong anticoagulation is the recommendation for patients with APS diagnosed because of thrombosis).40
All patients should be offered conservative measures in the prevention of thrombosis; these include
early ambulation following vaginal delivery and the use of pneumatic compression stockings following
cesarean delivery.

Summary and Recommendations
Appropriate management can greatly improve maternal and fetal outcomes in APS pregnancies. The
mainstay of treatment for women with a history of thrombotic events is therapeutic dose heparin or
LMWH throughout pregnancy; for women with a history recurrent pregnancy loss, IUGR pregnancy, or
pre-eclampsia, LDA and prophylactic doses of heparin are recommended. For patients who are refractory to these therapies, IVIG, plasma exchange, and HCG may be considered. Future clinical trials are
warranted to guide treatment recommendations.
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Defects in Coagulation Factors Leading
to Recurrent Pregnancy Loss
Aida Inbal and Howard J. A. Carp

Introduction
In recent years, defects in coagulation factors both hereditary and acquired have been widely
investigated as causes of pregnancy loss, both sporadic and recurrent. The evidence for pregnancy loss
having a thrombotic basis is due to the widely reported association between antiphospholipid antibodies (aPL) and recurrent pregnancy loss (RPL). aPL are thought to cause pregnancy loss by thrombosis
in decidual vessels impairing the blood supply to the fetus leading to fetal death. Due to the assumption that aPL induces thrombosis causing pregnancy loss, it has been assumed that any prothrombotic
state may also increase the chance of pregnancy loss due to a thrombotic mechanism. Hereditary
thrombophilias have been classiﬁed into groups.1 (1) Defects in endogenous inhibitors of the coagulation pathway (antithrombin, protein C, protein S, tissue factor pathway inhibitor, and thrombomodulin
deﬁciency). (2) Increased levels or function of procoagulation factors (factor V Leiden [FVL], prothrombin gene mutation G20210A, dysﬁbrinogenemia and hyperﬁbrinogenemia, and increased levels
of factors VII, VIII, IX, and XI). (3) Hyperhomocysteinemia, mainly due to C677T homozygosis of
the methylenetetrahydrofolate reductase (MTHFR) gene. (4) Defects of the ﬁbrinolytic system, involving plasminogen, tissue plasminogen activator (tPA), plasminogen activator inhibitor (PAI), thrombinactivatable ﬁbrinolysis inhibitor (TAFI), factor XIII, and lipoprotein A. (5) Altered platelet function
(platelet glycoproteins GPIb-IX, GPIa-IIa, and GPIIb-IIIa). However, the prevalence of each hereditary thrombophilia varies in different ethnic groups.
In addition, deficiencies of factor XIII (FXIII) and fibrinogen are associated with pregnancy loss.
Both of these are bleeding diatheses which become apparent in childhood, and are associated with
impaired wound repair in addition to pregnancy loss and excessive bleeding. This chapter deals with
the association between decreased or increased levels of coagulation factors and pregnancy loss. The
various factors and their association with the trophoblast are shown in Figure 22.1.

Bleeding Diatheses Leading to Pregnancy Loss
Hereditary Factor FXIII Deficiency
Coagulation factor XIII (FXIII) is plasma transglutaminase that participates in the final step of the
coagulation cascade. Following activation by thrombin the active form—FXIIIa—cross-links fibrin
chains through γ-glutamyl-ε-lysine bonds, creating a stable clot resistant to fibrinolysis.2 In plasma,
FXIII circulates as a heterotetramer (A2B2) composed of two catalytic A subunits (FXIII-A) and two
carrier B subunits (FXIII-B).2 FXIIIa is synthesized by megakaryocytes, monocytes, and monocytederived macrophages, whereas FXIII-B is synthesized by hepatocytes. Platelets, monocytes, and macrophages contain only the A subunits of FXIII dimers.3
In contrast to factors VII, VIII, IX, X and fibrinogen, which increase during normal pregnancy,
the concentration of plasma factor XIII decreases during pregnancy, reaching 50% of normal at term.
Likewise, the activity of factor XIIIA is significantly decreased at the time of abortion.4
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FIGURE 22.1 Procoagulant and anticoagulant balance of trophoblast.

FXIII deficiency is a hereditary bleeding disorder, characterized by severe bleeding manifestations,
delay in wound healing and recurrent abortions in homozygous women.2 Women who are homozygous
for FXIII deficiency will not carry the pregnancy until term unless treated with factor XIII concentrate
throughout pregnancy.3,4 The minimal level of FXIIIA required for normal pregnancy is unknown;
however, only 0.5% to 2% of FXIIIA is required for normal hemostasis.5
The mechanism by which factor XIII supports normal pregnancy is unknown. FXIII is essential
for implantation, placental attachment, and further placental development by cross-linking not only
between fibrin chains but also between fibronectin and collagen, the major components of connective
tissue matrix.3,6 Hence, FXIII seems to play an essential role in the interaction between the blastocyst and the endometrium at implantation. FXIIIa also cross-links fibrin(ogen) and fibronectin, both of
which are important for maintaining the attachment of the placenta to the uterus.7 FXIII deficiency may
result in periplacental hemorrhage and subsequent spontaneous fetal loss. This hypothesis is supported
by evidence from a mouse model of FXIII deficiency: Pregnant FXIII A-subunit knock-out mice suffer
excessive uterine bleeding followed by embryonic demise.8 Kobayashi et al.9 have reported that FXIII-A
is present in the extracellular space of the extravillous cytotrophoblast shell adjacent to Nitabuch’s
layer. FXIII-A has also been colocalized with fibrinogen and fibronectin at Nitabuch’s layer.10 FXIII-A
has been reported to be absent from the placenta bed in women with FXIII deficiency, leading to deficient cytotrophoblastic shell formation.10 Thus, deficiency of FXIII-A at the site of implantation will
adversely affect fibrin–fibronectin cross-linking resulting in detachment of the placenta from the uterus
and subsequent miscarriage.8,10 Recent studies have shown FXIII-A to have proangiogenic activity both
in vitro and in vivo.11 Since embryo implantation requires adequate angiogenesis, FXIII’s supportive
role in implantation may be partly due to its proangiogenic activity.
Whatever the cause for pregnancy loss in FXIII-deficient women, administration of FXIII throughout pregnancy results in successful outcomes.3,4,6 A plasma-derived concentrate has been available
since 1980. The FXIII concentrate seems have a half-life of 10–12 days.12 Recently a recombinant
FXIII A-subunit protein has become available with a half-life similar to that of the plasma-derived
concentrate.13
The timing and dose of FXIII replacement for pregnant women and the optimal level of FXIII remain
unknown. The level of plasma FXIII generally achieved for successful pregnancy is 10% in women
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with FXIII deficiency.12 We treat pregnant women prophylactically with 20 IU/kg of FXIII concentrate
every four weeks to achieve a FXIII level of above 3%. A booster dose of 1000 IU is also given before
amniocentesis or labor.

Other Alterations in Factor XIII
It is unknown if there is an association between normal or decreased levels of FXIII and RPL. Whereas
plasma FXIII-B concentrations increase during pregnancy, FXIII-A tends to decrease resulting in an overall steady reduction in plasma FXIII reaching approximately 50% of normal at term.14 The A subunit rises
with the onset of labor and falls postpartum.14 This is in contrast to the progressive increase in levels of
fibrinogen, factors VII, VIII, IX, and X during pregnancy.15 Whether the reduction of plasma FXIII during pregnancy represents decreased synthesis of FXIII-A, increased utilization or destruction, or simple
dilution by the expanded plasma volume is not clear. In a cohort of non-FXIII deficient women with a
history of two or more first trimester miscarriages plasma FXIII levels were not found to be predictive for
subsequent pregnancy loss.16 A substitution of Tyr by Phe at position 204 in exon 5 of the factor XIIIA
gene was found in one study to be more prevalent in women suffering three or more miscarriages.17 The
Phe204 Factor XIIIA variant has been associated with lower specific activity. However, in subsequent
studies this association has not been confirmed. In a recent study, FXIII-A and FXIII B-subunit (FXIII-B)
antigen levels in 264 women with two or more unexplained consecutive miscarriages at or before 21 weeks
of gestation or at least one later miscarriage were measured.18 The control group consisted of 264 women
with no history of miscarriage and at least one living child. Overall, there were no differences in FXIII-A
and FXIII-B levels between patients and controls. Thus, no associations between FXIII levels and pregnancy loss were observed in this study as well. The findings from these few studies imply that RPL in the
general population is not associated with reduced FXIII plasma levels. Whether locally reduced FXIII-A
levels or impaired FXIII function in the placenta may contribute to an increased risk of abortion remains
to be investigated.

Fibrinogen Deficiency
Fibrinogen, a major blood glycoprotein, is a dimer of three polypeptide chains: Aα, Bβ and γ. It is
synthesized by hepatic parenchymal cells and its half-life is 3–4.5 days.19 Thrombin cleaves fibrinogen to its fibrin monomer, which then polymerizes and is stabilized by FXIII. Fibrin(ogen) is also a
target for fibrinolytic factors that dissolve excess fibrin to maintain vascular patency and integrity.
Fibrinogen is also a primary bridging molecule, linking activated platelets together via their glycoproteins IIbIIIa.20
The three overlapping hereditary abnormalities of fibrinogen: afibrinogenemia, dysfibrinogenemia
and hypofibrinogenemia have been associated with RPL. Afibrinogenemia—a defect in hepatic fibrinogen secretion or release—is inherited as an autosomal recessive trait and is associated with bleeding diathesis, impaired wound repair and RPL. A related form of this disorder is hypofibrinogenemia.
Hereditary dysfibrinogenemias are characterized by the biosynthesis of structurally and functionally
abnormal fibrinogen.
Brenner21 has reported that women with dysfibrinogenemia are candidates for miscarriage. Of 64 pregnancies in women with dysfibrinogenemia 39% terminated in miscarriage. The mechanisms whereby
dysfibrinogenemias are associated with a tendency to thrombosis have been reviewed by Mosesson.22
Hypofibrinogenemic women23 and experimental afibrinogenemic mice24 show similar features, with
regard to bleeding tendency, miscarriage and abnormal scar formation. Based on the mouse model,
absence or a significant decrease in maternal fibrinogen is sufficient to cause rupture of the maternal
vasculature, thereby affecting embryonic trophoblast infiltration and leading to hemorrhage and subsequent miscarriage.
Cryoprecipitate, fresh-frozen plasma and fibrinogen concentrate are the sources of fibrinogen commercially available. Replacement therapy throughout pregnancy is feasible for patients with pregnancy
losses.25 It has been suggested that the minimal level of normal fibrinogen to maintain pregnancy is about
60 mg/100 mL.26 A cryoprecipitate infusion of 0.2 bags/kg body weight (approximately 250 mg/bag)
will raise the fibrinogen concentration to 100 mg/dL. Since the half-life of fibrinogen is approximately
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four days, two weekly infusions of cryoprecipitate during the gestational period should be sufficient to
keep the fibrinogen level above 60 mg/dL and prevent pregnancy loss.
The benefits of substitution therapy should be weighed against the possibility of inducing thrombosis. Catastrophic thrombosis has been reported during fibrinogen replacement therapy in patients
with afibrinogenemia and dysfibrinogenemia.27 Prophylactic heparin or low-molecular-weight heparin
(LMWH) has been advocated for the peripartum period in these patients.28

Thrombophilias
The hereditary thrombophilias cause increased tendency to venous thrombosis and comprise a number
of conditions such as antithrombin, protein C, protein S deficiency, FVL, prothrombin gene (FII) mutation G20210A, homozygosity for the MTHFR mutation C677T and increased factor VIII. There are
also various acquired hypercoagulable states, the most common of which is antiphospholipid syndrome
(APS) which is discussed elsewhere. Proteins C and S and antithrombin are physiological anticoagulants. Deficiencies of these anticoagulants are uncommon.29 FVL is the most common cause of inherited
thrombophilia.29 It results from the substitution of adenine for guanine at nucleotide 1691 of the factor
V gene (G1691A), which causes the arginine in residue 506 of the factor V protein to be replaced by
glutamine (Arg506Gln). The resulting protein is called FVL. This mutation slows down the proteolytic
inactivation of factor Va, by activated protein C (termed activated protein C resistance, APCR), which
in turn leads to the augmented generation of thrombin. In the G20210A mutation of the prothrombin
gene, adenine is substituted for guanine at the 3′ untranslated part of the prothrombin gene. This mutation leads to more efficient mRNA processing of the prothrombin gene, which in turn is associated with
an increased level of prothrombin and generation of thrombin. FVL and the G20210A mutation in the
prothrombin gene are common among healthy whites (prevalence of 5% and 1.5%, respectively), but
rare in Asians and Africans. Homozygosity for MTHFR (C677T) may lead to hyperhomocysteinemia,
mainly when folate storage is decreased, which may also predispose to thrombosis. The mechanism is
multifactorial.

Thrombosis in Decidual Vessels
The evidence for pregnancy loss having a thrombotic mechanism rests on three pillars: demonstration of
thrombosis in decidual vessels, increased prevalence of thrombophilias in RPL and a higher incidence
of pregnancy loss in the presence of thrombophilias, Thrombophilia may be a cause of microembolism
in the placenta resulting in miscarriage, fetal death or adverse pregnancy outcome.30 Placental findings
have been compared in women with severe pregnancy complications with and without thrombophilias.
The results have not been consistent. The definition of severe pregnancy complications has included
numerous conditions such as fetal death, pre-eclampsia, preterm labor, intra-uterine growth restriction
(IUGR) or stillbirth. Histopathological examination has revealed lesions due to vascular hypoperfusion.
These lesions have included perivillous fibrinoid deposition, subchorionic fibrinoid plaque, subchorial
thrombosis, basal intervillous thrombus, intervillous lakes, retroplacental hematomas, maternal surface
chorionic villous infarction, and syncytial knots. Many papers have described an increased incidence
of placental pathology in hereditary thrombophilias.30,31 However, the above lesions are common to the
above obstetric complications and not to thrombophilia as such. Hence, Mousa and Alfirevic’s32 study
could not confirm these results, but found a high incidence of placental infracts (50%) and thrombosis
in both women with and without thrombophilias. There are few studies which describe maternal vessel
thrombosis as such, making it difficult to confirm thrombosis as the mechanism of the observed pathological changes. A thorough literature search by the author found no reports of placental pathology in
recurrent miscarriage as such.
Genetic polymorphisms of the thrombophilic genes of the parents have a 50% likelihood of transmission to the fetus, potentially affecting trophoblast function. Indeed Arias et al.33 evaluated 13 placentae
of women with pre-eclampsia, preterm labor, IUGR or stillbirth. Ten of 13 women (77%) had thrombophilias including aPL, protein C, S and antithrombin deficiencies, APCR, and FVL. Fetal thrombotic
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vasculopathy is histologically characterized by stem artery thrombosis, which may include occlusive or
mural thrombosis sclerotic/avascular terminal villi, hemorrhagic endovasculitis, inﬂammatory damage
to vessels.34 It is important to note that these histological changes are on the fetal side of the placenta,
not the maternal side.
The fact that no specific placental lesion has been found in thrombophilia could have a number of
explanations. There may be other thrombophilias as yet unknown, which could explain the high incidence of placental pathology, or that the lesions are the result of inflammatory changes in the placenta
associated with the underlying pathology, and unrelated to thrombophilia. Even in APS, thrombosis has
not been convincingly demonstrated in decidual vessels. Even in APS, after treatment with monoclonal
antiphospholipid antibody, stained placental sections have shown most reactivity to be localized to the
cytotrophoblast, suggesting that the trophoblast may be directly damaged by mechanisms unrelated to
thrombosis.35 As in hereditary thrombophilias, these histological changes were on the fetal, rather than
maternal side of the placenta. It seems that cell surface-associated membrane receptors rather than
soluble factors (such as thrombophilic factors) are the most relevant candidates to affect pregnancy
outcome.36
The maternal spiral arteries become remodeled by pregnancy hormones and trophoblast into uteroplacental arteries toward the end of the first trimester. In the uteroplacental arteries, the lumen is larger,
and the media is replaced by endovascular trophoblast cells. Hereditary thrombophilias predispose to
venous thrombosis, and have not been shown to predispose to arterial thrombosis. However, even if
there is thrombosis of the maternal uteroplacental arteries, it is by no means certain that thrombosis
can also occur in first trimester spiral arteries which are lined by arterial endothelium rather than
endovascular trophoblast. It is possible that first trimester miscarriage may be due to failure in the
mechanisms governing implantation or due to chromosomal or other abnormalities in the fetus, whereas
second trimester losses may be a consequence of thrombotic events in the placenta. However, no study
has assessed the placenta in first trimester pregnancy loss in the presence of thrombophilia, and compared the findings to second trimester losses, nor has any study assessed the placenta in the presence of
genetic pregnancy loss compared to pregnancy losses with a normal karyotype. Genetic polymorphisms
of the thrombophilic genes of the parents have a 50% likelihood of transmission to the fetus, potentially
affecting trophoblast function. Thus, to determine the true risk for adverse pregnancy outcome associated with genetic thrombophilias it is necessary to test the fetus for these thrombophilias.

Prevalence of Thrombophilias in Pregnancy Loss
When pregnancy loss is taken as a one condition, and not broken down into subgroups, thrombophilias
seem to be more prevalent.37 Brenner et al.38 tested women with three or more first trimester losses,
two or more second trimester losses or one or more third trimester loss. FVL was more prevalent in
the pregnancy loss group than controls; however, neither the MTHFR nor prothrombin mutations were
more common in women with pregnancy loss than controls. Forty-nine percent of women with pregnancy loss had a thrombophilia compared to 22% of controls. Rey et al.39 carried out a meta-analysis
of 31 studies in the literature. There was a significant association between hereditary thrombophilias
and pregnancy loss. Since the meta-analysis by Rey et al.,39 a number of papers have appeared assessing the prevalence of one or more thrombophilias in certain population groups. The results have been
inconsistent.
The prevalence of hereditary thrombophilias has also been assessed in recurrent miscarriage. The
disagreements in the literature have prompted the need for meta-analyses to determine whether the
prevalence is increased. Krabbendam et al.40 have reported a meta-analysis of 11 studies regarding
the association between thrombophilias and recurrent miscarriage. There were significantly higher
serum homocysteine levels among women with a history of recurrent miscarriage, but no increased
prevalence of the MTHFR C667T mutation. No relation was observed for the levels of antithrombin,
protein C or protein S. Nelen et al.41 have performed a meta-analysis to assess the relationship between
recurrent early pregnancy loss and hyperhomocyteinemia. Overall, the pooled odds ratios (ORs) for
elevated homocysteine were 2.7 (1.5–5.2), for afterload homocysteine 4.2 (2.0–8.8) and for MTHFR 1.4
(1.0–2.0). These data support hyperhomocysteinemia as a risk factor for recurrent early pregnancy loss.
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It seems logical that hereditary thrombophilias may be more prevalent in second and third trimester
losses rather than first trimester recurrent miscarriage. There are publications which separate early
and late pregnancy losses and the prevalence of thrombophilias. Preston et al.42 reported on hereditary thrombophilias and fetal loss in a cohort of women with FVL or deficiencies of antithrombin,
protein C, or protein S. Of 843 women with thrombophilia, 571 had 1524 pregnancies; of 541 control
women 395 had 1019 pregnancies. The incidence of miscarriage (fetal loss at or before 28 weeks of
gestation), and stillbirth (fetal loss after 28 weeks of gestation) were assessed jointly and separately.
The risk of fetal loss was increased in women with thrombophilia, OR 1.35 (95% confidence interval
[CI] 1.01–1.82). The OR was higher for stillbirth than for miscarriage 3.6 (CI 1.4–9.4) versus 1.27
(CI 0.94–1.71) respectively. The highest OR for stillbirth was in women with combined defects 14.3
(CI 2.4–86.0) compared with 5.2 (CI 1.5–18.1) in antithrombin deficiency, 2.3 (CI 0.6–8.3) in protein C deficiency, 3.3 (CI 1.0–11.3) in protein S deficiency, and 2.0 (CI 0.5–7.7) with FVL mutation.
Sarig et al.43 evaluated 145 patients with recurrent miscarriage and 145 matched controls. At least one
thrombophilic defect was found in 66% of study group patients compared with 28% in controls. Late
pregnancy wastage occurred more frequently in women with thrombophilia compared with women
without thrombophilia. Grandone et al.44 investigated the FVL mutation in 43 women with two or more
unexplained fetal losses and 118 controls. The FVL mutation was more frequent in women with second
trimester loss, but the prevalence of the mutation in women with first trimester loss and controls was
similar. A recent meta-analysis45 reported that the odds of pregnancy loss in women with FVL (absolute risk 4.2%) was 52% higher (OR = 1.52, 95% CI 1.06–2.19) as compared with women without FVL
(absolute risk 3.2%).

Prevalence of Thrombophilias in Late Obstetric Complications
Kupferminc et al.46 first reported that hereditary thrombophilias are more prevalent in pregnant women
with fetal growth retardation, pre-eclampsia, abruptio placentae, or stillbirth. A later systematic review
of 25 studies by Alfirevic et al.47 confirmed these findings. In the case-control study by Gris et al.48 of
232 women with a history of one or more second or third trimester losses, 21.1% of patients and 3.9%
of controls had at least one thrombophilia (p < 0.00001). The OR for stillbirth associated with any
positive thrombophilia was 5.5 (CI 3.4–9.0). Logistic regression analysis showed four risk factors for
stillbirth, protein S deficiency, positive anti-beta2 glycoprotein 1 IgG antibodies, positive anticardiolipin
IgG antibodies and the FVL mutation. The conclusion was that late fetal loss, might sometimes be the
consequence of a maternal multifactorial prothrombotic state involving placental thrombosis. The systematic review by Alfirevic et al.47 has shown that placental abruption was more often associated with
homozygous and heterozygous FVL, heterozygous G20210A and hyperhomocysteinemia. Women with
pre-eclampsia/eclampsia were more likely to have heterozygous FVL mutation, heterozygous G20210A
prothrombin gene mutation, homozygous MTHFR, protein C deficiency, protein S deficiency or activated protein C resistance. Stillbirth was more often associated with FVL, protein S deficiency and
activated protein C resistance. Women with intrauterine growth restriction had a higher prevalence of
G20210A, MTHFR or protein S deficiency. However, they concluded that “Women with adverse pregnancy outcome are more likely to have a positive thrombophilia screen but studies published so far are
too small to adequately assess the true size of this association.”
Infante-Rivarde et al.49 were the first to dispute the increased prevalence of hereditary thrombophilias in late obstetric complications. Silver et al.,50 investigated the prevalence of the prothrombin
gene mutation (G20210A), in a multicenter, prospective, observational cohort of 5188 unselected singleton gestations. There was no association between the prothrombin G20210A mutation and pregnancy
loss, pre-eclampsia, abruption, or small for gestational age (SGA) neonates in a low-risk, prospective
cohort. A similar study by Kjellberg et al.51 showed that FVL carriership did not influence pregnancyinduced hypertension, birthweight, or prematurity but raised the risk of venous thromboembolism
The different results could reﬂect heterogeneity of study design, inclusion criteria, sample size and
population studied, outcome deﬁnition and diagnostic criteria, as well as the prevalence of thrombophilias studied. Nevertheless, there may be an association, between some thrombophilias and some adverse
pregnancy outcomes.
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Cohort Studies
Case control studies can only show associations between thrombophilias and pregnancy losses. In order
to infer cause and to come to conclusions about treatment, cohort studies are necessary. In the case of
miscarriage, Ogasawara et al16 have reported that the subsequent miscarriage rate was not different
for patients with decreased protein C or S activity, or antithrombin. Carp et al.52 found the live birth
rate to be similar to that expected in recurrent miscarriage, whether the patient had FVL, G20210A,
MTHFR, protein C or S or antithrombin deficiencies. Salomon et al.53 have followed up 191 thrombophilic patients who attended an ultrasound clinic to prospectively assess obstetric complications. The
blood flow to the fetus was not compromised.
In the case of late obstetric complications, Sanson et al.54 investigated women with deficiencies
of antithrombin, protein S and protein C. In the 60 deficient subjects, 22.3% of the 188 pregnancies
resulted in miscarriage or stillbirth as compared to 11.4% of the 202 pregnancies in the 69 nondeficient
subjects. The relative risk of abortion and stillbirth per pregnancy for deficient women as compared to
nondeficient women was 2.0 (C.I. 1.2–3.3). However, a recent meta-analysis45 has suggested otherwise.
Rodger et al.45 analyzed 10 prospective cohort studies that examined the association between FVL and
the prothrombin gene mutation (G20210A), and placenta-mediated pregnancy complications and that
met their predefined criteria. Neither FVL nor prothrombin gene mutation (PGM) increased a woman’s
risk of pre-eclampsia or of giving birth to a SGA infant.

Treatment
This chapter only gives an outline of the treatment options, as the chapter is followed by a debate on
the place of treatment. Suffice to say, there are isolated reports that the presence of hereditary thrombophilias warrants thromboprophylaxis. The presumed benefit of antithrombotic therapy, and the absence
of side effects has led many clinicians to prescribe LMWH, aspirin, or both to women with recurrent
miscarriage and late pregnancy loss based on the presence of thrombophilia. However, the role of
treatment can only be determined in well-designed randomized trials where the effect of treatment is
compared to untreated, or placebo-treated patients. High-quality evidence for the beneficial effect of
LMWH is still absent, as there are no such trials. There has been a prospective study by Gris et al.55
comparing enoxaparin to aspirin in patients with thrombophilia and one pregnancy loss. Enoxaparin
was found to be superior to low dose aspirin. However, several methodological issues were raised, and
the results of this single study have neither been confirmed by other trials nor were they implemented
in the American College of Clinical Pharmacy (ACCP) guidelines.56 Carp et al.57 have reported a comparative cohort study comparing enoxaparin to no treatment in women with hereditary thrombophilias
and recurrent miscarriage. In all, 26 of the 37 pregnancies in treated patients (70.2%) terminated in live
births, compared to 21 of 48 (43.8%) in untreated patients (OR 3.03, 95% CI 1.12–8.36). The beneficial
effect was mainly seen in primary aborters, that is women with no previous live births (OR 9.75, 95% CI
1.59–52.48). This benefit was also found in patients with a poor prognosis for a live birth (five or more
miscarriages), where the live birth rate was increased from 18.2% to 61.6%. However, the trial was neither randomized nor blinded. There are three randomized trials of anticoagulants in the literature which
compared the live birth rate in women receiving anticoagulants for unexplained pregnancy loss.58–60
Two of these58,60 assessed hereditary thrombophilias. If the results of these two trials are summarized
together with the trial by Carp et al.57 there was a statistically significant 21% improvement in the live
birth rate (Figure 22.2) (OR 2.45, CI 1.24–4.85). However, the subgroup analyses in the two randomized trials were insufficiently powered to address the effect of antithrombotic treatment in thrombophilic women. In the ALIFE58 study, a nonsignificant increase in live birth was observed in the two
active treatment arms for women with inherited thrombophilia (relative risk for live birth 1.22; 95% CI
0.69–2.16 for aspirin, and 1.31; 95% CI 0.74–2.33 for aspirin combined with nadroparin, as compared to
placebo), highlighting the urgent need for new randomized controlled trials. This is the only evidence
available for a beneficial effect of thromboprophylaxis in women with hereditary thrombophilias and
RPL. There has been no trial of anticoagulants comparing the effects of treatment to untreated patients
regarding late obstetric complications. Recently, the ALIFE2 study (www.trialregister.nl, NTR 3361)
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has started recruiting, in which women with inherited thrombophilia and RPL will be randomized to
either treatment with LMWH plus standard pregnancy surveillance or standard pregnancy surveillance
only. The optimal dose of anticoagulants has not yet been determined. In a randomized prospective
study, no difference was found between 40 mg and 80 mg of enoxaparin (Clexane, Sanofi Aventis Ltd.
France) in women with thrombophilia and pregnancy losses.61

Other Prothrombotic Mechanisms of Pregnancy Loss
There are other mechanisms which may induce thrombosis, or may allow thrombosis to become apparent in patients with genetic predispositions to thrombosis.

Cytokines
Cytokines are low molecular weight peptides or glycopeptides, produced by lymphocytes, monocytes/
macrophages, mast cells, eosinophils, and blood vessel endothelial cells. Two cytokines have been associated with initiation of coagulation in infections; TNFα and IL-6 upregulate the expression of tissue
factor, which initiates the extrinsic phase of the coagulation cascade and subsequent thrombin generation. Additionally, interferon γ has been described as detrimental to thrombus resolution.62
Cytokine imbalances have been described in RPL,63 antiphospholipid syndrome,64,65 pre-eclampsia,66
preterm births,67 and intrauterine growth restriction.68 The predominance of prothrombotic cytokines
may well lead to placental thrombosis in genetically susceptible individuals.

Microparticles
Placental apoptosis has been described as a salient feature of pregnancy loss.69 Following apoptosis and
cell activation, the cell membrane is remodeled with the release of microparticles. The microparticles
express procoagulant phospholipids, such as phosphotidylserine on their external surface. These phospholipids are normally found inside the cell membrane. Microparticles lead to increased expression
of adhesion molecules, thus amplifying the procoagulant and/or inflammatory response on the endothelial cell surface. Microparticles have been found in increased numbers in normal pregnancy, when
there is constant deportation of trophoblast into the maternal circulation. Shetty et al.70 have analyzed
nine papers reporting the prevalence of microparticles in RPL. The majority of studies have found an
increased prevalence. However, it has not been determined whether endothelial microparticles may
cause pregnancy loss through subsequent thrombotic mechanisms, or may be a consequence of embryonic death. Twenty-nine to 60 percent of recurrent first trimester miscarriages are due to chromosomal
aberrations, which are incompatible with life and lead to miscarriage irrespective of other associations
or causes of pregnancy loss including the presence of microparticles. Even in missed abortion due to
chromosomal aberrations, the trophoblast undergoes apoptosis with subsequent microparticle formation
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and thrombosis. Microparticles may by themselves result in adverse conditions or they may be additive
factors to an already existing prothrombotic state in addition to the pre-existing hypercoagulable status
of pregnancy.

Hormones and Thrombosis
The hormones of pregnancy, estrogen, progesterone and hCG, all affect thrombosis. Estrogen may alter
the concentrations of clotting factors to a prothrombotic profile, for example, raising factor VII71 and plasminogen activator (PAI-1)72 and reducing antithrombin III.72 In mice, estrogen sulfotransferase (a cytosolic
enzyme which catalyzes the sulfoconjugation of estrogens) has a critical role in modulating estrogen activity in the mouse placenta during mid-gestation.73 Inactivation of estrogen sulfotransferase caused local and
systemic estrogen excess and an increase in tissue factor leading to placental thrombosis and fetal loss.
Additionally, estrogen can either stimulate or inhibit the production of IL-1 and TNF cytokines.74
Progesterone, however, seems to have opposing effects. Progesterone has prothrombotic effects
including upregulation of tissue factor expression,75 but progesterone also induces the production of
cytokines such as IL-4 which upregulates protein S, which inhibits coagulation.76
In addition to its endocrine luteotrophic role, hCG could also have a local role within the uterine
environment. Specific binding sites for hCG have been shown in various cells of the endometrium
and decidua. The local role of hCG in the endometrium has not been fully elucidated. Uzumcu et al.77
have assessed endometrial production of cytokines when stimulated by hCG. Increasing doses of hCG
caused a dose-dependent increase in TNFα and IL-6 secretion both of which have been reported to be
thrombogenic.

Single Nucleotide Polymorphisms in Coagulation Factors and Pregnancy Loss
The beta-fibrinogen -455G/A polymorphism (A/A genotype) and homozygosity for plasminogen activator inhibitor (PAI)-1, -675 4G/5G polymorphism were found to be associated with RPL; however, the
association is actually very slight.78–80
Control of thrombin generation is essential for normal hemostasis and is achieved by the physiological anticoagulants. One such anticoagulant is tissue factor pathway inhibitor (TFPI), an endothelialassociated protein that downregulates the initial phase of coagulation by inhibiting tissue factor–factor
VIIa and factor Xa complex.81 Another anticoagulant is antithrombin (AT), a multi-functional serpin
(serine protease inhibitor) that inhibits essentially almost all the active coagulation factors A recent
study82 analyzed the association of SNPs in TFPI and antithrombin genes with RPL in 117 nonpregnant
women with three or more consecutive losses prior to 20 weeks of pregnancy without a previous history of carrying a fetus to viability, and 264 healthy fertile nonpregnant women who had at least two
term deliveries and no known pregnancy losses.83 The results of the study showed that antithrombin
786G > A variant increases the risk for RPL, while TFPI T-287C variant is protective. Further studies
are required to confirm these findings.

Fetal Thrombophilia
As placental histology usually shows a fetal vasculopathy rather than maternal thrombosis, fetal thrombophilia may explain the pathological changes. The hemostatic balance in the placenta may be determined by both maternal and fetal factors cooperatively regulating coagulation at the feto-maternal
interface.84 Humans have an almost unique placentation in which trophoblast cells line the maternal
blood lakes rather than endothelial cells. Using genomewide expression analysis, Sood et al.36 identified a panel of genes that determine the ability of fetal trophoblast cells to regulate hemostasis at
the feto-maternal interface. Additionally, the trophoblast was shown to sense the presence of activated
coagulation factors via the expression of protease activated receptors. Engagement of these receptors
was reported to result in specific changes in gene expression. Hence, fetal genes might modify the risks
associated with maternal thrombophilia. Additionally, coagulation activation at the feto-maternal interface might affect trophoblast physiology and alter placental function in the absence of frank thrombosis.
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The author has seen fetal deaths in utero in which sonograms have shown complete occlusion of the
umbilical blood vessels. However, it is impossible to say whether the thromboses caused fetal death or
whether the changes occurred post mortem.
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Introduction
Normal pregnancy is characterized by a prothrombotic phenotype, which may be relevant to implantation success and the hemostatic challenges of delivery, but also to the development of pregnancy complications. As pregnancy progresses, a marked increase in thrombin generation is observed1 along with
elevation in procoagulant factors and decrease in natural anticoagulants.2 In in vivo models, targeting
tissue factor (TF), tissue factor pathway inhibitor (TFPI), thrombomodulin (TM) and endothelial protein C receptor (EPCR) was found to cause placental thrombosis and early embryonic lethality in mice.3
Treatment with heparin appeared to extend survival of EPCR−/− embryos,4 but not of TM−/− embryos.5
Recurrent miscarriage, late pregnancy loss, fetal growth restriction (FGR), placental abruption (PA),
and pre-eclampsia (PE) are common gestational pathologies, often sharing pathophysiological features.
Collectively, these disorders present in 10–20% of pregnancies and are potentially associated with
severe maternal and fetal outcome. Recurrent pregnancy loss (RPL) is a health problem affecting 1–5%
of women at the reproductive age, which has significant emotional, social and economical impact. The
hemostatic system plays an important role in these pathologies. For instance, coagulation activation is
observed and fibrin deposition is found in small vessels in patients with pre-eclampsia and PA and in
placentas of women with intrauterine fetal death.

Thrombophilic Risk Factors
Some case control and cohort studies have suggested an association between inherited thrombophilia
and RPL.6–8 Thrombophilic risk factors are frequent and can be observed in 15–25% of Caucasian populations. Since pregnancy is an acquired hypercoagulable state, women harboring thrombophilia may
present with clinical symptoms of vascular complications for the first time during gestation.9 Several
meta-analyses support an association between pregnancy loss and maternal factor V Leiden (FVL), and
factor II G20210A genotypes.10–12 Findings from the “NOHA first” study, a large carefully designed
case control study nested in a cohort of nearly 32,700 women, 18% of whom had pregnancy loss with
first gestation, demonstrate in a multivariate analysis an association between unexplained first pregnancy loss after 10 weeks of gestation and the two thrombophilic risks factors (odds ratio, OR = 3.46
and OR = 2.60, respectively).13
Likewise, pre-eclampsia was found to be associated with FVL or prothrombin mutation (PTM) and
homozygous MTHFR677T with mean OR around two.14 A large Finnish study of 100,000 consecutive
pregnancies reported that the risk of late preterm birth was three times higher in the FVL carriers, but
not in women with prothrombin polymorphism.15 Similarly, the Danish nested case-cohort study of
pregnant women showed that FVL elevated the risk of late pregnancy complications.16
Finally, a meta-analysis of prospective cohort studies demonstrated the likelihood of pregnancy loss
in FVL women to be around 50% higher. Notably, even this meta-analysis lacked power to detect
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increased risks in women with PTM.17 Thus, the current notion is that, while thrombophilias are not
the primary cause of pregnancy complications, they may still contribute to the miscarriage potential.
Women with antiphospholipid syndrome (APS) frequently present with RPL and/or late pregnancy
complications. A modest association has been found between the thrombophilic risk factors and pregnancy complications.17,18 Antithrombotics have been suggested to be beneficial in preventing late pregnancy loss in this clinical setting.18

Intervention with Antithrombotics
Documentation of thrombophilic risk factors in women with pregnancy complications may have therapeutic implications since recent clinical studies have demonstrated the potential efficacy of prophylaxis
with low-molecular-weight heparin (LMWH) in these settings.19,20 Gris et al.21 performed a prospective
randomized study in 160 women with thrombophilia and one previous pregnancy loss after 10 weeks of
gestation. They reported that enoxaparin given throughout gestation at a dose of 40 mg daily, resulted
in a significantly better live-born rate than low-dose aspirin (LDA) (86% vs. 29%, respectively). These
differences were found in women with FVL and factor II G20210A mutations as well as in women with
protein S deficiency. Moreover, thrombophilic women with copresence of protein Z deficiency or antibodies to protein Z had a reduced live birth rate following enoxaparin prophylaxis.21
In the LIVENOX study19,20 (a randomized control study of 160 women comparing thromboprophylaxis
with either 40 mg/day or 80 mg/day of enoxaparin), the incidence of pre-eclampsia in the 40 mg/day and
80 mg/day groups was 6.7% and 14.3%, respectively, and the incidence of PA was 13.5% and 8.8%, respectively. Approximately a quarter of the women in both groups had intrauterine growth restriction (IUGR)
in previous gestations (22.5% and 24.2%, respectively). The live birth rate before the study was only 28%.
During the study, the live birth rates were 84% for the 40 mg/day group, and 78% for the 80 mg/day group.
Late gestational complications decreased after enoxaparin treatment. The incidence of pre-eclampsia in
the enoxaparin 40 mg/day and 80 mg/day groups was 3.4% and 4.4%, respectively. Similarly, the incidence
of PA in the enoxaparin 40 mg/day and 80 mg/day groups was 4.5% and 3.3%, respectively.20
In view of the lack of any effective alternative treatment and based on the safety of LMWH in
pregnancy,22,23 some obstetricians introduced thromboprophylaxis in women with recurrent miscarriage
without thrombophilia.
In addition to pregnancy loss, a favorable local hemostatic milieu seems to be a prerequisite for
successful implantation.24 While procoagulant factors remain stable, impaired activity of the protein
C pathway can be observed in implantation failure.25,26 Based on the potential influence of heparin
on implantation through various mechanisms,27 various studies suggest that LMWH may improve the
implantation rate.28
Several mechanisms have been implied in placental hemostasis. The procoagulant nature of placental
trophoblasts may reflect the physiological requirement of hemostatic control in the intervillous space
and preventing PA. TFPI is highly expressed in the placenta starting with the late first trimester of
gestation up to term.29,30 Heparanase has been reported to upregulate TF expression and interact with
TFPI on endothelial cells, leading to elevated cell-surface coagulation activity.31 This effect on TFPI
and TFPI-2 in trophoblasts suggests potential involvement of heparanase in pregnancy complications.32
It was recently shown that microparticles (MPs), membrane vesicles shed from vascular and blood
cells, take part in the placental and maternal crosstalk in normal pregnancies as well as in pregnancy
complications33 and occur with increased frequency in RPL.34,35 A hemostatic balance, manifested by
the TF/TFPI ratio on MPs originating from maternal and placental cells, has been suggested to reflect
thrombogenicity in normal and pathological pregnancies.36
LMWHs stimulate expression, synthesis, and release of TFPI in endothelial cells and may exert their
effect in pregnant women at risk for gestational vascular complications (GVC) by modulating local
hemostasis at the syncytiotrophoblast (STB) surface, and affect trophoblast apoptosis, angiogenesis, and
complement activation.30,37 LMWH also promotes sflt1 release from first trimester placental villi. These
effects are mediated in part by an interaction between heparin and cytotrophoblasts.38
The safety of LMWH in pregnancy has been reviewed in about 2800 treated pregnancies,22 with the
main indications being venous thromboembolism (VTE) prophylaxis and late pregnancy loss prevention.
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The minor bleeding rate was low, thrombocytopenia was uncommon without heparin-induced thrombocytopenia, or clinically significant osteoporosis.

Low-Molecular-Weight Heparin for (Early) Miscarriage Prevention
Three recently published randomized controlled studies demonstrate that antithrombotic interventions
are not effective in nonthrombophilic women with two or more miscarriages.39–41 Notably, SPIN,39
ALIFE,40 and HABENOX41 also recruited a small number of thrombophilic women (6%, 15.6%, and
24.6%, respectively). However, these trials were not powered to detect differences in particular settings,
such as inherited thrombophilia and three or more recurrent miscarriages. In addition, an Italian multicenter observational study evaluated the efficacy of LMWH with/without aspirin on pregnancy outcome
in a large number of women with FVL or PTM, compared to no treatment.42 While a protective effect
of LMWH on miscarriage rate was observed, LDA appeared to be ineffective.

Antithrombotics for Pregnancy Complications
Several randomized controlled trials (RCTs) have assessed the role of antithrombotics in women
with placenta-mediated complications,43–47 with only one study addressing this issue in thrombophilic
women.48 The majority of these studies showed a beneficial effect of LMWH. In the FRUIT study, adding LMWH to aspirin reduced recurrent early-onset pre-eclampsia, with no impact on general recurrence
rate.48 A recent meta-analysis of these six RCTs compared LMWH versus no LMWH for the prevention
of recurrent placenta-mediated pregnancy complications, including 848 pregnant women with previous
complications. Prophylactic LMWH was associated with a significantly lower recurrence of a composite
outcome (pre-eclampsia, birth of a small for gestational age [SGA] newborn [<10th percentile], PA,
or pregnancy loss >20 weeks) of pregnancy complications (19% versus 43%). The conclusions of this
meta-analysis were that LMWH may be a promising therapy for recurrent, especially severe, placentamediated pregnancy complications but further research is required. Finally, a recent Cochrane review49
found that antithrombotic intervention was associated with a statistically significant reduction in risk of
perinatal mortality (RR 0.40; 95% CI 0.20–0.78), preterm birth before 34 (RR 0.46; 95% CI 0.29–0.73),
and 37 weeks (RR 0.72; 95% CI 0.58–0.90) of gestation and birth weight below the 10th percentile
for gestational age (RR 0.41; 95% CI 0.27–0.61), when compared with no treatment in women with
previous pregnancy complications. The effect of LMWH may be particularly relevant in RPL where the
incidence of pregnancy complications is higher (see Chapter 37).
Future studies should focus on examining antithrombotic interventions versus placebo (or suitable
controls) in thrombophilic women with well characterized pregnancy complications, stratified by disease mechanism severity and pathological findings, such as a severely infarcted placenta.

Practical Considerations
Current available data suggest that thrombophilia is associated with recurrent and late pregnancy loss
and also severe placenta-mediated complications. Early intervention with LMWH has the potential
to improve maternal, fetal, and neonatal outcome. However, further studies focusing on subgroups of
patients defined according to the disease pathology, such as specific thrombophilias or placental pathological findings, need to be conducted. In the meantime, risk assessment analysis is recommended, in
terms of maternal age, comorbidities, personal and family history of VTE, pregnancy complications,
and type of thrombophilia. In women at increased risk, thromboprophylaxis should be considered.
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Habitual abortion is usually defined as at least three consecutive fetal losses. It affects 0.3% of the pregnant population in proportion to a 75% live birth rate after three consecutive fetal losses.1,2 Recurrent
fetal loss often has a broader definition of at least three first trimester fetal losses and/or ≥two second
trimester fetal losses. It affects between 1% and 2% of the pregnant population. Factors that are major
determinants of the risk of miscarriage are; increasing maternal age, the number of prior fetal losses,
and if cardiac activity had been detected or not.2 The pathogenesis of recurrent fetal loss in the majority
of cases is still unclear. Several causes have been suggested: chromosome aberrations, thrombophilias,
thyroid abnormality, microparticles, and complement activation.3
Treatment of recurrent fetal loss with low-molecular-weight heparin (LMWH) is mainly based
on a supposed causative relationship between thrombophilias and recurrent fetal loss. Such a link is
not established and still disputed. Since more than 90% of women with heritable thrombophilias in
Caucasian populations are carriers of either coagulation factor V Leiden (FVL) or the prothrombin gene
mutation G20210A (FII), the analysis below will focus on these factors which are present in between 7%
and 13% in European populations. First trimester fetal loss has not been related to hereditary thrombophilia, neither in large cohorts4,5 nor in the largest case-control studies.6,7 Studies of early recurrent fetal
loss show no increased risk in the largest case-control studies.6,8 However, meta-analysis and systematic
reviews have reported an increased prevalence of thrombophilias in miscarriages.9,10 Meta-analyses may
not be a sound method of amassing evidence from retrospective, uncontrolled, underpowered studies,
which are subject to several types of bias and the reviews failed to identify large studies. In addition,
the conclusions drawn from case-control studies tend to overestimate risk assessments as compared to
cohort studies. With regard to second trimester (or >10 gestational weeks) or third trimester fetal loss,
there seems to exist an increased risk.7,11,12
Both FVL and FII are single gene mutations that appear first to have occurred 25,000 years ago.13
A strong relation between these thrombophilias and fetal loss would have had a strong negative impact
on the respective gene pool. Instead, the number of carriers of FVL have gone from one person 25,000
years ago to about 50 million carriers of Caucasian descent today.14 Thus, in an evolutionary perspective
it is unlikely that a large increase in risk of fetal loss in the general population has been caused by these
thrombophilias. However, this does not exclude the possibility of a relationship to small subgroups,
that is, second or third trimester fetal losses or habitual abortions. Thus, a causative link between fetal
loss and rare mutations such as antithrombin, protein C, and protein S deficiencies is more likely, as
compared to FVL and FII.12
There have been some treatment studies published using a “before and after” design.15,16 This design
lacks a control group and the result is conditioned by the phenomenon of “regression toward the
mean.”17,18 Therefore, in this type of design one should expect the group of women with a high rate of
recurrent fetal loss to have a lower rate in the following pregnancies by natural causes, independent
of medical intervention. Therefore, no conclusions may be drawn from the results. From our prospective cohort study of FVL and pregnancy complications,5 we have compiled data on the magnitude of
“regression toward the mean” (see data in Table 24.1).19 Our untreated women with recurrent fetal
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TABLE 24.1
Pregnancy Outcome in Different Subgroups of Women with Prior Fetal Loss

Recurrent fetal loss
  Enoxaparin 40 or 80 mg (n = 50) (Brenner et al., 200015)a
  Enoxaparin 40 mg (n = 89) (Brenner et al., 200516)a
  Enoxaparin 80 mg (n = 91) (Brenner et al., 200516)a
  No treatment (n = 37) (Lindqvist and Merlo, 200617)b
Second trimester fetal loss
  1 prior (n = 43) No treatment (Lindqvist and Merlo, 200617)
    ≥2 prior (n = 10) No treatment (Lindqvist and Merlo, 200617)
Nulliparous women with one prior fetal losses and carriers of FVL
  Low-dose aspirin (n = 36) (Gris et al., 200420)
  Enoxaparin 40 mg (n = 36) (Gris et al., 200420)
  No treatment (n = 20) (Lindqvist and Merlo, 200617)c
  No treatment (n = 52) (Lindqvist and Merlo, 200617)d

Prior Live Birth
Rate (%)

Present Live Birth
Rate (%)

20%
28%
28%
28%

75%
84%
78%
89%

49%
30%

98%
80%

0%
0%
0%
40%

29%
94%
95%
98%

Recurrent fetal loss ≥3 first trimester and/or ≥2 second trimester fetal loss.
a Includes or/and ≥1 stillbirth.
b Includes women with and without thrombophilia.
c Nulliparous carriers of FVL with at least 1 prior fetal loss.
d FVL carriers with at least 1 prior fetal loss.

loss have a similar outcome as those treated with enoxaparin.15,16 Moreover, our untreated FVL carriers with prior fetal loss had similar outcomes as the subgroup with FVL carriers with a single prior
fetal loss who were treated with enoxaparin (Table 24.1).19,20 Since, low-dose aspirin has not been shown
to be effective in recurrent pregnancy loss due to hereditary thrombophilia, comparisons must be made
with no treatment or placebo and not with low-dose aspirin.19,21 Two randomized controlled trials were
recently published on thromboprophylaxis for recurrent miscarriage.21,22 These were not designed for
comparison of hereditary thrombophilias but data are given. In these studies, 13% and 16% of women
tested positive for hereditary thrombophilia, that is, somewhat higher than expected. However, there
were no differences in the live birth rate between the study groups.
Regarding first trimester recurrent fetal loss there are presently no data suggesting increased prevalence of thrombophilias, which was the basis for LMWH treatment for this group. In addition, future
studies must deal with the high prevalence of abnormal embryonic karyotype (25–57%) in early
miscarriage.23
Regarding second and third trimester recurrent fetal losses there seems to be a slightly increased
prevalence of thrombophilias. However, in the absence of studies specifically designed to address the
issue at hand, we have as yet no evidence to recommend treatment with LMWH for recurrent fetal
loss due to thrombophilia. Thus, adopting anticoagulant prophylaxis to prevent late recurrent fetal loss
should be considered experimental.
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Opinion: Can Recurrent Pregnancy Loss Be
Prevented by Antithrombotic Agents?
Howard J. A. Carp

The association between inherited thrombophilic disorders and miscarriage was first detected in family
studies of probands diagnosed with venous thromboembolus (VTE).1−3 Many studies have subsequently
assessed the relationship between inherited thrombophilia and pregnancy complications.4−6 A presumed
benefit of antithrombotic therapy, and lack of side effects has led many clinicians to prescribe low-molecular-weight heparins (LMWH), aspirin, or both to women with recurrent miscarriage and unexplained
pregnancy loss, even in the absence of thrombophilia. The aim is entirely laudable, to prevent women
with recurrent pregnancy losses from suffering additional miscarriages. The rationale is that aspirin may
act on hitherto unrecognized thrombophilias, and that both aspirin and heparins have anti-inflammatory
effects in addition to anticoagulant effect. Indeed, there are additional throbmophilas which are not usually assessed in the clinical setting. Endothelial microparticles and Protein Z are just two. Aspirin selectively irreversibly acetylates the hydroxyl group of one serine residue in cyclooxgenase (COX) leading to
COX inhibition.7 Aspirin and other antiplatelet agents have also been reported to have a role in the inhibition of the proinflammatory cytokines TNFα and IL-8 in stroke.8 TNFα induces thrombin generation.9,10
IL-8 causes polymorph accumulation.11 Polymorphs react with fibrin and damaged tissues to form clots.
In addition, aspirin is capable of stimulating IL-3 production in vitro.12 Hence aspirin may also modify
cytokine-mediated thrombosis. The maintenance of pregnancy has been widely reported to be dependent
on a shift of the proinflammatory to anti-inflammatory cytokines.13
Heparins also have anti-inflammatory actions. Heparin increases serum TNF binding protein, protecting against systemic harmful manifestations of tumor necrosis factor (TNF).14 LMWH inhibit
TNFα production.15
Thrombosis results in an inflammatory response in the vein wall. Both heparin and LMWT limit the
anti-inflammatory response,16 including neutrophil extravasation and decreasing vein wall permeability.
Heparin also has direct effects on the trophoblast. It has been reported to restore the invasive properties
of the trophoblast in antiphospholipid syndrome (APS),17 and to enhance placental human chorionic
gonadotrophin (hCG) production.
However, the high-quality evidence for the beneficial effect of aspirin or LMWH is still absent.
Aspirin and LMWH will be examined separately.

Aspirin
Except in APS, there is only one randomized trial of aspirin for the prevention of miscarriage.18 The
authors concluded that low dose aspirin is ineffective in the prevention of miscarriage in recurrent
spontaneous abortion. Rai et al.19 carried out a prospective observational study to assess the value
of low dose aspirin (75 mg daily) in improving the subsequent live birth rate in women with either
unexplained recurrent early miscarriage (<13 weeks gestation; n = 805) or unexplained late pregnancy
loss (n = 250). There was no significant difference in the live birth rate between women with early
pregnancy losses who took aspirin compared to women who did not take aspirin (odds ratio [OR] 1.24;
95% confidence interval [CI] 0.93–1.67). In contrast, women with a previous late miscarriage who took
aspirin had a significantly higher live birth rate than those who did not take aspirin (OR 1.88; 95% CI
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TABLE 25.1
Aspirin in Unexplained Recurrent Pregnancy Loss
Aspirin
Tulppala et al.
Rai et al.19
Kaandorp et al.23
Visser et al.27 (aspirin and enoxaparin vs. enoxaparin
and placebo)
18

22/27 (81.5%)
373/556 (67.1%)
42/82 (51.2%)
32/48 (66.7%)

Control

RR (CI)

22/27 (81.5%)
308/449 (61.7%)
47/81 (58.0%)
35/51 (68.3%)

1.0 (0.78–1.29)
1.26 (0.92–1.64)
0.90 (0.66–1.22)
0.96 (0.62–1.46)

Note: Proportion of live births are shown in parentheses.

TABLE 25.2
Heparins in Unexplained Recurrent Pregnancy Loss
Heparin
Badawey et al. (enoxaparin and folic acid vs. folic acid alone) 161/170 (94.7%)
Dolitzky et al.21 (enoxaparin vs. aspirin)
44/54 (81.5%)
Clark et al.22 (heparin and aspirin vs. surveillance alone)
111/143 (77.6%)
Kaandorp et al.23 (nandoparin and aspirin vs. placebo)
45/92 (48.9%)
Visser et al.27 (enoxaparin and placebo vs. aspirin)
35/51 (68.2%)
20

Controls

RR (CI)

151/170 (88.8%)
42/50 (84.0%)
111/140 (79.3%)
47/81 (58.0%)
34/57 (59.6%)

1.07 (1.00–1.14)
0.92 (0.58–1.46)
0.95 (0.73–1.25)
0.84 (0.64–1.11)
1.24 (0.79–1.92)

1.04–3.37). The authors concluded that empirical use of low dose aspirin in women with unexplained
recurrent early miscarriage is not justified. Table 25.1 shows the various series in the literature from
which the effect of aspirin could be deduced. No trial showed a statistically significant effect.

Heparins
A randomized control trial (RCT) by Badawey et al.20 suggests that heparins may raise the live birth
rate in women with unexplained RPL. However, since the trial by Badawey et al.,20 there have been a
number of additional trials which are very heterogeneous in their nature. Dolitzky et al.21 compared
enoxaparin to aspirin in women with unexplained RPL loss in whom thrombophilas had been excluded.
There was no difference in the live birth rate. In the SPIN study,22 294 women with two or more
unexplained pregnancy losses were randomized to enoxaparin 40 mg combined with aspirin, 75 mg
plus standard surveillance or standard surveillance only. No effect of the medical intervention was
observed. In the ALIFE study,23 364 women with two or more unexplained pregnancy losses were randomized to nadroparin 2850 IU combined with aspirin 80 mg, aspirin 80 mg only, or placebo (for aspirin) before conception or at a maximum gestational age of six weeks. The chance of live birth did not
differ between the treatment groups. The various trials have been summarized in Table 25.2. No trial
shows any benefit from the use of heparins. Based on the updated available evidence various guidelines
recommend against the use of antithrombotic agents in women with unexplained RPL.24,25
In conclusion, none of the abovementioned intervention studies have clearly and unequivocally shown
the benefit of LMWH with or without the addition of aspirin in women with unexplained recurrent pregnancy loss. These gaps should be filled by multinational collaborative studies.26
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Uterine Anomalies and Recurrent Pregnancy Loss
Daniel S. Seidman and Mordechai Goldenberg

Introduction
Although uterine anomalies have been associated with recurrent miscarriage, it is frustrating to realize how little is known about the pathophysiology underlying uterine anomalies and fetal wastage.
Additionally, the prevalence and impact of uterine malformations have not been conclusively determined.1 Even the true incidence of congenital uterine anomalies in the general population is unknown.
A review of the available literature reveals a wide range of reported incidences, from 0.2% to 10.0%.2
Using newer imaging modalities, it is currently estimated that the incidence of uterine anomalies in the
general population is approximately 1%, and it is about three-fold higher in women with recurrent pregnancy loss and poor reproductive outcomes.2 Below, we will discuss in detail the new modes of imaging
that have been introduced over the last two decades and which may modify the previously reported data
on the incidence.
In addition to pregnancy loss, uterine malformations predispose women to other reproductive difficulties including infertility, preterm labor, and abnormal fetal presentation. These poor reproductive
outcomes are often attributed to the presence of a uterine septum, intrauterine adhesions, polyps, and
fibroids, all of which are amenable to surgical correction. Therefore, an accurate diagnosis is essential
in order to offer appropriate treatment.
In this chapter, we will review the common congenital and acquired uterine anomalies associated
with recurrent pregnancy losses, and discuss contemporary diagnosis and treatment options.

Development and Classification of Mullerian Tract Defects
Uterine anomalies are commonly classified as congenital or acquired. The classification of congenital
uterine defects is largely based on the understanding of Mullerian duct development. The two-paired
Mullerian ducts of the embryo ultimately develop into the female reproductive tract. The cephalic ends
of the Mullerian ducts form the fallopian tubes and the caudal portions fuse to form the uterus, cervix,
and the upper two-thirds of the vagina. The ovaries and lower one third of the vagina have separate
embryologic origins. The Mullerian ducts grow caudally and become enclosed in peritoneal folds that
later develop into the round and ovarian ligaments. In the female embryo, sexual differentiation is
marked by degeneration of the Wolffian ducts in the absence of fetal testes and testosterone. Absence of
Mullerian-inhibiting substance, allows the Mullerian ducts to fully mature. At 9 weeks of gestation, the
uterine cervix is recognizable and by 17 weeks, the formation of the myometrium is complete. Vaginal
development begins at approximately 9 weeks. The uterovaginal plate forms between the caudal buds
of the Mullerian ducts and the dorsal wall of the urogenital sinus. These cells will degenerate, thereby
increasing the distance between the uterus and urogenital sinus. Hence, the upper two thirds of the
vagina derives from Mullerian ducts while the remainder derives from the urogenital sinus. Complete
formation and differentiation of the Mullerian ducts into the segments of the female reproductive tract
depend on completion of the following three phases of development: organogenesis, fusion both laterally and vertically, and resorption.
In failure of organogenesis, one or both Mullerian ducts may not develop fully, resulting in abnormalities such as uterine agenesis or hypoplasia (bilateral) or unicornuate uterus (unilateral). In lateral fusion
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TABLE 26.1
Classification of Mullerian Duct Anomalies
1
2
3
4
5
6
7

Class I—Uterine agenesis or hypoplasia
Class II—Unicornuate uterus
Class III—Didelphys uterus
Class IV—Bicornuate uterus
Class V—Septate uterus
Class VI—Arcuate uterus
Class VII—Diethystilbestrol (DES) exposed uterus

defects, the process by which the lower segments of the paired Mullerian ducts fuse to form the uterus,
cervix, and upper vagina fails. Failure of fusion results in anomalies, such as bicornuate or didelphys
uterus. Vertical fusion refers to fusion of the ascending sinovaginal bulb with the descending Mullerian
system (i.e., fusion of the lower one third and upper two thirds of the vagina). Complete vertical fusion
forms a normal patent vagina, while incomplete vertical fusion results in an imperforate hymen.
After the lower Mullerian ducts fuse, a central septum is present, which subsequently must be resorbed
to form a single uterine cavity and cervix. Failure of resorption results in a septate uterus.
Mullerian tract anomalies occur throughout development, although the etiology of these defects
remains poorly understood. The most commonly used classification of mullerian anomalies is that of
the American Fertility Society (AFS) (now named the American Society for Reproductive Medicine,
ASRM),3 which is shown in Table 26.1.

Subseptate Uterus
Subseptate uterus is considered to be the most common major uterine anomaly in women with recurrent
pregnancy loss,4 and recurrent first trimester pregnancy loss.5 Indeed the subseptate uterus accounted
for 70–90% of major anomalies found in low risk women with uterine anomalies.6–8 A recent study has
suggested that pregnancy outcome is poor if a septate uterus is incidentally diagnosed in the early stage
of a viable intrauterine pregnancy.9
The association between repeated pregnancy loss and subseptate uterus has been attributed to the
decreased amount of connective tissue in the relatively avascular septum resulting in poor decidualization and placentation. In addition, the increased amount of muscle tissue in the septum can cause miscarriage by the production of local uncoordinated myometrial contractility. The view that inadequate
blood supply to the developing embryo accounts for the fetal losses is supported by histological evaluation of the septum showing a significantly reduced vascular supply relative to the rest of the uterus.10,11 If
this theory is correct, then the likelihood of miscarriage caused by septal implantation should increase
with the severity of the disruption of uterine morphology.6
Salim et al.6 showed that the degree of distortion of the uterine cavity in subseptate uterus was higher
in women with recurrent miscarriage, compared with low risk women. The uterine cavity was mainly
distorted due to the reduced length of the unaffected cavity, rather than increased septum length. The
greater degree of uterine cavity distortion in recurrent pregnancy loss supports the hypothesis of septal
implantation as a potential cause of miscarriage, as the likelihood of septal implantation increases with
an increasing ratio of septal size to functional cavity.

Arcuate Uterus
An arcuate uterus has, by definition, an intrauterine indentation of <1 cm. The AFS has classified the
arcuate uterus as a minor malformation with a benign clinical behavior. Using three-dimensional (3D)
ultrasound, Salim et al.6 found that the prevalence of arcuate uterus was 17% in women with recurrent
miscarriage, which is significantly higher than the 3.2% prevalence in low risk women.8 In addition, it
has been shown that distortion of uterine cavity is greater in women with recurrent first trimester loss
as with the subseptate uterus.
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The diagnosis of arcuate uterus is difficult when conventional diagnostic methods are used such as
hysteroscopy or laparoscopy, as the diagnostic criteria are far from clear.12 As a result, little is known
about the prevalence and clinical significance. Although many believe that the arcuate uterus has little
or no impact on reproduction and obstetrical outcomes,13 some studies have reported an increase in
adverse reproductive outcomes, mostly second trimester loss.9,14,15 Gergolet at al.15 followed women with
at least one early miscarriage and a subseptate or arcuate uterus undergoing hysteroscopic metroplasty.
The miscarriage rates after metroplasty were similar between the women with subseptate and arcuate
uterus (14.0% and 11.1%, respectively). Before metroplasty, the miscarriage rates were significantly
higher in subseptate uterus group, as well as in the arcuate uterus group. The authors therefore concluded that the arcuate uterus had a similar effect on reproductive outcome as the subseptate uterus both
before and after surgical correction.15

Unicornuate Uterus
A unicornuate uterus is the result of complete, or almost complete, arrest of development of one of
the Mullerian ducts (Figure 26.1). When the arrest is incomplete (in 90% of patients with unicornuate
uterus), a rudimentary horn with or without functioning endometrium may be present. If the rudimentary horn is obstructed, it may present as an enlarging pelvic mass, with unilateral cyclical pelvic pain
secondary to hematometra. Pregnancies can occur in the rudimentary horn with an estimated incidence
of 2%. These cases may be difficult to diagnose, and may result in rupture of the rudimentary horn.
The incidence of unicornuate uterus has been estimated to be 6.3% of uterine anomalies, and may be
associated with urinary tract and renal anomalies. Urinary tract anomalies should be suspected in all
women with a unicornuate uterus.16 Unicornuate uterus has been associated with the worst reproductive
outcome.17 About one third of all pregnancies result in miscarriage.9,18,19 The high miscarriage rate is
mostly attributed to abnormal uterine vasculature and decreased muscle mass. Increased cesarean section rates are a result of fetal malpresentation and irregular uterine contractions during labor.
There are no surgical procedures to correct the unicornuate uterus. Prophylactic cervical cerclage has
been suggested for the prevention of miscarriage in patients with unicornuate uterus, although there is
no clear evidence of cervical incompetence.20 However, with little data to support the use of cerclage,
most clinicians prefer to use careful follow-up with frequent clinical and sonographic evaluation of
cervical length. Resection of the cavitated rudimentary horn is often recommended in symptomatic

FIGURE 26.1 Three-dimensional (3D) transvaginal ultrasound of a unicornuate uterus using volume contrast imaging
in plane C (VCIC). (Courtesy of Prof. Yaron Zalael MD, Sheba Medical Center, Tel-Hashomer, Israel.)
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patients with unicornuate uterus, suffering from dysmenorrhea and hematometra. Laparoscopic excision of the rudimentary horn has been shown to be an effective surgical approach.21

Uterus Didelphis
A double uterus results from the complete failure of the two Mullerian ducts to fuse (Figures 26.2 and
26.3). Therefore, each duct develops into a separate uterus each of which is narrower than a normal
uterus and has only a single horn. The two uteri may each have a cervix or may share a cervix. In
67% of cases, uterus didelphis is associated with two vaginas separated by a thin wall. Didelphic

FIGURE 26.2 Two-dimensional (2D) transvaginal ultrasound of a didelphys uterus with obstructed right vagina (hematocolpus). (Courtesy of Prof. Yaron Zalael MD, Sheba Medical Center, Tel-Hashomer, Israel.)

FIGURE 26.3 Two- and three-dimensional (2D and 3D) transvaginal ultrasound of a didelphis uterus (using volume
contrast imaging in plane C [VCIC]). (Figure courtesy of Prof. Yaron Zalael MD, Sheba Medical Center, Tel-Hashomer,
Israel.)
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uteri are relatively uncommon with an estimated incidence of 6.3% of uterine anomalies.6 The two
uteri do not always function normally and are associated with a miscarriage rate of 20.9% and
a preterm delivery rate of 24.4%.6,22 A long-term follow-up of 49 Finnish women with didelphic
uterus and a longitudinal vaginal septum reported an obstructed hemivagina in nine women (18%).
Eight of these nine women also had ipsilateral renal agenesis.22 Cesarean section rates are higher
due to uterine dystocia and malpresentation.23 In addition, didelphic uterus is commonly associated
with a patent or obstructed vaginal septum. Fertility in women with didelphic uterus is not notably
impaired. However, endometriosis is more commonly associated with a didelphic uterus possibly
because of retrograde menstruation.22

Bicornuate Uterus
A bicornuate uterus results from partial nonfusion of the Mullerian ducts (Figure 26.4). The central
myometrium may extend to the level of the internal cervical os (bicornuate unicollis) or external cervical os (bicornuate bicollis). The latter is distinguished from uterus didelphis as there is some degree
of fusion between the two horns, while in uterus didelphis, the two horns and cervices are separated
completely. In addition, the horns of the bicornuate uteri are not fully developed; typically, they are
smaller than those of didelphys uteri. Bicornuate uteri are probably the most common uterine anomaly
after septate and arcuate uterus.23 The reproductive outcome seems to be directly correlated with the
severity of fundal indentation. It is generally considered that the bicornuate uterus does not directly
affect infertility, but may be linked with recurrent miscarriages. Bicornuate uterus can be corrected
surgically by metroplasty.

T-Shaped Uterus and Diethylstilbestrol Exposure
Diethylstilbestrol (DES) is a synthetic estrogen that was used from 1948 up to its ban in 1971 to prevent
further pregnancy losses in women with recurrent pregnancy loss. However, approximately two thirds
of embryos exposed in utero developed uterine abnormalities, including a characteristic small, incompletely formed uterus with a T-shaped cavity and a hypoplastic cervix. The spontaneous incidence of
T-shaped uterus is unknown in the general population. In addition, approximately half of DES exposed
women have structural cervical defects, including an incompletely formed cervix. The mechanism by

FIGURE 26.4 Three-dimensional (3D) transvaginal ultrasound of a bicornuate uterus. (Courtesy of Prof. Yaron Zalael
MD, Sheba Medical Center, Tel-Hashomer, Israel.)
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which DES disrupts normal uterine development is not known. Diethylstilbestrol exposed women are
less likely than unexposed women to have a full term live birth, and are more likely to have premature
births, spontaneous pregnancy losses, or ectopic pregnancies.24 Women exposed to DES in utero are
also at increased risk for breast cancer and clear cell adenocarcinoma of the vagina and cervix.25
The molecular mechanism through which DES exposure induces vaginal adenosis has recently been
attributed to inhibition of BMP4/Activin A-regulated vaginal cell fate decision through a downregulation
of RUNX1.26 It has been suggested that BMP4 and Activin A produced by vaginal mesenchyme synergistically activates the expression of ΔNp63, thus deciding vaginal epithelial cell fate in the Müllerian
duct epithelial cells via direct binding of SMADs on the highly conserved 5′ sequence of ΔNp63.26
Goldberg and Falcone,27 in a metaanalysis of DES-exposed subjects, found a 9-fold increase in ectopic pregnancy, a 2-fold increase in miscarriage rate, and a 2-fold increase in preterm delivery compared
with a matched control population. Pregnancy rates were similar between DES-exposed women and
controls, 72% and 79%, respectively. The poor obstetric outcomes are caused not only by the uterine
anomaly, but also by an antiestrogenic effect at the level of the endometrium.25 The clinical significance
of DES exposure is rapidly diminishing as those affected women pass their reproductive years.25

Myomas
Myomas are considered the most common acquired anomaly of the uterus. It has been shown28 that
infertile women with fibroids have a lower pregnancy rate when undergoing assisted reproduction than
age-matched women with no fibroids. Submucous myomas deform the uterine cavity; the overlying
endometrium is usually thin and inadequate for normal implantation. Submucous fibroids can also be
associated with pregnancy loss.29 The case is less clear with intramural and subserosal fibroids.30 In
these locations, the size and the number of fibroids may be significant. Significantly lower implantation
and pregnancy rates have been found in patients with intramural or submucosal fibroids undergoing in
vitro fertilization and intracytoplasmic sperm injection (IVF/ICSI) even when there was no uterine cavity deformation.28 Furthermore, the pregnancy rate observed within one year of myomectomy is higher
than that observed in couples with unexplained infertility and no treatment.31,32 A recent large retrospective study reaffirmed the observation that while non cavity-distorting fibroids did not affect IVF/ICSI
outcomes, intramural fibroids greater than 2.85 cm in size significantly impaired the delivery rate of
patients undergoing IVF/ICSI.33

Polyps
Polyps are benign hyperplastic endometrial growths that have also been associated with adverse pregnancy outcomes. It is postulated that polyps and fibroids with intracavitary extension may act like foreign
bodies within the endometrial cavity.34 It has also been proposed that polyps and fibroids might induce
chronic inflammatory changes in the endometrium that make it unfavorable for pregnancy. A recent
case-control study suggested a molecular mechanism to support the clinical findings of diminished pregnancy rates in women with endometrial polyps.35 The effect of hysteroscopically identified endometrial
polyps on the endometrium has been evaluated using HOXA10 and HOXA11, expression, HOXA10 and
HOXA11 are molecular markers of endometrial receptivity. Uteri with endometrial polyps demonstrated
a marked decrease in HOXA10 and HOXA11 messenger RNA levels, which may impair implantation.35
As the presence of polyps has been associated with a worse prognosis for pregnancy, polypectomy is
usually considered if no other explanation for the recurrent loss is found.34,36

Intrauterine Adhesions
Intrauterine synechiae may not be a frequent cause of recurrent miscarriage, but may lead to secondary infertility. Intrauterine adhesions develop as a result of surgical procedures, typically curettage, or
endometritis. Intrauterine scars can probably interfere with normal implantation and may be responsible
for pregnancy loss. A recent systematic review estimated that intrauterine adhesions are encountered
in one in five women after miscarriage.37 However, in more than half of these women, the severity and
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extent of the adhesions was mild, with unknown clinical relevance. The authors’ identified recurrent
miscarriage and dilatation and curettage procedures as risk factors for adhesion formation. Congenital
and acquired intrauterine abnormalities, such as polyps or fibroids, were frequently identified. The
authors failed to identify studies associating intrauterine adhesions and long-term reproductive outcome
after miscarriage. Nevertheless, they noted that similar pregnancy outcomes were reported subsequent
to conservative, medical or surgical management.37 Intrauterine adhesions are expected to be more
common among patients with recurrent miscarriage, since the formation of adhesions may even follow
a simple manual vacuum aspiration for early pregnancy loss.38

Investigation of Uterine Integrity
In patients with recurrent pregnancy loss, imaging studies are important during the initial work-up in order to
assess the integrity of the uterus. The guidelines of the Royal College of Obstetricians and Gynaecologists39
for investigating recurrent miscarriage, recommend an ultrasound scan of the pelvis, but this recommendation is based solely on the clinical experience of the guideline development group, rather than on published
evidence. A cross-sectional study if 875 women who had two or more consecutive miscarriages found a
uterine anomaly in 169 (19.3%) of the patients.40 It was further shown that recurrent miscarriage patients
with a prior viable birth were less likely to have a uterine anomaly than those who had never given birth.
The authors concluded that their results support diagnostic imaging of the uterus after two losses in women
with secondary recurrent miscarriage as well as for women with primary recurrent miscarriage.40
Transvaginal sonography (TVS) is usually the initial investigation, but can be enhanced by 3D ultrasound. TVS allows accurate and rapid characterization of the uterus including its size and position,
as well as the presence of anomalies such as a duplicated cervix, duplicated uterus, uterine septum or
unicornuate uterus. TVS is also useful in determining the size and location of uterine myomas, as well
as the presence of intrauterine polyps and endometrial irregularities that might suggest adhesions.
Reports on two-dimensional (2D) and 3D transvaginal ultrasound, as well as saline contrast sonohysterography, appear promising for the diagnosis and classification of congenital uterine anomalies. It was
recently suggested that current advances in ultrasound technology, specifically 3D ultrasound, achieve
the same benefits of magnetic resonance imaging (MRI) in being accurate and noninvasive, but also
offer the advantages of being office available, cost effective and providing immediate results.41
The ability to visualize both the uterine cavity and the fundal uterine contour on a 3D scan facilitates
the diagnosis of uterine anomalies and enables differentiation between septate and bicornuate uteri. The
additional use of color Doppler ultrasound may also allow visualization of intraseptal vascularity and
may help in distinguishing the avascular from the vascular septum.
Intravenous pyelogram is recommended during the work-up of congenital anomalies. Defects in the
urinary tract are commonly seen when a uterine anomaly is diagnosed.16

Hysterosalpingography
Hysterosalpingography (HSG) has long been used to evaluate the contour of the uterine cavity, cervical
canal, and fallopian tube.42 The radio-opaque contrast medium fills the cavity allowing the accurate
identification of filling defects, scarring, or a septum. However, HSG alone cannot differentiate between
a septate uterus and a bicornuate uterus. Furthermore, HSG cannot determine the myometrial extension
or the size of intra-uterine lesions. Therefore, HSG is primarily used to assess tubal patency and has a
limited role in the imaging of uterine malformations.

Three-Dimensional Ultrasound
Three-dimensional ultrasound is an accurate and reproducible means of diagnosing congenital uterine
anomalies41 (Figures 26.1 and 26.5); 3D ultrasound has a clear advantage over HSG, hysteroscopy and
laparoscopy for the diagnosis of congenital uterine anomalies, as it is a noninvasive method currently
available in most out-patient settings. The results of 3D ultrasound have been shown to concur with
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FIGURE 26.5 Three-dimensional (3D) transvaginal ultrasound of a septated uterus (3D rendering). (Courtesy of Prof.
Yaron Zalael MD, Sheba Medical Center, Tel-Hashomer, Israel.)

HSG in all cases of arcuate uterus and major congenital anomalies.8 It has been suggested that the ability to visualize both the uterine cavity and the myometrium on a 3D scan facilitates the diagnosis of
uterine anomalies and enable easy differentiation between subseptate and bicornuate uteri.
Salim et al.6 have examined the differences in the morphology of uterine anomalies found in 509
women with a history of unexplained recurrent miscarriage and 1976 low risk women that were
examined for the presence of congenital uterine anomalies by 3D ultrasound. Salim et al.6 detected
121 anomalies in the recurrent miscarriage group and 105 among low risk women. Surprisingly there
was no significant difference in relative frequency of various anomalies or the depth of fundal distortion between the two groups. However, with both arcuate and subseptate uteri, the length of the
remaining uterine cavity was significantly shorter and the distortion ratio was significantly higher
in the recurrent miscarriage group. Salim et al.6 therefore concluded that the distortion of uterine
anatomy is more severe in congenital uterine anomalies found in women with a history of recurrent
first trimester miscarriage.
Woelfer et al.14 tried to determine the reproductive outcomes in women with congenital uterine
anomalies detected incidentally by 3D ultrasound. One thousand and eighty-nine women with no history of infertility or recurrent miscarriage, undergoing a transvaginal ultrasound scan were screened
for uterine abnormalities. Nine hundred and eighty-three women had a normally shaped uterine cavity,
72 an arcuate, 29 a subseptate, and five a bicornuate uterus. Women with a subseptate uterus had a significantly higher proportion of first-trimester loss compared with women with a normal uterus. Women
with an arcuate uterus had a significantly greater proportion of second-trimester loss and preterm labor.
Woelfer et al.’s14 study demonstrated the potential value of 3D ultrasound and contributed evidence to
the proposed association between congenital uterine anomalies and adverse pregnancy outcomes.

Sonohysterography
The diagnostic value and usefulness of transvaginal sonohysterography (SHG) in the detection of uterine anomalies, compared with other diagnostic methods is now well established.43 SHG was able to
detect all uterine anomalies found in a study of 54 patients with primary or secondary infertility or
repeated spontaneous miscarriage and a clinically or sonographically suspected abnormal uterus. SHG
was carried out by the intrauterine infusion of an isotonic saline solution. The sensitivity and specificity of SHG were similar to hysteroscopy. However, there was no significant difference between the
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diagnostic capabilities of the methods analyzed. With the proper set-up and training, transvaginal SHG
with saline solution is a low-cost, easy, and helpful method of diagnosing uterine malformations.
It is now possible to combine 3D ultrasound with SHG. Sylvestre et al.44 carried out a study of 209
infertile patients suspected to have an intrauterine lesion on 3D SHG. Ninety-two patients with a lesion
underwent hysteroscopy. In these 92 patients, polyps were found in 48 women, submucous or intramural
myomas in 35 cases, both polyps and myomas in three cases, four mullerian anomalies, one thick endometrium, and one patient had intrauterine synechiae. It was concluded that 3D SHG allowed precise
recognition and localization of lesions. It was further suggested that if 2D and 3D SHG are normal,
invasive diagnostic procedures such as hysteroscopy could be avoided.
Alborzi et al.45 performed a prospective study to determine whether SHG can differentiate septate
from bicornuate uterus, in 20 patients with a history of recurrent pregnancy loss and an HSG diagnosis
of septate or bicornuate uterus. SHG was found to effectively differentiate septate and bicornuate uterus
and may eliminate the need for laparoscopy in order to differentiate between these anomalies.
The diagnostic accuracy of SHG has been evaluated prospectively and compared to HSG and TVS
in a study comprising of 65 infertile women.46 Hysteroscopy was used as the gold standard. SHG was
found to have the same diagnostic accuracy, and to sometimes even be markedly superior to hysteroscopy with respect to polypoid lesions and endometrial hyperplasia. In the diagnosis of intrauterine
adhesions, SHG had limited accuracy, similar to that obtained by HSG, with a high false-positive diagnosis rate.46

Magnetic Resonance Imaging
MRI is an accurate noninvasive technique for the evaluation of uterine anomalies. MRI has been shown
to be a valuable tool in the diagnosis of selected cases of Mullerian duct anomalies.47 Although most
anomalies will be initially diagnosed at HSG and SHG, further imaging will often be required for
definitive diagnosis and elaboration of secondary findings.48 At this time, MRI is justified only in special cases where its high accuracy and detailed elaboration of uterovaginal anatomy is needed.
The use of MRI remains limited due to its cost. However, in selected cases careful use of MRI to
delineate the pelvic soft tissues may greatly aid in precise definition of the anomaly and in planning the
most appropriate corrective surgery.49

Diagnostic Hysteroscopy
Hysteroscopy offers the best and the most direct assessment of the uterine cavity. During the procedure,
intracavitary structures can be directly visualized and directed biopsies can be obtained when indicated. A retrospective study by Zuppi et al.50 found an association between the hysteroscopic findings
in 344 women with recurrent spontaneous abortion and major, or even minor, uterine anomalies. The
anomalies were shown to correlate with an increased risk of recurrent miscarriage.50
Weiss et al.51 performed hysteroscopy on 165 women referred for recurrent pregnancy loss: 67 after
two and 98 after three or more consecutive miscarriages. The prevalence of uterine anomalies did not
differ significantly and was 32% and 28%, respectively. Weiss et al.51 concluded that hysteroscopy may
be justified following two spontaneous pregnancy losses.
The intramyometrial extension of fibroids cannot be assessed, however, and therefore the estimate of
size remains imprecise. Hysteroscopy alone cannot differentiate between a septate uterus and a bicornuate uterus; laparoscopy or SHG is required to complete the evaluation.

Diagnostic Laparoscopy
Laparoscopy allows the surgeon to assess the outer surface of the uterus and other pelvic structures. It
is used to establish the precise diagnosis of the various congenital and acquired anomalies. Laparoscopy
is also used for the removal of subserosal and intramural fibroids.52,53 Currently, laparoscopy is rarely
used just to clarify uterine anatomy and is generally reserved for women in whom interventional therapy
is likely to be undertaken.
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Choice of Method for Imaging Uterine Morphology
Ultrasonography is currently the most readily available and least invasive mode of imaging in cases
of suspected uterine abnormalities (Table 26.2); 2D sonography allows excellent assessment of
myometrial morphology, and is especially useful for determining the number, size, and location of
myomas. Filling the uterine cavity with fluid facilitates the use of SHG for accurate delineation of
intrauterine polyps, and improves the accuracy of identifying submucous myomas encroaching on the
cavity and to assess the size of uterine septa. Three-dimensional sonography greatly enhances our
ability to differentiate between a uterine septum and a bicornuate uterus (Figures 26.2 through 26.5).
Hysterosalpingography can help delineate the integrity of the uterine cavity, but due to its invasive
nature and the associated exposure to radiation, is limited to infertility investigation where evaluation
of tubal patency is required.
Hysteroscopy can be performed today with 2–3 mm scopes without the need for speculum, tenaculum, or anesthesia.54 This simple outpatient procedure provides an accurate assessment of the uterine
cavity. It remains the method of choice for assessment of the presence and extent of intrauterine adhesions. It is also the optimal method to evaluate the size and extension of polyps and submucous myomas.
However, hysteroscopy cannot fully differentiate between a uterine septum and a bicornuate uterus. A
recent study found that patients with two, three, and four or more consecutive miscarriages have a similar prevalence of uterine anatomical abnormalities. It was thus concluded that diagnostic hysteroscopy
should be carried out after two miscarriages.55
The role of MRI is limited due to its cost. However, in selected and complicated cases MRI may
help to clarify the details of soft tissue anatomy and may be especially useful when planning surgical correction.47 Laparoscopy used to be the gold standard for differentiating between a uterine
TABLE 26.2
Imaging Modalities for Assessing Uterine Anomalies in Women with Recurrent Pregnancy Loss
Imaging Modalities
Ultrasonography

Hysterosalpingography

3D sonography

Sonohysterography

Advantages
Readily available
Least invasive
Excellent assessment of the myometrial
morphology
Shows the contour of the uterine cavity,
cervical canal, and tubal lamina

Allows visualizion of both uterine cavity
and myometrium
Enables easy differentiation between
subseptate and bicornuate uteri
Good evaluation of uterine cavity
Tubal patency assessed

Diagnostic
Hysteroscopy

Most accurate assessment of the uterine
cavity
Simple outpatient procedure

Magnetic resonance
imaging
Diagnostic
Laparoscopy

Useful in clarifying details of soft tissue
anatomy
Accurate for differentiating between a
uterine septum and a bicornuate uterus

Disadvantages

Cost

Poor demonstration of uterine
contour
Uterine cavity not clearly
demonstrated
Exposure to radiation
Iodine sensitivity risk
Painful
Pelvic inflammatory disease
(PID) risk
High false positive rates
Equipment not readily available
Requires experienced operator

Low

Time consuming
High false-positive diagnosis rate
for intrauterine adhesions
Limited efficiency of
differentiating between uterine
septum and bicornuate uterus
No information on tubal patency
Invasive
Risk of infection, perforation
No information on tubal patency
Not easy to interpret results
Invasive
Requires general anesthesia
Low postoperative morbidity

Low

Moderate

Moderate

Moderate

High
High
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septum and a bicornuate uterus, but with modern imaging modalities, it is rarely needed for determination of uterine anatomy and is usually only used when a decision has been made to attempt
surgical correction.

Treatment
As stated above, little evidence can be found in the current literature demonstrating that uterine factors,
including intrauterine adhesions, septa, myomas and endometrial polyps, are causally linked with reproductive loss. However, there are reports suggesting that treatment of these abnormalities may improve
the fertility outcome.56,57 The published evidence includes several observational series that demonstrate
successful fertility, with term pregnancy rates ranging from 32% to 87% following hysteroscopic division of intrauterine adhesions. The evidence supporting a direct link between a septate uterus and reproductive loss is derived from the results of metroplasty. Several case series have demonstrated a reduction
in the spontaneous abortion rate, from 91% to 17%, after hysteroscopic metroplasty. Furthermore, following metroplasty, the mean pregnancy rate in previously infertile patients is 47%. However, there are
no prospective controlled trials that have provided conclusive evidence that the correction of uterine
anatomic abnormalities benefits the next pregnancy.57 Furthermore, the above data is mostly based on
observational, retrospective studies with small sample sizes and heterogeneous patient populations, and
is therefore a far cry from the type of evidence required for current treatment guidelines. A review of
all published large randomized controlled trials and metaanalyses undertaken by the ESHRE Special
Interest Group for Early Pregnancy (SIGEP) protocol for the investigation and medical management of
recurrent miscarriage concluded that the only interventions that do not require more randomized controlled trials are tender loving care and health advice.58
Surgery is the main course of treatment offered to patients with uterine anomalies (Table 26.3).
However, not all anatomic defects can be surgically corrected and not all anomalies require surgical
intervention. The most crucial step before making any treatment decision is accurate imaging in order
to determine the exact anomaly. Currently endoscopic procedures are the main approach used to correct
most uterine defects. Operative hysteroscopy currently allows a technically straightforward method of
correcting intrauterine pathology such as septum, fibroids or polyps. Laparotomy currently has a very
limited role in the management of congenital uterine anomalies in women with recurrent miscarriage.
There are many questions regarding the optimal management of patients with recurrent miscarriage
and uterine anomalies such as the indications for resection of a uterine septum, and whether small
intrauterine polyps significantly influence reproductive performance. It is debatable whether surgical
reconstruction such as Strassman’s metroplasty should be performed for bicornuate uterus. When should
myomectomy be performed? What is the role of nonsurgical management of myomas? When should cervical cerclage be offered? We will try to discuss these questions in the light of currently available data.
TABLE 26.3
Role of Surgical Intervention in Women with Uterine Anomalies and Recurrent Pregnancy Loss
Study
Hysteroscopic polypecomy
Hysteroscopic adhesiolysis
Hysteroscopic myomectomy
Hysteroscopic metroplasty for septate uterus
Hysteroscopic metroplasty for hypoplastic/diethystilbestrol
(DES)-exposed uterus
Abdominal metroplasty
Cervical cerclage
Interruption of a fallopian tube with hydrosalpinx
Low: +; high +++.

Postoperative
Morbidity

Technical
Difficulty

Likelihood
of Benefit

+
+
+—++
+
+

+
+—++
++—+++
+
++

++
+++
++
++
+

+
+
+—++
+—++
++

+++
++
++

+++
++
++

++
+
++?

+++
++
++

Cost
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Should Intrauterine Polyps Be Excised?
Although the association between endometrial polyps and pregnancy loss has not been proven, polyps
are more common in patients with recurrent spontaneous abortion.59 Surgical excision is usually recommended,2 as there is data suggesting that hysteroscopic polypectomy can increase fertility.34,36 A
prospective, randomized study in 215 infertile women scheduled to undergo intrauterine insemination
(IUI) showed that hysteroscopic polypectomy improved the likelihood of conception, with a relative
risk of 2.1 (95% confidence interval [CI] 1.5–2.9).36 Pregnancies in the patients who underwent polypectomy were obtained before the first IUI in 65% of cases. A subsequent study from Athens also proposed
that hysteroscopic polypectomy of any size may improve fertility in women with otherwise unexplained
infertility.60 Hence, a Cochrane database systematic review suggested that hysteroscopic polypectomy
after ultrasound detection in women prior to IUI might increase the clinical pregnancy rate.57
Hysteroscopy resection is probavly the optimal method of performing polypectomy. Hysteroscopic
polypectomy can be performed by excision with forceps or gentle curettage. A study that assessed 240
cases of hysteroscopic polypectomy concluded that resectoscopic polypectomy required more operating time, had more glycine absorption and complications, but had a lower recurrence rate than other
hysteroscopic techniques.61 The resectoscope had a 0% recurrence rate and that grasping forceps had a
15% recurrence rate.61 The introduction of bipolar electrodes may increase the safety of hysteroscopic
endometrial polypectomy in an outpatient setting.62

Does the Resection of a Uterine Septum Improve Pregnancy Outcome?
Septate uterus is more prevalent in women with repeated pregnancy loss.63 However, it may be difficult
to differentiate between a “normal” arcuate uterus and a septate uterus (Figures 26.6 and 26.7). In order
to justify metroplasty, reliable diagnosis is required.
Although no randomized controlled studies are available, observational studies have reported impressive results following incision of a septum in patients with recurrent abortion.57 Fedele et al.64 studied
the reproductive outcome in 102 patients with a complete (n = 23) or partial septate uterus (n = 79) and
infertility or recurrent miscarriage. Following hysteroscopic metroplasty the cumulative pregnancy and
birth rates at 36 months were 89% and 75%, respectively, in the septate uterus group and 80% and
67% in the subseptate uterus group. Fedele et al.64 concluded that after hysteroscopic metroplasty the
reproductive prognosis was favorable and not influenced by the malformation subclass. Dalal et al.65

FIGURE 26.6 Two-dimensional (2D) transvaginal ultrasound of a septated uterus. (Courtesy of Prof. Yaron Zalael MD,
Sheba Medical Center, Tel-Hashomer, Israel.)
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FIGURE 26.7 Two and three-dimensional (2D and 3D) transvaginal ultrasound of a septated uterus of the same patient
in Figure 26.6 (using volume contrast imaging in plane C [VCIC]). (Courtesy of Prof. Yaron Zalael MD, Sheba Medical
Center, Tel-Hashomer, Israel.)

reported on 72 women with unexplained primary infertility who underwent hysteroscopic septal resection. Thirty-three women (45.8%) conceived within one year of surgery. Only four women (12%) had
spontaneous abortions and five (15%) had preterm delivery.
A recent Cochrane systemic review assessed the efficiency of metroplasty versus expectant management for women with recurrent miscarriage and a septate uterus.63 The authors note that only noncontrolled studies were available for assessment. Metroplasty was found to have a possible positive effect
on pregnancy outcomes. However, these noncontrolled studies were all biased as the participants with
recurrent miscarriage treated by hysteroscopic metroplasty served as their own controls. The effectiveness and possible complications of hysteroscopic metroplasty have never been evaluatd in a randomised
controlled trial. Such studies are urgently needed.63
Grimbizis et al.66 summarized the results of a highly selected group of symptomatic patients drawn
from a large number of reports. The patients had previously had a term delivery and live birth rates of
only 5%. After hysteroscopic septum resection, the outcome was remarkable, in that the subsequent
term delivery rate was approximately 75% and the live birth rates about 85%.66 However, Grimbizis
et al.’s trial66 was not randomized.
Transabdominal surgical techniques, such as the modified Tompkins metroplasty, are still occasionally used to repair uterine septa.67 However, in light of the low morbidity associated with hysteroscopic
resection and the possibility of performing the procedure on an ambulatory basis, abdominal surgery
seems to be rarely, if ever, indicated.56 However, hysteroscopic metroplasty is associated with a substantial and as yet non quantified, increased risk of uterine rupture during subsequent pregnancies.68 This
is especially significant when the risk of uterine rupture after hysteroscopic metroplasty is compared to
that of women undergoing uncomplicated hysteroscopic resection of submucous myomas or endometrial
polyps.68 Uterine perforation and/or the use of electrosurgery increase this risk, but are not considered
independent risk factors.68
Pang et al.69 have suggested that a septate uterus per se is not an indication for surgical intervention,
because it is not always associated with a poor obstetric outcome. This approach is supported by a retrospective study of 67 patients who had a complete septate uterus including the cervix and a longitudinal
vaginal septum.70 There was no association with primary infertility and pregnancy was reported to progress successfully without surgical treatment. The results did not support elective hysteroscopic incision
of the septum in asymptomatic patients before the first pregnancy.70 In women with one miscarriage, the
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situation remains controversial, and a conservative approach has been suggested since it is expected that
after a single miscarriage 80–90% will have a live birth in the next pregnancy.63 However, a more liberalized approach to treatment is currently advocated by most authorities in light of the simplicity, minimal
postoperative sequelae, and improved reproductive outcome associated with hysteroscopic metroplasty.63,66
A recent study pointed out that hysteroscopic septotomy seems to significantly improve pregnancy outcomes in women with a history of recurrent spontaneous abortion, while no conclusive influence on reproductive outcomes was demonstrated in women with no history of poor pregnancy outcomes.69

Should the Cervical Portion of the Septum Be Spared in Patients
with a Complete Septate Uterus?
It was previously believed that patients with a complete septate uterus, the cervical portion of the septum, should be spared and the dissection started at the level of the internal os to avoid secondary cervical incompetence. However, a multicenter, randomized, controlled clinical trial by Parsanezhad et al.71
examined whether division of the cervical portion of a uterine septum is associated with intraoperative
bleeding, cervical incompetence, or secondary infertility. Twenty-eight women with complete uterine
septum and a history of pregnancy wastage or infertility were randomized to undergo metroplasty
including division of the cervical portion of the septum or the same procedure with preservation of the
cervical portion. Resection of the cervical portion was reported to make the procedure safer, easier, and
less complicated than preservation of the cervical septum.71

Management of Myomas in Recurrent Pregnancy loss
Myomas are frequently found in women of reproductive age, and are more prevalent in women over
35 years of age. Although myomas are more prevalent in women with recurrent spontaneous abortion,59
the causal association remains poorly established. It is therefore still undetermined which women will
benefit most from myomectomy. Evidence, mostly from IVF literature, suggests that only those myomas that distort the endometrial cavity impair fertility.33,72 Patients with distorted uterine cavities due to
submucous fibroids of more than 2 cm have higher pregnancy rates following hysteroscopic resection.
As submucous myomas are easily treatable in recurrent pregnancy loss, it has been suggested that these
patients should be identified early after other potential causes of recurrent pregnancy loss are eliminated.33
The location and size of the myomas are the two parameters that influence the success of a future
pregnancy.72 At present, it seems that subserosal myomas have little, if any, effect on reproductive outcome, especially if they are up to 5 to 7 cm in diameter. The impact of intramural myomas on the
outcome of pregnancy is still disputed.73,74 However, intramural myomas that do not encroach upon the
endometrium also can be considered to be relatively harmless to reproduction, if they are smaller than
4 to 5 cm in diameter. Myomectomy is therefore currently recommended for intramural myomas that
compress the uterine cavity and submucous myomas significantly reduce pregnancy rates.33,73
Hysteroscopic myomectomy is the gold standard for the treatment of submucous myomas. Size and
intramural extension can limit the success, although this greatly depends on the operator’s experience.
The removal of larger fibroids may require a two-stage procedure in order to avoid intraoperative complications. Fibroids with significant intramural extension present a challenge during the procedure.
Conservative myomectomy is the gold standard for the removal of most intramural and subserosal
uterine myomas in women who desire to preserve their uterus, and laparoscopic excission is gradually
replacing laparotomy as the procedure of choice.52 Pregnancy rates following myomectomy, are in the
50–60% range, with most having good outcomes.53 It should be noted that spontaneous uterine rupture
during pregnancy has been reported following laparoscopic myomectomy.75
Laparoscopic-assisted myomectomy (LAM) is another new approach that is often a very convenient
and less invasive form of surgery.76 By decreasing the technical demands, and thereby the operative
time, LAM may be more widely offered to patients. In carefully selected patients, LAM is a safe and
efficient alternative to both laparoscopic myomectomy and myomectomy by laparotomy. Indications
include numerous large or deep intramural myomas. LAM allows easier repair of the uterus and rapid
morcellation of the myomas. In women who desire a future pregnancy, LAM may be a better approach
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because it allows meticulous suturing of the uterine wall in layers and thereby eliminates excessive
electrocoagulation.76
Laparoscopy is also being expanded to include such techniques as laparoscopic uterine artery ligation
and directed laparoscopic cryomyolysis. However, many of these treatment options are still associated
with significant concerns regarding future reproductive performance. Additional nonsurgical techniques
introduced to treat myomas include uterine artery embolization and transabdominal interventional MRI
cryoablation.52 Furthermore, MRI guided focused ultrasound surgery has been approved by the U.S.
FDA to treat myomas. It is apparent the physician’s skills and experience, as well as local availability of
these new techniques, will largely determine patient assignment to therapy.52
Uterine fibroid embolization is an increasingly popular, minimally invasive technique that has been
successfully used in the management of symptomatic myomas.53,77 This procedure is not without risk
however, for women desiring to enhance their reproductive outcome. Following uterine fibroid embolization, transient ovarian failure has been reported, as has permanent amenorrhea associated with endometrial atrophy. Amenorrhea seems to occur after the procedure in approximately 1% of the patients
and is highly age dependent with a reported incidence of 3% (range: 1% to 7%) in women under 40 years
of age and 41% (range: 26% to 58%) in women over 50.
The pregnancy rate has not been established following uterine artery embolization. However, higher
rates of pregnancy complications have been reported following uterine artery embolization compared to
myomectomy.53 These complications include: preterm delivery (odds ratio [OR] 6.2, 95% CI 1.4–27.7),
malpresentations (OR 4.3, 95% CI 1.0–20.5), spontaneous abortion, abnormal placentation, and postpartum hemorrhage.
A recent prospective cohort study the followed 66 women who desired a future pregnancy and were
treated with uterine artery embolization for symptomatic fibroids has resulted in an alarming observation.77 Although uterine artery embolization was effective in improving bleeding, bulking and pain
symptoms, and in sparing the ovarian reserve, no woman in this study delivered successfully after uterine artery embolization.77 These poor reproductive outcomes could be explained in part by the high rate
of associated infertility in the study population and the high prevalence of previous surgery. However,
neither preexisting infertility, nor previous surgery sufficiently account for the total absence of ongoing
pregnancy. Torre et al.77 suggest that embolization might have a negative impact on fertility, which may
not be related to ovarian function. The poor reproductive outcomes indicate that uterine artery embolization should not be performed routinely in young women of childbearing age with extensive fibroids.77
At present, it seems that although most pregnancies following uterine artery embolization are expected
to have good outcomes, myomectomy should still be recommended as the treatment of choice over uterine artery embolization in most patients desiring future fertility.53,77

Is Cervical Cerclage Indicated in Women with Uterine Anomalies?
Cervical incompetence has been associated with uterine anomalies, as well as following in utero exposure to DES. Furthermore, cervical incompetence is of special concern in women with recurrent pregnancy losses as weakening of the cervix may occasionally be due to repeated trauma to the cervix,
following excessive dilatation at repeated curettage.
Seidman et al.78 have studied the effect of cervical cerclage on the survival rate of the fetus in 86
pregnancies in women with congenital uterine anomalies and a random group of 106 pregnancies in
women with normal shaped uteri. The uterine morphology was determined by HSG, and if necessary,
by additional hysteroscopy and laparoscopy. The incidence of cervical incompetence diagnosed by HSG
(23%) was similar in both groups.78 Sixty-seven and 29 pregnancies were managed with cervical cerclage in each group, respectively. The fetal outcome was stratified by cervical incompetence and obstetric history. The proportion of viable live births was significantly higher in women with malformed uteri
who underwent cerclage (88%) compared to those without cerclage (47%). No statistically significant
beneficial effect of cerclage was found for normal uteri, even when only those patients with a history of
recurrent fetal loss were considered.78
The precise indications for cervical cerclage remain controversial. The Cervical Incompetence
Prevention Randomized Cerclage Trial (CIPRACT) found that therapeutic cerclage with bed rest
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reduces preterm delivery before 34 weeks of gestation and compound neonatal morbidity in women
with risk factors and/or symptoms of cervical incompetence and a cervical length of <25 mm before 27
weeks of gestation.79 Risk factors for cervical incompetence included in this included, DES exposure
and uterine anomaly.
Levine and Berkowitz80 studied the effect of conservative management on pregnancy outcome in 120
DES-exposed women with and without gross structural lesions of the genital tract. Cerclage was limited
to two women with a history of cervical incompetence or acute cervical change in the second trimester.
Women with cervical change occurring after 25 weeks’ gestation were managed with bed rest. It was
found that the majority of pregnancy losses in DES-exposed patients occurred in the first trimester.
Patients exposed in utero to DES, who had conservative management, had good pregnancy outcomes.80
Cervical incompetence is a challenging clinical diagnosis and is an infrequent cause of pregnancy
loss even in patients with gross structural abnormalities of the genital tract. Prophylactic cerclage for
patients with uterine anomalies and DES-exposure should be recommended only when other risk factors, such as three or more midtrimester pregnancy losses or preterm deliveries, are present.78,80

Does Strassman Metroplasty Still Have a Role in Patients with a Bicornuate Uterus?
The Strassman procedure involves the unification of the two uterine horns of a bicornuate uterus and
is carried out via laparotomy. This procedure often leaves a small cavity with scarring, which makes
implantation difficult, and may also cause pelvic adhesions resulting in secondary infertility. However,
the postmetroplasty reproductive capacity of women with a bicornuate uterus has been reported to be
good.81,82 Furthermore, the role of abdominal metroplasty has been suggested as a valid approach82
(using Jones’ or Strassman’s techniques) in patients with bicornuate, T-shaped or septate uteri, when
associated with other pelvic lesions not amenable to transcervical hysteroscopic surgery. However, surgical correction of a bicornuate uterus is poorly supported by data and rarely seems to be warranted for
pregnancy maintenance. As a bicornuate uterus is usually associated with third trimester complications,
the procedure should be limited to very few well-selected cases with recurrent second- and third-trimester complications. The development of a laparoscopic approach to metroplasty for bicornuate uterus
needs further study, as laparoscopy may be associated with less postoperative morbidity.

Does Hydrosalpinx Affect Pregnancy Outcome after Early Recurrent Miscarriage?
Hydrosalpinx is known to have a detrimental effect on the outcome of IVF. A Cochrane systematic
review identified five randomized controlled trials involving 646 women.83 Four studies assessed salpingectomy versus no treatment, two of which also included a tubal occlusion arm. One trial assessed
aspiration versus no treatment. No trials reported on the primary outcome: live birth. The odds of
ongoing pregnancy (Peto OR 2.14, 95% CI 1.23 to 3.73) and of clinical pregnancy (Peto OR 2.31,
95% CI 1.48 to 3.62) were increased with laparoscopic salpingectomy for hydrosalpinges prior to IVF.
Comparison of tubal occlusion to salpingectomy did not show a significant advantage of either surgical
procedure in terms of ongoing pregnancy or clinical pregnancy. The authors concluded that surgical
treatment should be considered for all women with hydrosalpinges prior to IVF. The updated review
provides evidence that laparoscopic tubal occlusion is an alternative to laparoscopic salpingectomy in
improving IVF pregnancy rates in women with hydrosalpinges. It still remains unclear whether aspiration of hydrosalpinges prior to, or during IVF is warranted and whether tubal restorative surgery should
still be considered as an alternative to IVF.83
A prospective randomized controlled trial84 enrolled 13 patients with a history of unexplained recurrent early spontaneous abortion and a unilateral hydrosalpinx diagnosed by sonography or HSG and in
whom other causes of miscarriage had been excluded. The patients were randomized to undergo laparoscopic unilateral tubal fulguration or no surgical intervention. Six of the seven patients in the treatment
group and five of the six in the control group conceived. Five patients in the treatment group and none
in the control group had a pregnancy progress beyond the first trimester. The progressing pregnancies in
the treatment group reached 36–40 weeks of gestation, a statistically significant difference. The authors
concluded that laparoscopic tubal fulguration improves pregnancy outcome in selected patients with
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previous recurrent early miscarriage and a unilateral hydrosalpinx. This study clearly needs further
confirmation in a larger patient sample.84

Is Hysteroscopic Metroplasty Indicated in DES Exposed Women?
Hysteroscopic metroplasty has been reported as a safe and feasible method to improve the reproductive performance in patients with DES-exposed and hypoplastic malformed uteri suffering from severe
infertility, recurrent pregnancy loss, or implantation failures.85−87 In one series,85 eight patients with
infertility, recurrent pregnancy loss, or both, and an abnormal uterine contour at HSG underwent hysteroscopic metroplasty. Each patient served as their own control. Three of five patients with secondary
infertility and recurrent pregnancy losses had live births as did a patient with secondary infertility.85
In a larger study,86 with a similar design 24 patients with hypoplastic uterus and/or uterine deformity,
at HSG underwent hysteroscopic metroplasty. Postoperative HSG showed an improved uterine cavity
in 23 of the 24 cases. The final result was considered to be excellent in terms of anatomical correction
in fifteen patients. Eleven pregnancies occurred, the abortion rate decreased from 88% in previous
pregnancies to 12.5%, and the incidence of term deliveries increased from 3% to 87.5%.86 Ten patients
delivered healthy infants after 30 weeks’ gestation and one patient delivered more prematurely. Six
deliveries were normal and four required Cesarean section.86
Uteri affected by DES exposure are no longer prevalent, yet T-shaped uteri seem to be often diagnosed in patients with recurrent spontaneous abortion and their surgical correction remains controversial.88 A recent study reported that among 97 women with a T-shaped uterus almost half (49.5%)
became pregnant after metroplasty.89 The overall live birth rate per pregnancy before surgery was 0%;
for these patients, it increased to 73%, and their miscarriage rate fell from 78 to 27%. It was suggested
the hysteroscopic metroplasty may improve the live birth rate for women with a T-shaped uterus and a
history of primary infertility, recurrent abortion or preterm delivery.89 Another study reporting on the
results of hysteroscopic metroplasty in patients with recurrent spontaneous abortion concluded that term
delivery rates were about 10-fold higher after surgery.88 Moreover, T-shaped uterus surgery yielded the
best term delivery rate.88
At present, it seems that hysteroscopic metroplasty, with its simplicity and minimal post-operative
sequelae, seems to be the operation of choice in women with a hypoplastic malformed uterus and a history of severe infertility and/or recurrent pregnancy loss.87,88 However, the previously quoted series used
historical controls. Larger series with a better study design are necessary before hysteroscopic metroplasty can be recommended for all women with DES-exposed, T-shaped, or hypoplastic malformed
uterus and recurrent miscarriage.

Conclusions
The prevalence and impact of uterine malformations on reproduction are still not clearly established in
spite of the wide use of modern imaging modalites.13 Consequently, the investigation of women with
recurrent abortion should be limited in most cases to screening with ultrasonography, preferably utilizing 3D techniques and in selected cases benefiting from the application of hydrosonography (Table
26.2).41 More invasive and expensive imaging modalities, including hysteroscopy, laparoscopy and MRI,
should be reserved for inconclusive cases with a suspected uterine deformity.
Surgical intervention for uterine malformations remains poorly supported by randomized controlled
trials (Table 26.3). It is generally agreed that adhesions, polyps, and protruding submucous myomas
should be hysteroscopically resected. However, the need for hysteroscopic division of a uterine septum remains debatable, although it may be indicated in a patient with two or more pregnancy losses,
as its associated morbidity is low. Abdominal metroplasty for the bicornuate uteri is even more difficult to support in light of its significant associated morbidity and lack of controlled data. Abdominal
metroplasty is currently recommended only in selected cases with recurrent severe problems in the
second and third-trimesters. Cervical cerclage is only indicated in women with uterine anomalies in
the presence of a clinical diagnosis of cervical incompetence or additional risk factors. In women with
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hydrosalpinges and early recurrent abortion, laparoscopic salpingectomy or proximal tubal occlusion
should be considered.
Miscarriages seem to be the inevitable by-product of the mechanism of human reproduction and do
not always point to the presence of a correctable defect. Thus, surgical intervention should be carefully
considered and based on the patient’s clinical history, and not merely be an attempt to correct all anatomical uterine defects now more commonly diagnosed by modern imaging modalities.
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Introduction
Initially, recurrent spontaneous abortions (RSA) were considered to be due to either chromosomal
aberrations of the fetus that are incompatible with its development or to maternal causes such as
uterine anatomical abnormalities, hormonal or metabolic disturbances, hereditary thrombophilias,
and infectious agents. When all the above causes of miscarriages were excluded, the miscarriages
were characterized as “unexplained miscarriages.” During the last 25 years, it has become clear that
a large percentage of unexplained RSA may be due to immunological causes.1 About 50% of preclinically lost embryos and 95% of those clinically lost in women with RSA have a normal karyotype
and most of these losses may be of immune etiology.2 Immune-mediated abortions are characterized
by either autoimmune or alloimmune disturbances.3 In autoimmune abortions, the development of
the placenta and the embryo is affected by maternal autoantibodies and autoreactive cells, which
target decidual and trophoblastic molecules. In alloimmune abortions, the maternal immune system
reacts against the embryo and damages the trophoblast through allogeneic, rejection-type reactions.
Clinically, the two categories of auto- and alloimmune-mediated abortions cannot be distinguished as
both of them represent a broad immunological imbalance that leads to pregnancy loss.4 However, the
classification helps to better understand underlying mechanisms, to identify candidates for immune
testing, and select immunological treatment.

Autoimmune Abortions
Maternal autoimmune disturbances may be the cause of a high percentage of hitherto-unexplained
miscarriages. Approximately 30% of women with “unexplained” RSA have increased serum levels of
autoantibodies, with antiphospholipid antibodies (aPL) predominating.5

Autoimmune Abortions Associated with Antiphospholipid Antibodies
The pathogenic antiphospholipid antibodies (aPL) are those that target the first domain (epitope comprising Gly40 and Arg43) of β2-GPI, the main protein which binds PLs. Kuwana et al.6 were able to detect
β2-GPI-specific CD4(+) and human leukocyte antigen (HLA) class II restricted autoreactive T-cells,
which preferentially recognize the antigenic peptide containing the major phospholipid-binding site
and have the capacity to stimulate B-cells to produce pathogenic anti-β2-GPI antibodies. Interestingly,
epitopes of some bacteria (Haemophilus influenzae, Neisseria gonorrhoeae, Helicobacter pylori or
tetanus toxoid) have homology with β2-GPI, and can induce pathogenic anti-β2GPI antibodies along
with APS manifestations, including pregnancy loss.7 Similar mechanisms of molecular mimicry may
involve various viruses (HIV-1, hepatitis A, B, C viruses). However, most of the antibodies induced
by viral infections are not pathogenic, as they are not β2-GPI-dependent but recognize phospholipids
directly.8
Because of the different methods by which they are induced, aPL are a heterogeneous group of autoantibodies.9 aPL that bind to PL, present in unique hexagonal phases either alone or complexed with
prothrombin or β2-GPI, prolong PL-dependent clotting assays and are known as Lupus anticoagulants
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(LAC). The subgroup of aPL that bind to PL/protein complexes and may or may not prolong PL-dependent
clotting assays includes antibodies against cardiolipin (aCL), phosphatidylethanolamine (aPE), phosphatidylserine (aPS), phosphatidyl-choline (aPC), phosphatidylglycerol (aPG), phosphatidylinositol (aPI),
and phosphatidic acid (aPA).
Today, it is clear that inflammation, inhibition of trophoblast functions, and shift to Th1-type response,
are responsible for fetal loss10,11 and probably the basis for the subsequent placental thrombosis and
vasoconstriction. Complement activation by aPL leads to the generation of C5a anaphylatoxin, which
can induce thrombosis and inflammation-mediated placental tissue damage. By interacting with its
receptor (C5aR) on various cells, C5α induces expression of TF on endothelial cells, neutrophils and
monocytes, and a prothrombotic phenotype in mast cells.12 Moreover, cells activated by C5α release
inflammatory mediators, including reactive oxidants, proteolytic enzymes, cytokines, chemokines and
complement factors, which lead to oxidative damage and trophoblast injury. Cytokines, such as tumor
necrosis factor-α (TNFα) and interleukin-6 (IL-6) may be responsible for placental thromboses,13 while
membrane attack complex (MAC) triggers endothelial cell and platelet activation, and causes lysis of
placental cells.14,15 Depending on the extent of damage, either death in utero or fetal growth restriction
ensues. In addition, some aPL directly target trophoblastic cells, and may affect pregnancy by inhibiting normal PL functions related to trophoblastic cell division, intertrophoblastic fusion, hormonal
secretion, and trophoblast invasion.16 Antibodies against phosphatidylethanolamine (aPE) may affect
implantation and cell division during embryogenesis.17 Antibodies against phosphatidylserin (aPS) may
inhibit syncytialization by blocking PS, which normally acts as an adhesion molecule for the fusion of
cytotrophoblast cells,18 and reduce the secretion of human chorionic gonadotrophin (hCG), possibly by
inhibiting signal transduction of factors inducing its production.19 Finally, anti-β2GPI antibodies may
reduce gonadotropin release, hormone dependent hCG mRNA expression, and protein synthesis.20,21
Effect on cytokine production—shift to Th1-type response: aPL may cause abortion by altering the production of cytokines. Decreased levels of immunotrophic placental cytokines (IL-3 and
granulocyte-macrophage colony-stimulating factor [GM-CSF]) have been found in mice with experimental APS.22 Moreover, the inflammatory reactions against PLs modified by oxidative events may promote a Th1-type immune response at the fetomaternal interface, which do not favor pregnancy. Buttari
et al.23 have shown that in vitro oxidized β2-GPI interacts with dendritic cells (DC) and stimulates them
to secrete cytokines that support T-cell responses (IL-12, IL-1β, IL-6, IL-8, tumor necrosis factor α
(TNF-α, and IL-10). Among these, IL-12, a proinflammatory cytokine that forms a link between innate
and adaptive immunity, induces the production of interferon γ (IFN-γ), and favors differentiation of Th1
cells. Th1 profile of β2-GPI autoreactive CD4+ T cells has been determined in the peripheral blood of
patients with APS and histories of thromboses or fetal loss.24
Clarification of the immunological mechanisms of action of aPL have resulted in novel forms of
treatment for the prevention of aPL-associated abortions. Immunomodulation and neutralization of aPL
intravenous administration of immunoglobulin G (IVIg) is one such teatment, and recently treatment
with statins (HMG-CoA reductase inhibitors) has been suggested for the modulation of inflammatory
reaction caused by aPL.

Autoimmune Abortions not Associated with aPL
Finally, a genetic background may predispose to fetal loss in women with autoimmune-mediated abortions. Beer et al.25 have reported an increase of the HLA-DQA1*0501 allele (now classified as 05:05) in
women with recurrent pregnancy losses who are aPL positive. They have suggested that fetuses compatible with their mothers for this allele, are autoimmune unacceptable to the mother and they trigger her to
develop aPL when the pregnancy fails and to be most prone to miscarriage in subsequent pregnancies.26
However, the author could not confirm these findings.27

Alloimmune Abortions
The observations that, in some cases of abortion, the embryo is infiltrated by lymphocytes and the
lesions found to the placenta resemble the allogeneic reactions found in transplanted grafts indicate
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that in these cases the embryo is “rejected” by the mother.28 To assess the mechanisms leading to such
miscarriages, it is necessary to know the nature of the immune response in normal pregnancy, since it
is the disturbances in normal pregnancy immunological mechanisms that result in allogeneic antifetal
reactions.

Immune Response in Normal Pregnancy
The conseptus is a semiallogeneic graft, as it has genetic and antigenic contributions from both the
mother and the father. Although fetal alloantigens encoded by genes inherited from the father should
provoke a maternal response and lead to fetal loss. Normally this does not happen. This immunological
paradox of pregnancy is considered to be the result of a particular immune response of the pregnant
woman, and for more than 50 years it has been a challenge for reproductive immunologists to attempt
to elucidate the underlying immunological mechanisms.

Facilitation Reaction
The first reliable explanation for fetal tolerance suggested that in allogeneic reactions such as transplantation and pregnancy, the immune response is bipolar, which can be either harmful or favorable to the
target cells expressing alloantigens. The harmful effect (rejection reaction observed in transplantation) is
characterized by cytotoxic antibodies and cytotoxic cells that damage the antigenic target. The enhancing effect (facilitation reaction) is characterized by a predominance of humoral responses, which may
counteract the rejection reaction and have a beneficial effect on the antigenic target.29 Predominance
of this facilitation reaction over the rejection reaction appears in pregnancy, where enhancing noncomplement-fixing antibodies and suppressor cells favor the acceptance of the embryos; they prevent
complement-mediated cell lysis, while they block allogeneic reactions, either by covering the alloantigens or through the function of an idiotype-anti-idiotype antibody network.30 If the coexisting but
suppressed rejection reaction is up regulated, the embryo is rejected. The suggestion that the facilitation
reaction prevails over the rejection reaction and results in fetal tolerance has been followed by a plethora
of studies that have focused on the mechanisms mediating this specific response.

Th2-Type Immune Response
In 1987, Wegmann31 presented the “immunotrophic” theory, according to which the normal development of the placenta is the result of the influence of cytokines (placenta immunotrophic cytokines,
such as granulocyte macrophage colony stimulating factor [GM-CSF], transforming growth factor
[TGF-β], and interleukin-3 [IL-3]). In 1993, Wegman et al.32 suggested that during pregnancy there
is a change of the T-h1 (Th1)//Th2 equilibrium so that Th2-type cytokines (IL-4, IL-5, IL-10) predominate over Th1-type cytokines (IL-2, interferon γ [IFN-γ]) and benefit the developing embryo
by enhancing placental growth and function as well as by preventing inappropriate anti-trophoblast
cytotoxic reactions.
The role of cytokines in maternal–fetal symbiosis has been well documented. However, the trophoblastic antigenic stimulus, the maternal cells that are stimulated for the initiation of the enhancing
response and the exact factors modulating the Th2 shift remain unclarified. Several antigenic systems,
that are expressed on trophoblast (molecules of the major histocompatibility complex [MHC], erythrocyte antigens, complement regulatory proteins, Fc receptors, various isoenzymes, adhesion molecule,
R80K protein, etc.), have been assessed, but no specific antigen has been identified.33 Nevertheless,
specific trophoblastic molecules as well as various proteins produced by the trophoblast appear to
modulate the cytokine pattern towards preferential expression of Th2 cytokines. Heat shock proteins
(HSP), pregnancy specific β1-glycoprotein and increased expression of the non-classical MHC class I
HLA-G molecule have been suggested as stimulants of endometrial macrophages for IL-10 production which enhances a Th2 shift.34 Decidual cells may also produce high levels of Th2-type cytokines
after interacting with trophoblastic CD1d molecules, which present glycolipid antigens to specific cell
populations bearing T and natural killer (NK) cell receptors.35 Moreover, binding of leukemia inhibitory factor (LIF) (produced by decidual cells) to its receptor (LIF-R) on the syncytiotrophoblast, may
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enhance placental growth and differentiation and a Th2 shift.36 Finally, hCG produced by the trophoblast, induces the production of progesterone by the corpus luteum. Through an immunoregulatory
protein known as progesterone induced blocking factor (PIBF), progesterone may induce the production
of IL-4 by γδ T lymphocytes and, thus, enhance a Th2 response.37

Cytokine and Hormone Network
The theory of the Th2 shift alone, is a simplification of the cytokine-mediated mechanisms enhancing
pregnancy at the fetomaternal interface, as both Th1 and Th2 cytokines are necessary during specific
stages of fetal development: Th1 pro-inflammatory cytokines are required in early pregnancy and at
the end of pregnancy, Th2 anti-inflammatory cytokines are required in mid-pregnancy.38 IFN-γ, a Th1
ctyokine, has a beneficial role in promoting implantation contributing to the vascular development and
remodeling of uterine spiral arteries required for implantation and successful gestation.39 Different cell
populations are potentially involved in the production not only of Th2 cytokines, but also of Th1 cytokines as well as other cytokines (i.e., IL-12, -15, -18), chemokines and growth factors that control the
differentiation and the activation of immune cells locally. A cytokine that controls the shift to Th1
response (i.e., IL-12) coexists with one enhancing the Th2 response (IL-10), and all these are possibly
controlled by primary regulatory factors on a competitive basis. This regulatory and competitive role
was initially attributed to homones (i.e., hCG, progesterone, relaxin), the secretion of which is induced
by cytokines at the same time that the hormones themselves control the production of cytokines.

Regulatory T Cells and Th17 Inflammtory Cells
Our understanding of the cytokine network and the regulation of the Th1/Th2 balance has changed
immensely with the recognition of the important role of two other immune factors at the fetomaternal
interface: regulatory T-cells (Treg) and Th17 cells.40 Treg cells are a subset of immunoregulatory T lymphocytes (CD4+CD25+Foxp3+), which derive either from the thymus or by activation of naïve CD4+
T-cells following antigen stimulation under the influence of TGF-β.41 These cells play central role in the
induction of tolerance as they can inhibit the proliferation of and cytokine production by CD4+, CD8+
T-cells, antibody production by B-cells, cytotoxic activity of natural killer (NK) cells and maturation
of dendritic cells (DC).42 A unique property of Treg cells is their ability to induce infectious tolerance
by conferring upon the cells they target suppressive capabilities and the ability to inhibit down stream
steps in the immune cascade (bystander suppression phenomenon).43
The first data suggesting that pregnancy-induced Treg cells play a vital role in maternal tolerance to
the allogeneic murine and human fetus appeared in 2004. Aluvihare et al.44 demonstrated that during
murine pregnancy there is a systemic expansion of Treg cells, which can suppress aggressive allogeneic
responses directed against the fetus. Sasaki et al.45 showed that early human pregnancy decidua contains
an abundance of CD4+CD25bright T-cells that can inhibit the proliferation of autologous CD4+ T-cells,
and are significantly lower in specimens from spontaneous abortions compared to those from specimens
from induced abortions. Somerset et al.46 found that CD25+ CD4+ (Foxp3 mRNA+) Treg cells, which
inhibit in vitro the induction of T lymphocyte proliferation by a third-party allogeneic stimulus, are
increased in the peripheral blood during early pregnancy, peak during the second trimester, and decline
postpartum. Consequently, Zenclussen et al.47 were able to prevent fetal rejection in a murine abortion
model (CBA/JxDBA/2) by adoptive transfer of Treg cells from normal pregnant mice, and showed that
the transfer increased the expression of progesterone receptors on decidual cells.
Studies in mice and humans have revealed that decidual Tregs derive either from activation and proliferation of regulatory cells of thymic origin in the draining lymph nodes of the uterus,48 or by selective
recruitment of fetus-specific CD4+CD25bright from the peripheral blood.49 Before implantation (possibly
during the follicular phase), a hormone-dependant accumulation of Treg cells takes place in the lymph
nodes. At the outset of pregnancy there is an expansion of Tregs from naïve CD4+ cells in response to
paternal antigens delivered from the seminal fluid.50 During pregnancy, a peripheral expansion and/or
conversion from Foxp3− into Foxp3+ cells is induced by fetal allogeneic antigens.51 Saito et al.40 have
suggested a model for paternal antigen-specific Treg cell expansion, proliferation, and mobilization
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from the vagina to the pregnant uterus. DCs take up paternal antigens from the seminal plasma after
coitus, and they present them to naïve Treg cells of thymic origin, which become paternal antigenspecific, they proliferate and migrate to the pregnant uterus by chemokine,52,53 and hCG-induced54 chemoattractant mechanisms. Up-regulation of the transcription factor Foxp3, allows decidual Treg cells
to begin their suppressive effect on decidual immune cells and transfer suppressive capabilities and the
ability to inhibit down stream steps in the maternal anti-fetal immune cascade. However, the mechanism
is not well defined. Based on our existing knowledge of the mode of action of Tregs, decidual Tregs
are expected to control effector cells by cytokine-mediated mechanisms and mechanisms mediated by
direct cell-to-cell contact with target cells. By secretion of inhibitory cytokines (TGF-β, IL-10, and
IL-35), and consumption of γc-family cytokines (IL-2, IL-4, IL-7, IL-15), decidual Treg cells may suppress activation and expansion of conventional T lymphocytes, inhibit the release of proinflammatory
cytokine, increase T-cell apoptotic rates, and modulate the functions of decidual DCs.55,56 IL-10 inhibits
the up-regulation of the expression of MHC and costimulatory molecule on DC (attenuation of interaction with T cells and decreased antigen-presentating capacity), suppresses release of pro-inflammatory
cytokines such as IL-1β, IL-6, TNF-α, and IL-12, and up-regulates the expression of inhibitory molecules. Tregs may also have cytolytic effects on target decidual T cells and on DCs, through the secretion of granzymes and perforin.57 Contact-mediated suppression results from ligation of a range of Treg
surface molecules to effector cells: Galectin-1 promotes apoptosis of activated T cells,57 lymphocyte
activation gene 3 (LAG-3) modulates DC phenotype and function,58 programmed death ligand 1 (PDL1) promotes apoptosis of maternal antigen-specific activated cells, and prevents the accumulation of
fetal antigen-specific CD8+ T cells in the lymph nodes,59 cytotoxic T lymphocyte antigen 4 (CTLA-4)
down-regulates the expression of costimulatory molecules (CD80, CD86) on DCs and enhances immunosuppressive tryptophan catabolism in decidual cells.60 It is suggested that the ligation of CTLA-4 is
important for generating an immunosuppressive milieu at the fetomaternal interface, since it induces the
expression of the tryptophan-degrading enzyme indoleamine 2,3-dioxygenase (IDO) on DCs, and controls the balance between Treg and Th1 cells responses.61 IDO is a potent regulatory molecule known
to inhibit T-cell activation by inducing the production of pro-apoptotic metabolites from the catabolism
of tryptophan and suppression of T-cells.62 Therefore, bi-directional signaling between Treg cells and
DCs may be one means of infectious tolerance, since Treg cells can condition DCs to express IDO and
thereby exert a suppressive influence over neighboring T-cells.
An emerging area of interest is the relationship between Treg cells and pro-inflammatory IL-17producing T (Th17) cells.40,63 Th17 cells have recently been described as a key effector T-cell subset,
which has changed our understanding of immune regulation, immune pathogenesis and host defense.
They represent the third member of the T-cell trilogy having probably evolved to enhance host clearance
of a range of pathogens distinct from those targeted by Th1 and Th2.64 In humans, Th17 are differentiated from naïve T-cells in response to a combination of cytokine signals distinct from, and antagonized
by, cytokines of the Th1 and Th2 lineages (TGF-β, IL-1β, and IL-23).65 They express CCR6, IL-23R,
and also IL-12Rβ2 and CD161. They are characterized by the production of a distinct profile of effector
cytokines, including IL-17 (or IL-17A), IL-17F, IL-21, and can be induced to produce IFN-γ in addition
to IL-17A in the presence of IL-12.66
Little data is available on the allogeneic pregnancy model. However, Th17 expansion appears to
present a barrier for establishing maternal tolerance because of mutual antagonism and plasticity
between Treg cells and Th17 cells. These two cell subsets appear to share a common lineage with their
relative abundance influenced dramatically by the cytokine environment (particularly the ratio of IL-6
to TGF-β) in which T-cell priming occurs.67 In the absence of IL-6, TGF-β suppress the conversion
of naïve T-cells to Th17 cells, while in the presence of IL-6 naïve T-cells are converted to Th17 cells,
and existing Treg cells can function as inducers of Th17 cells and themselves convert to Th17 cells.
Apart from TGF-β and IL-6, other factor can also influence the antagonism between Treg cells and
Th-17 cells. IL-1 can induce Th17 cells as opposed to Treg cells,68 and IDO has been shown to block
the conversion of Tregs into Th-17 cells.69 A recent study70 has found that IL17+ were significantly
higher in patients with inevitabile abortion, compared to normal pregnancy, but not in asymptomatic
missed abortion. Therefore, IL-17 expression might be the mechanism of expulsion of the fetus rather
than the cause of miscarriage.
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Although the Th1/Th2 paradigm provides the framework for understanding immune mechanisms
and maternal tolerance in pregnancy, the mutual antagonism and plasticity between Treg cells and
Th17 cells illustrates the fine balance between a suppressive or pro-inflammatory immune outcome
at the fetomaternal interface and the major importance of the cytokine environment for the success of
pregnancy.

Other Mechanisms Enhancing Fetal Tolerance
Th2 cytokines and Treg cells characterize the immune response in normal pregnancy, but many different mechanisms acting locally or at distance ensure tolerance to the semiallogeneic graft by the
maternal natural and adaptive immune defences. Thus, tolerance is modulated by the cumulative effect
of preimplantation factors, molecules expressed on the trophoblast as well as decidual immune cells.
Changes in metabolic factors, hormones, and cytokines during ovulation, coitus and fertilization result
in local immunosuppression within the maternal genital tract and prepare the uterus for the implantation of the blastocyst.71 Trophoblastic molecules may be specifically recognized by maternal immune
cells as alloantigens or may act as antigen-presenting molecules or have a suppressive or immunomodulatory function. Decidual immune cells may regulate the immune response not only by producing
cytokines and growth factors, but also by specific recognition of trophoblastic molecules, suppression
of cytotoxic reactions, and NK-cell toxicity.
Several specific immunosuppressive and cytotoxicity-blocking mechanisms have been suggested to
contribute to fetal tolerance. Sperm may promote local immunosuppression via prostaglandins, while
TGF-β contained in seminal plasma may provide the necessary antigenic and environmental signals for
the accumulation of Treg cell in the uterus, the production of growth factors (GM-CSF) by the uterine
epithelium and the initiation of an appropriate maternal immune response to the conceptus if pregnancy
is achieved.72 The trophoblast may prevent activation of placental immune cells or induce apoptosis of
activated cells. The maternal innate immune system, which is the first to confront the embryo, actively
reacts by developing an inflammatory response mediated by Toll-like receptors (TLR) expressed on
trophoblast cells. This response enhances decidual and trophoblast development, and may induce tolerance.38,54 IDO expressed by trophoblastic cells may catabolize tryptophane in maternal T cells and
prevent them from activating lethal antifetal immune responses.73 The expression of the CD95-L (FasL)
molecule on the trophoblast and its interaction with CD95 (Fas) expressed on decidual cells protects
trophoblastic cells by inducing apoptosis of activated CD95+ T lymphocytes.74 Modulation of local
placental immunity during pregnancy has been also ascribed to HLA-G, which is expressed in extravillous cytotrophoblast that invade decidual tissue and maternal spiral arteries as well as villous cytotrophoblast (soluble form). Soluble HLA-G1 isoforms might play an important role in implantation, while
HLA-G induces apoptosis of activated CD8+ T-cells, down-regulates the proliferation of T-helper cells
and modulates cytokine secretion by NK cells upon interaction with specific receptors.75 Under the
control of Treg cells, decidual antigen presenting cells express their activation by the production of
anti-inflammatory rather than proinflammatory cytokines, and have an immunosuppressive action and
a limited antigen presenting capacity.76

The Role of NK Cells in the Maintenance of Pregnancy
NK cells are part of the inate immune system and have a variable set of receptors belonging to five
families: KIR (killer immunoglobulin-like receptors), NCR (natural cytotoxicity receptors), ILT/LIR
(immunoglobulin-like transcripts), CD94/NKGs, and NKG2D.77–79 The proportions of immunosoppressive NK subset (NK3 and NKr1) are suppressed in miscarriages compared to normal pregnancy.
Progesterone, prolactin, HCG and soluble HLA-G1 could contibute to fetal tolerance by inducing the
production of immunosoppressive NK subsets.80
Decidual NK (dNK) cells (CD3-CD16-CD56+bright) are the dominant decidual cell population from
the first stages of pregnancy through the first trimester. Due to their increased presence and direct
contact with invading trophoblast, they have been considered as important for the establishment of
normal pregnancy. There is evidence that, coincident with blastocyst implantation and decidualization,
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when uterine NK cells become activated, they produce IFN-γ, perforin, and other molecules, including
angiogenetic factors. In this way, they can control trophoblast invasion through their cytotoxic activity, and they also initiate vessel instability and remodeling of decidual arteries to increase the blood
supply to the fetoplacental unit.44 Furthermore, dNK may be involved in cytokine-mediated immunoregulation of the maternal immune response producing Th2-type cytokines and growth factors, which
result in placental augmentation and local immunosuppression and immunomodulation.81,82 Through
their receptors, dNK cells may recognize selected epitopes on HLA-class I molecules expressed on
invading trophoblast. It is interesting that the specific ligands for most of the receptors are the nonclassical HLA class I molecules G and E as well the classical HLA class I antigen C, which are the only
HLA molecules expressed on the extravillous trophoblast. Moreover, some of the receptors recognizing HLA-G and HLA-C epitopes are selectively expressed on dNK cells. The specific interaction of
the NK-cell receptors with trophoblastic antigens led to the concept of an embryo recognition model
through an “NK-cell allorecognition system.” High-affinity interactions of NK receptors with their
ligands may provide self-signals to either cytotoxic NK activation (Th1 response) or inhibition of activation and protection of the trophoblast (Th2 response). Which one of the two responses will predominate depends on the action of the inhibitory receptors, which prevails over the action of the activating
ones. Consequently, if the inhibitory dNK receptors recognize their specific ligands on the trophoblast,
they are expected to inhibit dNK activation for trophoblast damage, otherwise dNK are allowed to
develop anti-trophoblast activity.83 Most studies that have investigated the effect of dNK receptors in the
maintenance of pregnancy have specifically focused on the interactions involving HLA-G molecules,
because of their restricted distribution to placental tissues. HLA-G has been shown to be the ligand
for at least three inhibitory receptors, and the expression of some HLA-G isoforms has been shown to
protect trophoblastic cells from lysis by activated cytotoxic cell clones.84 Nevertheless, the control of
the anti-trophoblast activity of dNK cells is probably the result of the cumulative interaction of several
receptors on maternal dNK with different self and non-self class-I molecules appearing on the HLA
haplotypes expressed on the trophoblast. Among the different NK-cell receptor interactions with their
specific counterparts on the trophoblast, the interactions between inhibitory receptors of the KIR family (inhKIR) and their ligands HLA-C molecules appear to be those mainly involved in the function of
an NK-cell-mediated allorecognition system in pregnancy.85 Given the differences in both the inhKIR
repertoire and the HLA-C allotypes among unrelated individuals, each pregnancy presents a different
combination of maternal inhKIR receptors on dNK and self and non-self HLA-C allotypes on the trophoblast. This combination is expected to ensure the appropriate receptor–ligand interactions to inhibit
dNK anti-trophoblast activity, thus favoring pregnancy.
A recent pilot randomized control trial (RCT)86 assessed the possibility of “screening and treating “
women with recurrent miscarriage. One hundred and sixty women underwent endometrium sampling
5–9 days after the LH surge. Seventy-two were found to have a high uterine NK density (>5%), Several
other studies have suggested that peripheral blood NK levels are elevated in women aborting karyotypically normal embryos.87,88

Immunopathology of Alloimmune Abortion
In contrast to normal pregnancy, a predominant Th1-type response or defective production of Th2-type
cytokines appears in spontaneous abortion.89 In response to the conceptus or other antigens, decidual
lymphocytes secrete proinflammatory Th1-type cytokines such as IL-2, IFN-γ, TNF-α, which adversely
affect the development of the embryo. Fetal rejection occurs through immune-induced inflammation
(delayed-type hypersensitivity reactions which result in lymphocyte infiltration of the trophoblast), tissue degradation (cytotoxic reactions which result in damage of the trophoblast by NK cells and cytotoxic antibodies produced by specific subpopulations of B lymphocytes) and coagulation (upregulation
of a novel prothrombinase fgl2, which results in vasculitis affecting the maternal blood supply to the
implanted embryo).34,81 In addition to the Th1-type response, disturbances of other mechanisms thought
to be involved in the response to normal pregnancy, may contribute to abortion (e.g., disturbances in
tryptophane catabolism90 or reduced apoptosis.91
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Unfortunately, the specific mechanism causing fetal rejection is as yet undefined, since no relevant
single specific mechanism has been recognized as essential for a successful pregnancy. We speculate
that the disruption of one or more of the mechanisms leading to tolerance in normal pregnancy may
occur in stress situations and can lead to rejection. These disturbances may include (a) absence of
immunosuppressive proimplantation factors in the genital tract; (b) absence of immuno-dependant specific suppression at the fetomaternal interface; and (c) inappropriate expression or defective recognition
of trophoblastic and immunoregulatory molecules by decidual cells, including disturbances in the NK
allorecognition system. Alone or in combination, the above disturbances seem to deregulate the sensitive balance of maternal tolerance to the embryo and lead to its “rejection” (Figure 27.1).
Preimplantation factors cause local immunosuppression in the genital tract and prepare the endometrium to accept the semiallogeneic embryo.
• In an environment of hormone-dependant maternally and fetally derived immunosuppression
(including predominance of Treg cells over Th17 cells), specific decidual cells recognize specific molecules on the trophoblast.
• Activated, decidual cells secrete growth factors (GM-CSF, TGF-β, IL-3) that enhance placental growth (immunotrophism).
• Specific lymphocytes of the pregnant woman are also activated and secrete anti-inflammatory
cytokines (IL-4, IL-10, IL-13), so that a Th2-type immune response is developed.
• Produced antibodies block cytotoxic reactions that would harm the embryo.
In miscarriage (Figure 27.2), tolerance enhancing preimplantation factors may be absent, trophoblastic antigens may be inappropriately expressed, and the recognition of trophoblastic antigens and/
or immunoregulatory molecules may be defective. Treg cell function is inhibited, Th1 cells produce
proinflammatory cytokines (IL-2, IFN-γ, and TNF-α), which generate a Th1-type response. In the
absence of blocking factors, cytotoxic antibodies and cytotoxic cells (mainly NK cells) damage the
trophoblast.
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FIGURE 27.1 Immunologic mechanisms in normal pregnancy. IL: interleukin; Th: T-helper; TGF-β: transforming
growth factor β; GM-CSF: granulocyte-macrophage colony-stimulating factor; Treg: regulatory T cell.
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FIGURE 27.2 Immunologic mechanisms in abortion.

Factors Inducing a Th1 Response in Abortion
Although the immunopathology underlying Th1 preponderance in abortion is unknown, it is widely
accepted that situations such as stress, infection, and autoimmunity, as well as genetic factors may cause
Th1 cytokine-triggered abortions.
Stress may affect the endocrine system (corticotropin releasing hormone [CRH], adrenocorticotropin [ACTH], and progesterone), which triggers an immune bias towards an abortogenic Th1 cytokine
profile.92 Tometten et al.93 have studied stress-triggered abortion in the murine CBA/J × DBA/2 J model
and found that fetal loss is the result of a neurogenic inflammatory response and Th1 cytokine profile
in decidua. They suggest that stress provokes tachykinin 1 (formerly known as substance P) release at
the fetomaternal interface, which mediates the local and endothelial increase of nerve growth factor β
(NGFB) which mediates a neurogenic inflammatory response. Subsequently, increased expression of
NGFB in the uterus skews the immune system toward an inflammatory Th1 response via upregulation
of adhesion molecules.
Th1 cytokine-triggered abortions may also be affected by bacterial endotoxins (LPS).94 The Th1
response is induced by infectious agents when they are recognized by specific decidual T cells bearing
Vδ2 receptors, which when activated secrete abortogenic cytokines. Barakonyi et al.95 have shown that
peripheral blood γδ+ T cells from women with RSA preferentially express the Vγ9Vδ2 TcR combination. Vγ9Vδ2 T cells are known to recognize non-peptide organophosphate and alkylamine antigens
and eliminate bacteria and parasites. We have investigated the bias towards these cells in women with
unexplained pregnancy losses and have found that the majority had undiagnosed genital tract or even
systematic bacterial infections.96
The cytokine balance is determined by maternal genes, which regulate the response to stress, LPS
and paternally inherited trophoblastic antigens.34 Furthermore, cytokine gene polymorphisms (i.e.,
TNF, IFN-γ) have been associated with recurrent miscarriage in women with Th1 immunity to the trophoblast. However, several studies investigating the relationship between cytokines, angiogenic mediators, hormones, gene polymorphisms, and RSA have produced contradictory results.97
As mentioned above, one of the mechanisms by which aPL antibodies damage the embryo is the
development of an inflammatory response involving TNF-α, the main factor for the induction of
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Th1-type response. Furthermore, the presence of ATA combines with changes in the profile of endometrial T cells, which results in the hypersecretion of Th1 cytokines, such IFN-γ.

Treg Cell and Th17 cells in Women with RSA
Sasaki et al.45 first reported that decidual CD4+CD25bright T-cells that can inhibit the proliferation of
autologous CD4+ T-cells are significantly lower in specimens from spontaneous abortions compared to
induced abortions. Many other studies have shown similar findings in women with RSA Treg cells do
not show any significant fluctuation during the menstrual cycle, their number is as low as that observed
in postmenopausal women, and their suppressive functions are lower than those of fertile controls,
The proportion of Treg cells in the decidua and peripheral blood is significantly lower in unexplained
recurrent spontaneous abortion than in control women.98,99 The abnormal performance of Treg cells
in mediating feto-maternal tolerance in cases of abortion has been associated with alteration in the
IL-6 trans-signaling pathway, decrease of TGF-β and IL-2 as well down-regulation of IL-2-STAT-5
signaling.100
Increased Th17 cells and Th17 cyokines (e.g., IL-17, and IL-23) have been shown in unexplained RSA
patients.101,102 Nakashima et al.103 found a correlation between the number of decidual IL-17+ cells and
the number of neutrophils in women with miscarriage, and suggested that these cells may be involved
in the induction of inflammation in the late stage of abortion. The excessive Th17 activity in RSA
patients may reflect the suppressed function of Treg cells, but may also be stimulated by IL-6 produced
during subclinical uterine infections and inflammation.104 Immunotherapy may reverse the decreased
number and function of Treg cells. Adoptive transfer of CD4+CD25+ regulatory T from normal pregnant females47,65 or expanded in vitro105 was shown to significantly reduce the fetal resortion rates in the
CBA/JxDBA/2 murine abortion model. In women with RSA, lymphocyte immunotherapy (LIT) with
paternal or third-party lymphocytes has been demonstrated to increase Treg cells.106 Additionally, an in
vitro study has shown that the suppressive activity of Treg cells from healthy individuals can increase
when they are cocultured with intravenous immunoglobulin G (IVIg).107

Role of NK Cells in Abortion
Decidual NK cells appear to be the main cell population involved in alloimmune abortion. Under the
influence of Th1-type cytokines, they are stimulated to become classical NK cells expressing CD16
(CD3-CD16+CD56+), which can damage the trophoblast either directely by releasing cytolytic substances or indirectely by producing inflammatory cytokines.108 Clinical studies have demonstrated that
women who tend to abort have increased numbers of NK cells of the conventional CD3-CD56+CD16+
type in the uterus109 as well as increased blood NK-cell subsets and NK-cell activity, all of which have
been associated with abortion of chromosomally normal embryos.110
A direct increase in numbers and/or activation of maternal NK cells may be either infection-related
or related to the NK allorecognition system. Thomas et al.111 have suggested that subclinical herpes
virus viraemia may be an important cause of peripheral blood NK cell stimulation in women with fertility problems, and they associated antiviral treatment with a decrease of NK cell levels. Alternatively,
rejection of the embryo may be the result of a defect in the NK allorecognition system. Our studies in
RSA couples as well as in cases of sporadic abortion have suggested that aborting women have a limited repertoire of inhKIR receptors or an imbalance of KIR receptors in favor of activating KIRs.112,113
Furthermore, many women with miscarriages lack the appropriate inhKIRs to interact with trophoblastic HLA-C molecules (lack of maternal inhKIR-fetal HLA-C epitope matching) or were found to
possess inhKIRs that do not bind strongly their ligands (HLA-C), in order to sufficiently inhibit NK
toxicity.27,43 The contribution of the predominance of an activating state in the balance between inhibitory and activating KIR receptors as well as in the KIR/HLA-C interactions to pregnancy loss has also
been found by other authors.114–116 Vargas et al.114 have reported that women carrying a high content
of activating KIR genes have a threefold increased probability of developing recurrent miscarriage.
Finally, a higher activating potential resulting from particular maternal KIR/fetal HLA-C combinations
was shown in a study by Keramitsoglou et al.,117 that was performed on the abortus and HLA-C ligands
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were directly genotyped on trophblast cells. All the above data suggest that in RSA women the triggering signals that the dNK cells may receive to attack the trophoblast may be not be inhibited.
Because of the critical role of NK in trophoblast damage, the diagnostic approach to alloimmune
abortions is almost limited to the study of these cells. The diagnostic value of various tests that have
been used (partner’s HLA typing for the detection of increased HLA sharing between them, detection of
lymphocytotoxic antibodies against paternal cells (antipaternal antibodies-APCA), mixed lymphocyte
cultures for the detection of bocking antibodies, Th1/Th2 cytokine balance for detection of predominance of Th1 response) is of doubtful value. Therefore, the detection of NK cell disturbances (increase
of CD3-CD16+CD56+ cells) in the peripheral blood of unexplained RSA women is often used as a
marker of an underlying alloimmune mechanism for miscarriage. Furthermore, monitoring of NK cells
is used for the estimation of the effect of immunotherapy.

Epilogue
The two categories of auto- and alloimmune-mediated pregnancy loss do not describe distinct immunological entities. Antiphospholipid antibodies may induce a Th1 shift through cytokines and complement activation. Cytotoxic cytokines or NK cells, which play a role in alloimmune abortions, may also
mediate those with an autoimmune pathology. The disturbances in the two types of abortion are now
suggested to associate with a misdirection of the immune response that is characterized by exaggerated
inflammation and breakdown of tolerance to autoantigens or fetal alloantigens. The classification of the
immunological disturbances as autoimmune or alloimmune helps explain a number of miscarriages that
were previously considered as “unexplained,” to identify candidates for immune testing, and to offer
immunologic treatments. In autoimmune pregnancy loss, especially when associated with antiphospholipid antibodies, the immunopathology is better defined, the diagnosis is relatively simple and the
therapy has been widely described to be beneficial. In alloimmune abortions, the pathophysiology is
far less clear, the diagnostic value of tests uncertain, and the effectiveness of immunotherapy remains
controversial.
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Debate: Should Immunotherapy Be Used?
Lymphocyte Immunization Therapy—Yes
Edward E. Winger and Jane L. Reed

In a field not without controversy, lymphocyte immunization therapy (LIT) has arguably generated the
most intense debate. LIT is an immunologic treatment for miscarriage involving the immunization of
the prospective mother with paternal mononuclear cells. In January of 2002, the U.S. Food and Drug
Administration (FDA) posted a letter limiting LIT to the terms of an investigational new drug application, an “IND.” Two reasons were given for the restriction: first, the FDA claimed LIT involved unsafe
administration of a human blood product. Second, a randomized controlled trial published in the Lancet
concluded that LIT does not work.1 Citing these two concerns, the FDA restricted use of the therapy in
the United States.2 Despite the U.S. restriction, many practitioners continue to utilize the therapy elsewhere in the world, claiming (a) LIT is effective; (b) LIT can be administered within legal blood transfusion guidelines; and (c) the study reported in the Lancet, the “Ober study,” was fatally compromised
by poor design and execution. We will show that the study results were rendered uninterpretable by a
number of methodological problems. Supporters claim that, when used in accordance with procedures
advocated by Beer on appropriately selected patients,3 LIT is both safe and effective. We will argue
for the need for larger prospective trials to overcome flaws of the study if we are to fairly judge LIT’s
efficacy.
Perhaps the earliest description of lymphocyte immunization was made by Billingham et al.4 They
observed that skin grafts between fraternal twins were accepted while grafts between non-twin siblings
were not. This led them to hypothesize that blood cells exchanged through the twins’ placentas persisted
and maintained a state of immunologic tolerance. Studies from the 1970s reported that pretransplant
transfusion decreased the immunologic rejection of the transplanted organ.5–9 Observations that parental MHC antigen sharing might be associated with adverse pregnancy outcomes suggested that inadequate maternal recognition of paternal alloantigens could cause deficient tolerogenesis.10–12 Influenced
by these observations, Beer reasoned that immunization with paternal mononuclear cells might enhance
maternal recognition of paternal alloantigen allowing patients suffering from recurrent spontaneous
abortion to carry a pregnancy to term.13 Mowbray et al. conducted the first randomized controlled trial
of LIT in unexplained recurrent spontaneous abortion (RSA) patients and reported a striking increase
in the success rate in those who rapidly achieved pregnancy after treatment.14 Subsequently Mowbray
reported that protection waned after 80 days in women who failed to make anti-paternal HLA antibodies, but persisted in those who had made such antibodies. He found that, in antibody-negative patients,
protection could be restored by reimmunization within 40 days prior to conception.15 A prospective,
collaborative observational study and meta-analysis confirmed efficacy in women with primary RSA
lacking anti-paternal antibodies. Inefficacy was reported in women with preexisting paternal antibodies, prior live birth with their partner, and reduced live birth rate in women testing positive for anticardiolipin or anti-nuclear antibodies.16 A subsequent meta-analysis17 on the same cohort of patients
showed a 16% absolute benefit in the live birth rate in primary aborters lacking anti-paternal antibodies
at initial testing. There was a significantly decreased live birth rate in women with a history of three or
more spontaneous abortions. A third meta-analysis18 was performed on women with five or more miscarriages. This criterion was chosen as the prognosis is poorer after five miscarriages, and the possibility of confounding the results due to genetic factors is reduced. In this study, there was a significantly
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increased chance of a live birth following LIT. Three primary aborters required treatment in order to
achieve an extra live birth. Immunization had no effect on the secondary aborters.
Several allospecific mechanisms have been proposed to explain the protective effects of LIT. A number of studies have suggested that diminished allo-immune recognition prevents development of a protective anti-paternal antibody response. Properties of the antibody response have been quantified in
several assays: those measuring cytotoxic antibodies, asymmetric antibodies and mixed lymphocyte
reaction blocking antibodies.19–21 In aggregate, these antibodies have been described as “blocking” antibodies because of the effect attributed to them. LIT appears to enhance the development of “blocking”
antibodies in pregnancy by intentional exposure of the mother’s immune system to living cells expressing paternal antigen.22 Malan et al. showed that pregnant women express much higher levels of asymmetric antibodies than nonpregnant women.23 Asymmetric antibodies were described by Margni in the
1970s.24 These antibodies exhibit posttranslational high mannose glycosylation of one of the two Fab
regions which sterically hinders binding by the modified Fab. The functionally univalent antibody is
unable to form complexes, thereby, inhibiting complement activation, efficient Fc-binding, and phagocytosis. However, because the unmodified Fab fragment retains its full antigen-binding capacity, it competes efficiently with unmodified, symmetric antibody. Margni demonstrated enhanced production of
asymmetric antibody when antigen was presented as particulate or cellular antigen.25 Barrientos and
others demonstrated that women suffering pregnancy loss had significantly lower levels of asymmetric
antibody than their healthy counterparts.26 Zenclussen et al. demonstrated that asymmetric antibody
levels increased following lymphocyte immunotherapy.27
Skin functions as an immunologic barrier comprising a network rich in immunologic sensor cells.
These sensor cells interact with both environmental and self-antigen subsequently presenting antigen
to the immune system for response. These cells consist of a diverse group of cells together known as
“dendritic cells” due to their dendrite-like processes. These dendrite-like processes extend through the
local environment enhancing antigen-capturing capacity. Upon antigen capture, dendritic cells mature
and undergo morphologic transformation into migratory cells that find their way to regional lymph
nodes. Depending on the nature of antigen and local factors encountered during antigen contact, the
matured dendritic cell delivers an immunogenic or tolerogenic signal upon subsequent interactions in
the lymph node.28–30
The injection of sufficient numbers of paternal lymphocytes into the dermis is essential to ensure
adequate physical interaction with dendritic cells. Interactions with macrophages and mast cells may
also generate nonspecific suppressive responses. Nonspecific suppressive responses include reduction
in the ratio of Th1 to Th2 cells, increase in T regulatory cells, suppression of in vitro natural killer cell
cytotoxicity as well as reduction in the number of CD3−/CD56 + cells.31–39 As occasionally practiced,
mononuclear cells are delivered by intramuscular and intravenous routes. These routes do not result in
an interaction with a barrier type immune structure replete with dendritic cells as found in the skin.
Though permitted in the Ober trial, it is doubtful that such routes are capable of generating tolerogenic
interactions with dendritic cells.
Mononuclear cells should be maintained for no more than a few hours at room temperature. Clark and
Chaouat have shown that cold (4°C) exposure results in a loss of CD200 expression and tolerogenesis.40,41
In addition, apoptotic material is rapidly cleared in vivo, resulting in a profound anti-inflammatory effect
on the phagocytosing cell. Cold storage instead promotes a continuous process of transformation that has
been dubbed “aponecrosis.” Aponecrotic cellular material is pro-inflammatory when infused.42 While
simple in principle, apoptosis requires functional cellular machinery. Aged, and in particular, cold-shocked
cells have diminished apoptotic capacity. These cells may preferentially undergo necrosis or follow various
pathways leading to aponecrosis or necroptosis that is pro-inflammatory and potentially counterproductive
for purposes of the therapy. Pandey, in contrast to Ober, reported a high rate of successful live births in an
intention-to-treat analysis of LIT where the cells were maintained at 37°C before use.20,39
While the mechanics of LIT are relatively simple, its consistent and successful practice calls for an
understanding of the immune response in healthy pregnancy as well as the response of the skin barrier
immune system upon exposure to injected antigen. The arrival of the embryo at a receptive endometrial
surface, in natural, healthy pregnancy, is preceded by a period of tolerogenic immunologic response to
paternal antigen.43,44 As with all adaptive immune responses, their development requires time. In the
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case of LIT, optimal response may require several weeks.3 LIT performed just prior to conception, may
not provide sufficient time for the development of the maximum protective response.45 The Ober study
permitted LIT just two weeks prior to conception. Pandy and Beer recommended 4 weeks.3,20 Further,
the Ober study did not measure antibody development confirming response. The preferred LIT protocol utilizes intradermal inoculation, similar to Pandey and Beer.3,46,47 Inoculations should be repeated
until a sufficient immunological response has developed before conception. An adequate immunological
response usually takes several weeks to develop and should be monitored. Ober permitted alternative
methods of paternal cell delivery including intramuscular and intravenous routes that do not result in
encounter with a high density of dendritic cells.1 The Ober study failed to adhere to a common LIT
protocol, including lack of monitoring for immunologic response.
Immunologic response to LIT is most commonly quantified in a flow cytometric assay using paternal
antigen-expressing lymphocytes as solid phase. However, in primary recurrent spontaneous abortion
(RSA), any woman who has not carried a pregnancy to term with the prospective father, would not be
expected to express antibodies to his lymphocyte-expressed antigens. However, in those patients treated
with LIT, a rapid rise in antibody level would be anticipated. Mowbray found that, in the absence of
such a response, an additional boost of LIT was beneficial if the patients failed to become pregnant
within 90 days.15
The decision to perform LIT, however, should not only rely upon initial quantification. Clinical history should be taken into account as well. Patients with chromosomal, structural, endocrine, and certain
autoimmune causes of miscarriage would not be expected to benefit from LIT.48 In addition, various
investigators have shown that patients with primary RSA may benefit more from LIT than patients with
secondary RSA.18,49,50 However, much of the literature combines both groups.51–53 The development of
more effective testing, possibly including asymmetric antibody testing, as well as taking into account
other clinical and immunologic abnormalities, would likely improve the accuracy of our patient selection process.23,54,55
Because LIT involves the administration of live allogeneic mononuclear cells, its use has also raised
certain safety issues in the past. One of these was the potential for transmission of infectious agents.
However, LIT correctly performed, requires both the donor and recipient to be tested for a panel of
serologic tests for infectious agents. It should be noted, in almost all cases, the donor and recipient are
a married couple, so would have already been exposed to transmissible agents. In 2006, Kling led two
large European trials each involving over 4000 patients over a 3-year time span using LIT techniques
similar to those used in this study, and no anaphylaxis, autoimmune or graft versus host disease were
detected.56,57
In summary, the literature is plagued by studies providing contradictory results where widely varying protocols self-described as “LIT” have been used. Agreement upon a common protocol that recognizes well-understood principles is a step that must precede a study designed to judge its efficacy.
LIT, when used correctly on a well-selected patient population, still holds much potential as a safe and
effective treatment approach for reproductive patients who have failed with less aggressive protocols.
Controversies have arisen due to studies that practice poor patient selection and incorrect LIT procedure. Prohibition in the United States has resulted in a flow of patients to countries where LIT continues
to be practiced. In the future, large prospective trials should be designed that select appropriate patient
groups for treatment. These trials should use correct LIT procedures and monitor treatment progress
with appropriate immunological testing and patient selection. This is essential if we are to fairly judge
efficacy.
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Debate: Should Immunotherapy Be Used?
Intravenous Immunoglobulin—Yes
Carolyn B. Coulam

Does immunotherapy, specifically intravenous immunoglobulin (IVIg), for treatment of reproductive
failure enhance live births? The answer to this question has been controversial. The reason for the controversy lies in the problem of patient selection for a particular treatment. A treatment is more likely
to work if it is given to those with a physiologic abnormality that the treatment can correct, and, if the
treatment in fact corrects it.1 Not all pregnancies fail for the same reason. Causes for recurrent pregnancy loss have included chromosomal, anatomic, hormonal, immunologic, and thrombophilic abnormalities.2 Thus, one cannot use obstetrical history alone to determine whether immunotherapy will be
useful. Only patients experiencing reproductive failure with an immunologic cause would be expected
to respond to immunotherapy. The following paragraphs will discuss how to identify those individuals
most likely to respond to treatment with IVIg, describe published success rates of IVIg therapy, and
present alternative treatments to IVIg.

How to Identify Those Individuals Most Likely to Respond
to Treatment with IVIg
Of all of the causes of recurrent pregnancy loss, the ones that would be expected to respond to IVIg
treatment are the etiologies that involve a mechanism that can be modulated by IVIg. The mechanisms
by which IVIg are believed to enhance live birth rates include3:
• IVIg decreases killing activity of natural killer (NK) cells.
• IVIg decreases expression of proinflammatory T cell cytokines.
• IVIg increases the activity of regulatory T cells.
• IVIg suppresses B cell production of autoantibody.
• IVIg contains antibodies to antibodies or anti-idiotypic antibodies.
• IVIg actions on Fc receptors including binding of complement by the Fc component of IgG.
Based upon these mechanisms, IVIg would be expected to enhance live birth rates in individuals who
had elevated circulating NK cells or elevated NK cytotoxicity, activated T cell activity, excess of proinflammatory Th1-type cytokines, diminished regulatory T cells, elevated production of autoantibodies that can cause endothelial damage and clotting, and increase activation of complement. Indeed,
all of these findings have been reported among women experiencing recurrent pregnancy loss.4–14
Proinflammatory cytokines at the maternal–fetal surface can cause clotting of the placental vessels and
subsequent pregnancy loss. One source of these cytokines is the NK cell. Biopsies of the lining of the
uterus from women experiencing recurrent pregnancy loss reveal an increase in activated NK cells.15
Peripheral blood NK cells are also elevated in women with recurrent pregnancy loss compared with
women without a history of pregnancy loss.16 Measurement of NK cells in peripheral blood of women
with a history of recurrent pregnancy loss has shown a significant elevation associated with loss of a
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normal karyotypic pregnancy and a normal level associated with loss of embryos that are karyotypically
abnormal.17,18 Furthermore, increased NK activity in the blood of nonpregnant women is predictive of
recurrence of pregnancy loss.6 Th1 cytokine expression has been shown to be increased in circulating
T lymphocytes of women experiencing recurrent pregnancy loss.7 Regulatory T cells (Tregs) suppress
immune responses of other cells including T effector cells, thus helping to avoid unrestricted expansion
of T cell proinflammatory response. IVIg has been shown to decrease Th1/Th2 cytokine ratios12 and
enhance T reg cells19 as well as to decrease NK cell killing activity.9–11 All of these events are necessary
for pregnancy to be successful.
IVIg would not be expected to be effective in enhancing live birth rates in women who had chromosomally abnormal pregnancies or anatomic, hormonal, or thrombotic risk factors contributing to their
losses. Therefore, to select the person most likely to respond to IVIg treatment would require documentation of an immunologic risk factor and the absence of nonimmunologic risk factors. Laboratory
evaluations to determine the presence of an immunologic risk factor could include:
• Blood drawn for antiphospholipid antibodies, antinuclear antibodies, antithyroid antibodies,
lupus-like anticoagulant, reproductive immunophenotype, NK activation assay, TH1/Th2
ratios in peripheral lymphocytes, and T reg cells, as well as tests for circulating embryotoxins
(embryotoxicity assay) including TH1 cytokines.
Examples of testing for risk factors not responsive to treatment with IVIg include:
• Chromosome analysis of previous pregnancy losses or both partners.
• Hysterosonogram, hysterosalpingogram, or hysteroscopy.
• Thrombophilia panel.

Success Rates of IVIg Therapy
Originally, IVIg therapy was used to treat women with post-implantation pregnancy losses who had
not been successful in pregnancies previously treated with aspirin and prednisone or heparin.20–25 The
rationale for the use of IVIG in the original studies was the suppression of the lupus anticoagulant in
a woman being treated for severe thrombocytopenia. IVIg was often given with prednisone or heparin
plus aspirin. The estimated success rate of 71% for women at very high risk for failure with a history
of previous treatment failures suggested IVIg treatment was effective.20–24 More recently, IVIg therapy
alone has been used to successfully treat women with antiphospholipid antibodies as well as women
who become refractory to conventional autoimmune treatment with heparin or prednisone and aspirin.25
IVIg has been reported to successfully treat women with elevated circulating levels of NK cells with
live birth rates between 80% and 90%.26
IVIg has also been used to treat women with unexplained recurrent pregnancy loss. Ten controlled
trials of IVIg for treatment of recurrent pregnancy loss have been published.27–35 Four of these report
significant enhancement in the live birth rate with IVIg treatment and six were unable to show benefit
of treatment. The number of patients participating in each trial, the time of first IVIg administration
(preconception or postconception), whether the patients were selected for treatment with IVIg based
on obstetrical history alone or obstetrical history and immunologic test results and whether the trial
showed benefit or no benefit from treatment are summarized in Table 29.1. Five trials gave IVIG before
conception and four of the five showed significant benefit in enhancing live birth rates, whereas five
trials delayed treatment until pregnancy was established and of these none demonstrated benefit of
treatment (p = 0.04, Fisher’s exact test). Among the trials showing benefit of treatment with IVIg, three
out of four used immune test results to select patients for IVIG treatment, and among trials showing no
benefit from treatment, zero out of six selected patients for treatment using immune testing (p = 0.03).
By waiting until 5–8 weeks of pregnancy to begin treatment, women with pathology occurring earlier
would have been excluded and those pregnancies destined to succeed would be included, leading to
selection bias. Indeed, a negative correlation with delay in treatment is significant. Only one study
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TABLE 29.1
Classification of Outcome of Controlled Trials of Intravenous Immunoglobulin (IVIg) in Recurrent
Pregnancy Loss
Trial
Moraru et al.
Coulam et al.28
Kiprov et al.31
Strickler et al.32
Stevenson et al.30
Mueller-Eckhart et al.27
Christiansen et al.29
Christiansen et al.33
Perino et al.34
Jablonowska et al.35
26

n

IVIg Started

Selection

Outcome Benefit (p < 0.05)

157
95
35
47
39
64
34
58
46
41

Preconception
Preconception
Preconception
Preconception
Preconception
Postconception
Postconception
Postconception
Postconception
Postconception

Immune testing
Ob history
Immune testing
Immune testing
Ob history
Ob history
Ob history
Ob history
Ob history
Ob history

Yes
Yes
Yes
Yes
No
No
No
No
No
No

Ob: Obstetric.

TABLE 29.2
Summary of Published Meta-Analyses of Efficacy of Intravenous Immunoglobulin (IVIg) for Treatment of
Unexplained Recurrent Reproductive Failure
Study
Hutton et al.38
Daya et al.39
Ata et al.40
Clark41
Li et al.42

No. Trials
8
6
6
5
10

No. Patients
442
240
272
210
8207

OR (95% CI)
Overall

OR (95% CI)
Primary Ab

1.28 (0.78–2.10)
1.08 (0.63–1.86)
0.92 (0.55–1.54)

0.66 (0.35–1.20)
1.04 (0.54–2.01)
0.67 (0.32–1.39)

OR (95% CI)
Secondary Ab
2.71 (1.09–6.77)*
1.18 (0.43–3.21)
1.15 (0.47–2.84)
2.10 (1.06–4.49)*

1.62 (1.24–2.1)*

OR: odds ratio; CI: confidence interval; Ab: aborters. *p < 0.05.

took into account the pregnancies lost as a result of chromosomal abnormalities.29 Approximately
70% of the pregnancies lost in the clinical trials including all unexplained pregnancy losses would be
expected to have chromosomal or other nonimmunologic abnormalities that would not be corrected by
IVIg.36 Furthermore, it has also been shown that some brands of IVIG can be as much as eight times
less potent in suppressing NK cells than others (that were used in “negative” trials).37
The aforementioned clinical trials have been included in four published meta-analyses summarized in
Table 29.2.38–41 None of the meta-analyses showed benefit of treatment with IVIg for primary aborters.
Two of the analyses demonstrated significant benefit for only secondary aborters (Table 29.2) (39 = 8.40).
None of the studies included in the meta-analysis selected patients for inclusion based on immunologic
testing. All were included based on reproductive history alone. How can the effect of an immunomodulatory treatment be evaluated if the subjects receiving the treatment were not determined to have any detectable immune abnormalities that would merit their inclusion into the study? The sample size required to
show an effect would depend on the prevalence of immunologic problems among the unselected patients.
Indeed IVIg was shown to increase the success rate in patients undergoing IVF for treatment of unexplained infertility based on meta-analysis with a sample size of over 8000 patients.42 A number of clinical
trials have demonstrated increased live birth rates after treatment with IVIg when patients are selected
based on immunologic testing provided treatment is given prior to conception.3,11,26,36,37

Alternative Treatment to IVIg in Patients with Elevated NK Cells
As IVIg has been associated with significant cost and potential side effects, an alternative treatment has
been sought. Evidence from both animal43 and human36,44,45 studies suggest that intralipid administered
intravenously may enhance implantation and maintenance of pregnancy. Intralipid is a 20% intravenous
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fat emulsion used routinely as a source of fat and calories for patients requiring parental nutrition. It is
composed of 10% soybean oil, 1.2% egg yolk phospholipids, 2.25% gylcerine, and water. Intralipid has
been shown to decrease NK cytotoxicity both in vitro44 and in vivo.45 While the mechanism by which
intralipids suppresses NK function is not known, effects of fatty acids have been demonstrated to be
mediated through receptors such as peroxisome proliferator-activated receptors (PPARs),46 G-proteincoupled receptors47 and CD1 receptors.48 Furthermore, intralipids have been shown to stimulate the
reticulo-endothelial system and remove “danger signals” that can lead to pregnancy loss.49 Sedman
et al.50 have found a significant fall of NK activity and lymphokine-activated killer activity after total
parenteral nutrition regimens with long-chain triglycerides. Parenteral fat emulsions are known to accumulate in macrophages and to impair various functions of macrophages and those of the reticuloendothelial system. It was shown that the administration of fat emulsion, intralipid 20%, to recipient mice
can suppress NK cell activity, probably through the impairment of macrophage function.51
When the pregnancy outcomes of women with a history of reproductive failure and elevated NK cell
cytotoxicity treated with intralipid were compared with age and indication matched women treated with
IVIg, no significant differences were seen.36 The overall livebirth/ongoing pregnancy rate per cycle of
treatment was 61% for women treated with intralipid and 56% with IVIg.36 The appeal of intralipid lies
in the fact that it is relatively inexpensive and is not a blood product.

Conclusion
IVIg is effective treatment for women experiencing recurrent pregnancy loss, if the patients who are
treated actually have a condition that IVIG is expected to correct, as evidenced by immunologic testing. Patients not demonstrating an immunologic risk factor are not expected to respond to IVIg therapy.
Intralipid is an alternative treatment in women experiencing recurrent pregnancy loss who express elevated NK cell cytoxicity as live birth rates are the same following treatment.
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Debate: Should Immunotherapy Be Used?
Granulocyte Colony Stimulating Factor—Yes
Fabio Scarpellini and Marco Sbracia

Introduction
Cytokines and growth factors, produced by trophoblast and endometrial immune-cells, are involved in
implantation and pregnancy development.1 These substances play a relevant role in regulating trophoblast cell growth and migration, as well as trophoblast differentiation, promoting its invasiveness and
decreasing its survival rate. In order to balance these functions, a large number of cytokines and growth
factors are involved in regulating the paracrine and autocrine mechanisms of trophoblast-decidual cell
crosstalk.2 Some of these proteins have been thoroughly investigated and colony stimulating factors
(CSFs), macrophage colony stimulating factor (M-CSF or CSF1), granulocyte-macrophage stimulating
factor (GM-CSF or CSF2), and granulocyte colony stimulating factor (G-CSF or CSF3) have gained
particular interest due to their possible use in the treatment of reproductive disorders.
The CFSs are a group of glycoproteins that bind to specific receptors on hemopoietic stem cells,
promoting cell proliferation and differentiation into macrophages and granulocytes. They show different structures and gene location, and also have different receptors. M-CSF is a cytokine of 554 amino
acids with a molecular weight of 60,179 kDa, the gene is located on the short arm of chromosome 1,
region 1p13.3.3 It binds to a specific receptor, the M-CSFR or CD115, encoded by a gene located on
the long arm of chromosome 5, region 5q32; this gene codes for a protein of 972 amino acids and is
107,984 kDa in molecular weight, a receptor related to the tyrosin kinase protein family.4 M-CSF is a
hematopoietic growth factor that is involved in the proliferation and differentiation of monocytes, macrophages, and bone marrow progenitor cells, and is involved in bone reabsorption.5 GM-CSF is a protein of 14,435 kDa in molecular weight, consisting of 144 amino acids, encoded by a gene located on the
long arm of chromosome 5, region 5q31, in a cluster of genes associated with the 5q-syndrome and acute
myelogenous leukemia.6 GM-CSF binds to a specific receptor, the GM-CSFR or CD116, whose gene is
located in the Xp22.32 and Yp11.3 regions encoding for a protein consisting of 400 amino acids and is
46,207 kDa in molecular weight.7 GM-CSFR consists of two subunits, α and β chain, phosphorylated
by one of the JAK family. G-CSF is a glycoprotein of 174–180 amino acids long and with a molecular
weight of 19,600 kDa: its gene is located on the long arm of chromosome 17, region 17q11.2-q12.8 It
binds to a specific receptor, the G-CSF R or CD114, encoded by a gene on the short arm of chromosome
1 region 1p35–34.3, a protein 836 amino acids long and of 92,156 in molecular weight.9 GCSF-R is
associated with signal transduction through the JAK-STAT3 pathways. G-CSF stimulates bone marrow
to produce granulocytes and stem cells released into the bloodstream.
All CSFs are involved in the reproductive process from ovulation to implantation and pregnancy.
M-CSF and its receptor are expressed in the human endometrial epithelium and in the placenta.10,11 It is
expressed in follicular fluid and lactating mammary glands in both humans and mice.12,13 This cytokine
seems to be involved in the pathogenesis of endometriosis.14 GM-CSF and its receptor have been found
expressed in human trophoblast cells and in the decidua and human endometrium.15,16 GM-CSF stimulates trophoblast growth and hCG production, whereas null mutant mice for GM-CSF showed aberrant
placental development.17 Preimplantation embryos express the GM-CSF receptor, and culture medium
for embryos supplemented with GM-CSF has beneficial effects on embryo development.18 G-CSF and
its receptor have been found on trophoblasts and in the decidua of several mammals, including human
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placenta.19,20 An anti-abortive role has been demonstrated for G-CSF in the animal models, and its
depletion is indirectly involved in miscarriages.21,22 It has also been shown that G-CSF has a positive
effect on trophoblast metabolism.23 Furthermore, G-CSF is secreted in follicular fluid and its levels correlated with oocyte competence and the implantation potential of corresponding embryos.24

G-CSF and Recurrent Miscarriage
We have evaluated the role of G-CSF in early pregnancy and its use in the treatment of recurrent miscarriage (RM) and recurrent implantation failure (RIF).25,26 More than 40% of RM cases remain unexplained27 and for them several causes have been proposed, including the allo-immune response. RM
could be due to an imbalance in the Th1/Th2 systems, with a preponderance of Th1 cytokine production
instead of Th2 cytokine production (with an immuno-suppression role).28 Several treatment modalities
have been proposed for RM, but all have showed controversial results.29
We started using G-CSF in RM in 1997, successfully treating a woman after five consecutive miscarriages. We used this treatment in several other women with encouraging results. The results of a pilot
study were first presented in 1998 at the Annual ASRM Meeting. We followed up with a randomized
controlled study, the results of which were published in 2009.25 We selected a group of patients fulfilling these inclusion criteria: age <39 years, more than four previous miscarriages, failure of previous
treatments for RM, and they had to be negative for all of the known causes of RM, including normal
karyotyping of embryonic tissues in the previous miscarriage. Sixty-eight patients were included in the
study: 35 women underwent daily administration of recombinant G-CSF (Filgastrim) 1 µg (100,000
IU)/kg/day from the sixth day after ovulation until the occurrence of menstruation or to the end of 9
weeks of gestation. The control group consisted of 33 subjects who were treated with saline solution.
The live births in women treated with G-CSF were 82.8%, whereas in the controls they were 48.5%
(p = 0.0061). The number of patients needed to treat for one additional live birth was 2.9. None of the
newborns showed any major or minor abnormalities. This study showed that G-CSF is a promising
tool for the treatment of selected cases of RM. The use of G-CSF during pregnancy is safe since in our
experience as well as in the literature no adverse effects have been reported.30,31
Subsequently data have been reported on the use of G-CSF in women with RIF, showing good results
in an uncontrolled study.26 G-CSF seems to increase the chance of pregnancy in patients with RIF.
Therefore, we have started a controlled trial on RIF patients that is due to terminate in 2014. The preliminary data seem to be encouraging (presented at the ASRM Annual Meeting in 2011). Other investigators are also assessing G-CSF in RM and RIF, and a multicenter controlled trial is required in order
to establish the potential of G-CSF, and in which patients it may be beneficial.
There is circumstantial evidence regarding the interaction of G-CSF with the trophoblast and immune
system. G-CSF activates and mobilizes stem cells; it is used to increase the number of stem cells after
organ transplant, or to activate the reconstruction of the vascular bed after heart ischemia, and in neurology, to treat patients with severe degenerative diseases. In our study we observed a significant increase
of β-hCG levels in the ongoing pregnancies from the fifth through the ninth gestational week in G-CSF
treated pregnancies compared to normal pregnancies.25 These data show a direct effect of this G-CSF
on the trophoblast, with the mobilization and activation of placental stem cells. Another mechanism of
action may be the effect of G-CSF on lymphocytes, several studies have shown that G-CSF promotes
the mobilization and proliferation of several lymphocyte and dendritic cells, in particular Treg and
DC2 cells.32,33 Our unpublished data show that women with RM treated with G-CSF had a remarkable increase of peripheral blood levels of Treg cells compared to normal pregnancy. Furthermore, in
women with RM treated with G-CSF who subsequently miscarried again due to embryonic aneuploidy,
there was still an increase of Treg cells in the decidua compared to the controls. These data suggest that
G-CSF may mobilize stem cells and immune cells enhancing trophoblast function.

Conclusion
In the evaluation of the effectiveness of any treatment in RM there are several difficulties: several
factors play a confounding role, maternal age, number of previous miscarriages, and the causes of
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previous miscarriages. Additionally, the incidence of embryo aneuploidy increases with maternal
age.27,34 Furthermore, it has been shown that the spontaneous resolution of RM occurs in 40–60% of
cases, depending on the number of previous miscarriages.30,31 A controlled randomized study is now
required, which accounts for these covariates. Such a study would need to recruit a large number of
patients, and would need to be multicenter.
Although there are effective treatments for RM with clear immunologic origin, such as in antiphospholipid syndrome, where heparin plus aspirin is generally used for treatment,34 in idiopathic RM there
is no evidence of effective treatment. In these cases, G-CSF may be effective, even though more studies
are needed to confirm the effectiveness of this treatment in idiopathic RM.
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The investigation and treatment of women with recurrent miscarriage (RM) has historically been based
on anecdotal evidence, personal bias of physicians, and the results of small uncontrolled studies.1 This
has led to the situation where women have been subjected to treatments of no proven benefit, some of
which have subsequently been demonstrated to be harmful.2 This is unacceptable. Indeed, in the current
climate in which patient demands and expectations for a “treatment/cure” of their reproductive failure
is ever increasing, it is incumbent upon clinicians to reject previous practice and embrace an evidencebased approach to the management of RM.
The concept of immune dysfunction as a basis for miscarriage is an attractive one. Whilst pregnancy
has traditionally been viewed as a battle between the semi-allogenic fetus and the mother, in which the
fetus and surrounding trophoblast have to evade an immune response if that response is not suppressed,
an immune attack on the pregnancy has never been demonstrated. From an evolutionary viewpoint, it
seems that the maternal immune cells and trophoblast cooperate rather than compete.3 Indeed, there is
no evidence of a classic graft versus host response in pregnancy. It is now recognized that pregnancy
itself is not an immune-suppressed state but one in which the maternal immune system is modulated
without suppression.
Much of the data pertaining to immune responses to the trophoblast have been obtained from murine
models, and the same mechanisms have been assumed to be relevant in humans. Although the modulation of the immune system into a cooperative response probably developed once in the evolution of
mammalian reproduction, there may be wide differences in the subsequent development of immune
modulation in different orders of mammals. Therefore, caution has to be applied to the extrapolation of
data from murine pregnancies to the human. Additionally, the observed immune aberrations in pregnancy failure may be a consequence rather than the cause of pregnancy loss.
Regardless, immunotherapy has been introduced into clinical practice, as a treatment for RM based
on the hypotheses that either alloimunity or autoimmunity is responsible for pregnancy failure. In order
to critically evaluate the use of paternal or third party white cell immunization (active immunization),
intravenous immunoglobulin (passive immunization), or cytokine modulation as treatment for RM, it is
necessary to examine the rationale for their use, and the results which are currently available.

Rationale (or not) for Immunotherapy
Paternal White Cell Immunization
There have been a number of concepts suggested to explain the mechanism of action of active immunization; none have stood the test of thorough investigation. The first concept of an alloimmune basis
for RM was based on an increased sharing of human leukocyte antigens (HLA) between both partners
that prevents the maternal production of a “blocking” antibody that protects the fetus against immunological attack.4 Women with successful pregnancies were thought to produce this “blocking” antibody
and those whose pregnancy ends in miscarriage do not. White cell immunization has been reported to
induce production of the “blocking” antibody.5 However, the “blocking antibody” hypothesis has never
been validated and an increased sharing of HLA Class I alleles between partners has been refuted in
a number of articles and in the meta-analysis of Beydoun et al.6 Further, (a) production of “blocking”
265

266

Recurrent Pregnancy Loss

antibody is usually not evident until after 28 weeks of gestation and may disappear between pregnancies7; (b) miscarriage occurs despite the presence of “blocking” antibody8,9; and (c) women who exhibit
no production of “blocking” antibodies do experience successful pregnancies. Leucocyte immunization
has also been reported to reduce natural killer cell numbers,10 and modulate cytokine levels in favor of
a Th-2 response. These mechanisms have also not been confirmed in large studies and have not been
shown to be relevant to human pregnancies.

Intravenous Immunoglobulin (IVIg)/Intralipid
Current concepts on the etiology of RM focus on autoimmune mediated pregnancy loss (such as
antiphospholipid syndrome); natural killer (NK) cells; a disordered cytokine balance at the feto-maternal interface; Th-17 cells; and the role of T regulatory cells. IVIg has a number of immuno-modulatory
effects on cytokine production, antigen neutralization, Fc receptor blockade, alteration in the distribution and function of T-cell subsets, antibodies, and autoantigens that may potentially ameliorate a dysregulated immune response causal of pregnancy loss. However, the role of autoantibodies, apart from
antiphospholipid antibodies, in the pathogenesis of RM is unproven.2
The relationship between peripheral blood NK (PBNK) cells and reproductive failure is one of the
most controversial fields in reproductive immunology. The levels and activation of NK cells is dependent on other variables such as whether whole blood or fractionated mononuclear cells are used in the
assay, the time of day a sample is taken, whether any physical exercise has been performed, the parity
of the patient, and whether the samples have been previously frozen.11–15 Different NK assays have also
been employed and results may vary depending on whether the chromium-51 release cytotoxicity assay
or CD69 expression is assayed. Importantly, it is not known which in vitro assay most accurately reflects
in vivo function, and indeed what biological relevance such activity has. Furthermore, it is unclear what
an abnormal NK cell number is. Whilst traditionally a peripheral NK cell level greater than 12% of all
lymphocytes has been regarded as the cut-off between a raised and a normal level,16 this figure is well
within the normal range (up to 29%) published by others.17 Hence, individuals with entirely normal
results are being labelled as have raised NK cell numbers. A fascinating study has cast further doubt
on the validity of PBNK cell testing in women with RM.18 The authors reported that immediately after
insertion of an intravenous cannula for blood withdrawal, women with RM show an increased proportion of NK cells within lymphocytes, elevated blood NK cell concentrations and augmented NK activity
per milliliter of blood compared to control women who have no known fertility problems. However,
these differences disappear after 20 minutes, when blood is drawn again from the same cannula. The
authors concluded that the elevated NK indices previously observed in women with RM are due to a
transient increase in NK cell numbers, rather than a chronic state.
Despite the above caveats and amidst much publicity, PBNK cell testing is being promoted as a useful
diagnostic test to guide the initiation of a variety of immunosuppressive therapies amongst patients with
either recurrent miscarriage or infertility. Indeed, several small observational studies reported enhanced
PBNK cell activity with subsequent failure to conceive or miscarry.16,19–24 However, the largest single
observational study of 552 women with a history of between two and six miscarriages reported that
PBNK cell cytotoxic activity was not correlated with subsequent pregnancy outcome and a meta-analysis of 22 studies reported no relationship between either PBNK cell numbers or activity and pregnancy
outcome25
Uterine natural killer cells (uNK), which are phenotypically and functionally different to PBNK
cell, and the numbers of which are maximal during the window of implantation are perhaps of more
interest. Whilst intra-cycle variation in uNK cell numbers has been documented,26 several studies have
reported that women with RM have a raised uNK cell level.27–29 The largest reported prospective study
reported no correlation between uNK cell numbers and pregnancy outcome.27 In addition, a prospective randomized study designed to assess the efficacy of prednisolone suppression of “raised” uNK cell
numbers reported no significance in live birth rate between those treated with prednisolone compared
to those receiving placebo.29 Is this surprising? Perhaps not. It is clear that interactions between HLA-C
and killer-immunoglobulin-like receptors (KIR) on decidual NK cells can influence the success of early
pregnancy events after implantation has occurred.30 Both genetic and functional studies support the
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view that in fact, activation of decidual NK cells by MHC ligands on trophoblast has beneficial effects
on pregnancy outcome.30
As an alternative to IVIg, intralipid, which is a 20% intravenous fat emulsion is usually used and consists of soybean oil, as well as egg yolk phospholipids, glycerin, and water, has been introduced into the
clinical arena. A single small non-randomized study, presented only in abstract form, reported a 50%
pregnancy rate and 46% clinical pregnancy rate amongst women with recurrent implantation failure
who had an elevated TH1 cytokine response. There are no published results in RM. The mechanism
by which intralipid modulates the immune system is still unclear. It has been proposed that fatty acids
within the emulsion serve as ligands to activate peroxisome proliferator-activated receptors expressed
by the NK cells. Activation of such nuclear receptors has been shown to decrease NK cytotoxic activity,
enhancing implantation.31 Clearly large randomized studies are needed.32

Efficacy of Immunotherapy
The patient with RM is interested in the results regarding her subsequent pregnancy rather than the theoretical basis. If the results of treatment show evidence of effect, the mechanism will eventually be clarified. However, it is important that when evaluating the effect of any intervention proposed as a treatment
for RM to be cognizant of the fact that the two most important determinants of the outcome of a particular pregnancy are the mother’s age and the number of miscarriages she has previously experienced. The
rate of sporadic fetal aneuploidy is in the region of 50% amongst women between 40 and 44 years of age,
rising to 75% amongst those older than 45 years. On the basis of a 15% clinical miscarriage rate, 35%
of women with three consecutive miscarriages will have done so purely by chance alone. Amongst such
women aged less than 39 years, a live birth rate of between 65% and 70% with supportive care alone can
be expected.33 However, 30–35% of women with a recurring cause will miscarry again. It is against this
high spontaneous resolution rate that the efficacy of any putative treatment for RM has to be judged. It
has been claimed that immunotherapy may be effective in certain subgroups of women with RM, rather
than in all women with RM as a whole. However, these subgroups have not been well defined.

Paternal White Cell Immunization
A number of studies have examined the efficacy of paternal white cell immunization as a treatment for
RM. These studies, which have used differing methodologies, entry criteria and analyses, have reported
conflicting results. The largest study (183 women), which was a double-blind, multicenter, randomized
clinical trial, reported that on an intention to treat basis, the success rate was 36% in the treatment
group versus 48% in the control group (odds ratio [OR] 0.60; 95% confidence interval [CI] 0.33–1.12).34
If analysis was restricted to only those who conceived, the corresponding success rates were 46% with
immunization but 65% with placebo saline injections (OR 0.45; 95% CI 0.22 0.91), suggesting that
immunization may increase the rate of clinically recognized pregnancy loss. Partly on the basis of this
large study and the lack of scientific validity underlying paternal white cell immunization, the FDA
issued guidance in 2002 highlighting the lack of efficacy of this treatment and reminding clinicians that
it should only be offered in the context of therapeutic studies and will require investigational new drug
approval (http://www.fda.gov/CBER/ltr/lit013002.htm) for use in the U.S.
The conclusions of several published meta-analyses have also been conflicting. A Cochrane review
published in 2006, based on 12 trials (641 women), reported an OR of 1.23 (95% CI 0.89–1.70) amongst
those administered paternal white cells compared with controls.35 Intention to treat analysis did not
result in a significant difference between treatment and controls (4 trials; 350 women; OR 1.35; 95% CI
0.89–2.05).

Intravenous Immunoglobulin
Studies using IVIg have used different preparations, doses, starting times, frequency and duration of
administration. In addition, differing entry criteria have been used. Some studies included those with
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an auto-immune disturbance only, whilst others have included those with “unexplained” RM. Hence, at
present, the only reasonable basis for assessment of the efficacy of IVIg as a treatment for RM would
be to examine the results of meta-analyses. The Cochrane review35 reports that irrespective of whether
analysis is performed on an intention to treat basis (OR 1.18; 95% CI 0.72–1.93) or not (0.98; 0.61–1.58),
IVIg does not improve pregnancy outcome amongst women with RM. The results of this analysis are
supported by two more recent publications that report, irrespective of the dose of IVIg, the time of
administration (prepregnancy, early pregnancy) or whether primary or secondary recurrent miscarriage
is examined, IVIg administration is not associated with an increase in the live birth rate.36.37

Other Immunomodulators
Other agents have also been used to try to improve the live birth rate in RPL. G-CSF and anti-TNF-α
agents are two examples. There is one trial of G-CSF and none on anti-TNF-α agents. Trials have
to be performed and evidence needs to accumulate before any other agents can be recommended for
routine use.

Conclusion
The lack of scientific rationale for immunotherapy has not stopped its introduction into clinical practice.
However, despite the limitations of meta-analyses, the use of either paternal white cell immunization or
IVIg as a treatment for RM has not been shown to be of benefit. The use of these immunomodulatory
agents should be resisted until adequately powered prospective randomized placebo controlled studies
in defined populations of those with a specified immune disturbance have been conducted.
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Autoimmunity and Recurrent Pregnancy Loss
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Introduction
The aim of this chapter is to review the recent literature on the relationship between autoimmunity and
pregnancy losses, whether in the first trimester, presenting as miscarriage, or second or third trimester
intrauterine fetal death. Many autoantibodies are associated with reproductive failure but it is often
unclear if the antibody is pathognomonic or not. In order to cause pregnancy loss, the autoantibody
must react with a placental antigen. Some autoimmune diseases such as systemic lupus erythematosus
(SLE), antiphospholipid syndrome (APS), diabetes mellitus, thyroid diseases, Crohn’s disease, and other
inflammatory bowel diseases have antibodies that are associated with pregnancy losses. In other cases,
there may be autoantibodies against all stages of reproduction, but they are unrelated to autoimmune
disease. Some of these antibodies have been associated with failure to conceive, such as anti-ovarian
antibodies, anti-sperm antibodies, anti-endometrial antibodies, which are found in endometriosis, and
anti-zona pellucida antibodies. Other antibodies may attack the trophoblast. Monoclonal antiphospholipid antibody reacts with human trophoblast, releasing apoptotic microparticles. Apoptosis of the cell
membrane exteriorizes phospholipids such as phosphatidyl serine on the microparticles. Consequently,
antiphospholipid antibodies (aPL) may be raised to phosphatidyl serine. Phosphatidyl ethanolamine is
expressed by the trophoblast and may be an antigen for anti-phosphatidyl ethanolamine antibodies. If
the trophoblast is the object of autoimmune activity, the fetus will later succumb, presenting as pregnancy loss. At later stages, IgG autoantibodies may cross the placenta and attack the embryo or fetus
itself. Anti-Ro antibodies may act on the conducting system of the fetal heart leading to fetal heart
block. Anti-laminin and anti-fibronectin antibodies may act against the cytoskeleton of the developing
embryo. However, the association with pregnancy loss remains to be elucidated.
A combination of antibodies may be more relevant than one single antibody1 and autoimmune conditions may be associated with a polyclonal pattern of antibodies rather than a monomorphic presentation.2
Antiphospholipid antibodies (anticardiolipin, antiBeta2glycoprotein I, antiprothrombin, antiphosphatidylserine, and anytiphosphatidylethanolamine), which are strongly associated with pregnancy loss, are
covered elsewhere in this book, and will not be discussed at length here. Many women with pregnancy
loss carry several immunological disturbances related to1 an increased predisposition to breakdown of
immunological autotolerance and inflammatory responses and2 dysregulation of the maternal immune
response to specific fetal or trophoblast antigens.3

Autoimmune Mechanisms in Pregnancy
The adaptations of the immune responses to pregnancy are described in Chapter 27. Below is a brief
outline, with emphasis on the changes occurring in autoimmunity.

Cytokine Balance
Cytokines play an important role in the maintenance of pregnancy by modulating the immune and
endocrine systems. A full account of the immunobiology of pregnancy and pregnancy loss is given in
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Chapter 27. Briefly, a correct balance between proinflammatory (Th-1) and antiinflammatory cytokines
(Th-2) is thought to be essential for the continued development of pregnancy. The trophoblast when
stimulated by progesterone produces interleukin (IL)-4 and IL-10 which induce Th0 cells to differentiate into TH2 cells in the decidua. The Th2-derived cytokines, IL-4 and IL-6, induce hCG release by
the trophoblast. hCG stimulates the corpus luteum to secrete progesterone.4 The balance between Th1/
Th2 cytokines might be regulated by natural killer (NK) T cells in the decidua. The hormone hCG prevents apoptosis of the corpum luteum, thereby maintaining progesterone production and release of Th2
cytokines in a cytokine mediated cross-talk between the maternal endocrine system, decidua, immune
system, and trophoblast.
Women with recurrent miscarriage are thought to produce higher concentrations of Th1 cytokines
than parous women. This mechanism is thought to explain why approximately 70% of women with
rheumatoid arthritis, which is a TH1 mediated disease, have a temporary remission of symptoms during
pregnancy. SLE, however, which is a TH2 mediated disease, tends to relapse.

Natural Killer Cells
The number of endometrial granulated lymphocytes (EGLs) expressing some NK-markers, such
as CD56, but not others such as CD16, CD57 increase in the late secretory stage, and account for
70–80% of decidual lymphocytes in the first trimester of pregnancy.4 Decidual NK cells (uNK) are
not cytolytic but produce interferon-γ (IFN-γ), which activates decidual macrophages. uNK cells may
have critical functions in pregnancy by promoting appropriate vascularization of the implantation site
and affecting placental size.5 Th2 cytokines may influence uNK cells to prevent them from attacking
the trophoblast. Th1 cytokines, however, such as IL-2 and IFN-γ, may induce NK killing activity. If
activated, uNK may become cytotoxic and, as peripheral NK cells, attack the pregnancy, presenting
as miscarriage.6
The preimplantation uNK cell density is higher in women with recurrent miscarriage. It has been
reported7 that IL-6 and IL-8 secretion from decidual uterine NK cells and macrophages, isolated from
women with spontaneous miscarriage, is reduced compared to normal controls. IL-6 and IL-8 may play
a role in spiral artery remodelling, failure of which may be associated with miscarriage. The proportions of immunosoppressive NK subset (NK3 and NKr1) are suppressed in miscarriages compared to
normal pregnancy. Progesterone, prolactin, HCG, and soluble HLA-G1 could contribute to fetal tolerance by inducing the production of immunosoppressive NK subsets.8

Toll-Like Receptors (TLRs)
TLRs play a role in determining Th1/Th2 balance: their activation promotes a TH1 dominated
immune response and inhibits TH2 cytokine production. Overexpression of TLR3 in the decidua
can cause uNK activation and it might be correlated with pregnancy failure. A recent sutdy9 demonstrated abnormally high TLR3 expression in patients with unexplained recurrent spontaneous
miscarriage compared to a control group of healthy patients undergoing elective termination of
pregnancy. Decidual NK cells promote immune tolerance and successful pregnancy by dampening
inflammatory Th17 cells via IFN-γ secreted by the CD56 bright CD27+ NK subset. This response
seems to be lost in patients with RM leading to a prominent Th17 response and extensive local
inflammation.10

Autoantobodies and NK
A recent study11 determined that women with reproductive failure who tested positive for autoantibodies
(antiphospholipid and thyroid peroxidase antibodies) have the same uNK cells number that women who
tested negative for these antibodies, hence the presence of autoantibodies does not to appear to affect
the number of uNK cells in the endometrium around the time of implantation. However, increased numbers of NK cells are found in the peripheral blood in APS with pregnancy loss.12

Autoimmunity and Recurrent Pregnancy Loss

273

Th1/Th2 and Cytokine Genotypes
Some studies suggest that the immunogenetic profile indicative of imbalance of Th2 cytokines is associated with pregnancy loss. Costeas et al.13 have demonstrated that women with high abortion rates have
distinct immunogenetic profiles, different to those in women with successful pregnancies. Additionally,
IL-10 promoter gene polymorphisms are pivotal regarding pregnancy maintenance or loss.7,14,15 Elevated
concentration of IFN-γ have been observed in women with recurrent pregnancy loss (RPL), and consequently, the IFN-γ T/T genotype associated with higher IFN-γ production could be a risk factor for
RPL.15

GM-CSF
Granulocyte-macrophage colony-stimulating factor (GM-CSF) plays an important role in Th1/Th2 balance as it stimulates the production of prostaglandins, tumor necrosis factor (TNF), IL-1, plasminogen
activator and IL-6. Perricone et al.16,17 found that women with RSA have significantly lower levels of
GM-CSF.

Alloantibodies
At an early stage of pregnancy, alloantibodies are produced to paternal antigens in response to fetal
antigens.18 Their role in pregnancy maintenance is still unclear. On this basis, Beaman et al.19 proposed
a potential algorithm of assays to be performed to assess cause of recurrent miscarriage of immunological origin.

Autoantibodies
The presence of autoantibodies, such as anticardiolipin antibodies, antinuclear antibodies (ANA),
and anti-double strand DNA antibodies, have often been reported in women with pregnancy loss
even without overt autoimmune disease. However, these antibodies are also found in women with
normal pregnancies.3,20 In 2006, Shoenfeld et al.21 published a study on the association between autoantibodies and reproductive failure. The authors assessed a number of autoantibodies in four groups
of women: with autoimmune diseases, infertility, RPL, and controls. All patients were tested for
the following antibodies: aPL, annexin-V, lactoferrin, thyroglobulin (TGG), thyroid peroxidase, prothrombin, ANA-Hep2, and anti-saccaromycetes cerevisiae (ASCA). The only antibodies found to be
significantly higher in RPL patients than controls were ASCA, aPL, and anti-prothrombin antibodies.
Anti-prothrombin antibodies and aPL were more prevalent in late pregnancy losses, ASCA antibodies
had an equal prevalence in both early and late losses. Anti-prothrombin antibodies were associated
with secondary aborter status, but not with primary aborter status. This might indicate that antibodies
may be acquired after a first pregnancy, in which after embryonic death and apoptosis of the trophoblast membrane leads to externalization of phospholipids that can bind to prothrombin. ASCA was
also associated with RPL in this study. ASCA antibodies can predict Crohn’s disease development
many years in advance.22

Antinuclear Antibodies
ANA positivity is a typical feature of many autoimmune diseases like SLE, but ANA can also be
detected in healthy people. The possible role of ANA in reproductive disorders is largely undetermined,23 and the relationship between ANA and RM remains controversial. However, ANA and antibodies against single- and double-stranded DNA (ssDNA, dsDNA) appear to be increased in about
35% of women with RSA, while their percentage is less than 10% in fertile women with no abortion
history. However, Shoenfeld et al.21 found a significantly increased frequency of ANA positivity only
in RM women with autoimmune disease but not in RM women without autoimmune disease compared
to controls. Antibodies against histones or non-DNA nuclear components (Sm, RNP, SSA, SSB, Scl70)
are also found in some of these women.24 The presence of ANA has been associated with increased
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inflammation around the placenta, inducing an environment that does not enhance the “acceptance”
of the embryo. In these cases, anti-inflammatory prevention therapy with corticosteroids has been
reported, but remains controversial.25

Anti-Ro/SSA and Anti-La/SSB
Patients positive for these antibodies have a 1–2% risk of congenital complete heart block (CHB) that
can lead to fetal cardiac failure and intrauterine fetal death.26–28 Some authors stated that this risk is as
high as 55% when maternal hypothyroidism is associated to anti-Ro antibodies.29,30 The Ig G isotype
can cross the placenta from about 16 weeks of pregnancy and bind to cardiac cells. The antibodies
seem to be responsible for impaired clearance of apoptotic cardiocytes. Once complete fetal heart
block develops it is irreversible and leads to significant morbidity and potential mortality for the fetus.
In pregnant patients with previous CHB, there is a 16% risk of recurrence. Therapy with fluorinated
corticosteroids, such as dexamethasone or betamethasone, does not seem to be effective.31,32 The recommended treatment for prophylaxis is low-dose intravenous immunoglobulin (IVIg),33 which has
been demonstrated not to be effective in reducing CHB and maternal antibody levels. Recent studies34,35 have reported that hydroxycloroquine therapy may lower the incidence of cardiac complications
in patient with antiRo antibodies.

Autoimmune Diseases
A Danish study published in 200836 reported that women with some immunological disorders (SLE,
hyper and hypothyroidism, inflammatory bowel disease (IBD) and type 1 diabetes mellitus) have a
higher risk of miscarriages. The risk of pregnancy loss increases after a diagnosis of autoimmune disease and this may be related to the breakdown of autotolerance and the predisposition to an increased
inflammatory response. High plasma TNF-α levels have been reported to increase the risk of a subsequent miscarriage in women with previous pregnancy losses37 and the plasma of women with euploid
miscarriages have significantly higher levels of pro-inflammatory cytokines (TNF-γ, IFN-γ, and IL-6).38
In many autoimmune diseases, a deficiency of mannose binding lectin (MBL) correlates with more
rapid progression due to an increased inflammatory response related to impaired clearance of apoptotic
cells and immune complexes.3

Thyroid Disease: Antithyroid Antibodies
Thyroid autoimmunity (TAI) is the most common autoimmunity affecting 5–20% of normal pregnant
women. Thyroid autoantibodies (ATA) have been suggested to be independent markers of “at-risk”
pregnancy even with euthyroid status. Although the mechanism whereby ATA affects pregnancy is not
known, TAI seems to be related to a Th1-cell-mediated autoimmune reaction. Anti-thyroid antibodies may reflect a predisposition for an underlying autoimmune disease, rather than overt thyroid hormone abnormalities, (as seen in Hashimoto’s thyroiditis).1 Recently, Twig et al.22 have described that
ATA exert their effect in both a thyroid stimulating hormone (TSH)-dependent and TSH-independent
manner. The latter involves quantitative and qualitative changes in the profile of endometrial T-cells,
which results in the reduced secretion of IL-4 and IL-10 together with the hypersecretion of IFN-γ.
The suggestion is supported by the coexistence of ATA with nonorgan specific autoantibodies as well
as with the increase and hyperactivity of cytotoxic NK cells in habitual aborters.39 Hence, it has been
suggested that ATA represent a generalized activation of the immune system (possibly a T-lymphocyte
dysfunction), as they are found to coexist with activated T-cells in the uterus.40 Additionally, thyroid autoimmunity frequently occurs concurrently with other autoimmune diseases such as SLE and
Sjogren syndrome.22
Euthyroid women with TAI before pregnancy may develop overt hypothyroidism during pregnancy
because of the increase in thyroid binding globulin (TBG), consequent decrease of FT4 and a compensatory TSH increase due to high estrogen and hCG levels.17 TSH levels higher than 2.5 mIU/L in the
first trimester double the risk of pregnancy loss, but not of preterm delivery, compared to women with
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lower TSH levels.30,41 TSH has costimulatory activity for NK cells,42 Consequently, the high rate of miscarriage may be related to a very mild thyroid “underfunction,” in addition to autoimmune mechanisms,
with the thyroid gland being less able to adapt to the increased requirements of pregnancy.
Some authors have reported a higher prevalence of anti-thyroid antibodies against either thyroglobulin (TG) or thyroid peroxidase (TPO) in women with miscarriages. Additionally the probability
of abortion in women with ATA has been reported to be 10–32% versus 3–16% in controls.40,43,44
However, other authors21 have found no association between anti-thyroid antibodies and recurrent pregnancy losses. TGG antibodies also seemed to be more closely related to late pregnancy losses. In 2011,
a meta-analysis45 investigated the presence of anti-TPO and its relation to recurrent miscarriage and
preterm birth. The meta-analysis included 30 articles with 31 studies (19 cohort and 12 case-control)
involving 12,126 women. The presence of maternal thyroid autoantibodies was strongly associated
with miscarriage and preterm delivery. Two randomized studies44,46 evaluated the effect of treatment
with levothyroxine on miscarriage. Both showed a fall in miscarriage rates, and meta-analysis showed
a significant 52% relative risk reduction in miscarriages with levothyroxine supplementation (relative
risk = 0.48, 0.25–0.92).
If thyroid autoimmunity is the explanation for pregnancy loss, treatment with IVIg, is expected, not
only to neutralize the antibodies, but also to provide the required modulation of immune functioning.
However, these women also seem to benefit from thyroid replacement therapy,44 and the effect of thyroid
replacement therapy in euthyroid women is greater than the overall effect of IVIg on the live birth rate.44,45

Diabetes
Type I diabetes is the result of an autoimmune process on the pancreas islet cells. Fluctuations in glucose levels can induce large variations in insulin levels, and lead to ketosis. Both insulin and ketone
have an adverse effect in animal models and may affect human placenta, but the evidence for diabetes
increasing the incidence of pregnancy loss is limited to uncontrolled type 1 diabetes in the presence of
elevated glycosylated hemoglobin (HbA1C) levels.47,48 Hence, before the introduction of insulin therapy
in type 1 diabetes, successful pregnancy was achieved in only 2% of type 1 diabetic women. Wellcontrolled diabetes mellitus does not seem to be associated with recurrent pregnancy loss.49 The goal of
therapy in women of childbearing age should be a HbA1C level below 6,1%. Pregnancy planning and
preconception tight control of blood sugar levels may reduce the risk of adverse pregnancy outcome.

Inflammatory Bowel Diseases
Inflammatory bowel diseases include Crohn’s disease (CD) and ulcerative colitis (UC). Crohn’s disease
activity at time of conception has been reported to be associated with RPL.21,50 However, this association has not been confirmed by other studies,51,52 which identified IBD itself as a risk factor for an
adverse pregnancy outcome. It is interesting that anti-saccharomycetes cerevisiae antibodies (ASCA)
were found to be associated with recurrent pregnancy loss in Shoenfeld et al.’s21 series (odds ratio for
pregnancy loss 3.9, confidence interval 1.5–10.6). ASCA antibodies are associated with CD and other
inflammatory bowel diseases, and can predict the development of CD many years in advance.53 The
clinical significance has not been determined, but it seems prudent that in cases of RPL with IBD, and
ASCA antibodies, that the IBD should be in remission before another pregnancy is undertaken.

Other Autoantibodies and Immune Disturbances
Several “non classical” antibodies (directed to prothrombin or thromboplastin or mitochondrial antibodies of M5 type) have been observed in women with recurrent miscarriages, but their clinical significance
remains unclear.54 Another interesting finding in RPL with ANA or ATA is the increased presence of
peripheral CD19+/CD5+ cells,55 which are believed to produce polyvalent antibodies (mainly IgM) that
are also directed against hormones (estradiol, progesterone, hCG) and neurotransmitters (endorphins,
serotonin), and may be responsible for insufficient decidualization and decrease blood supply to the
endometrium, respectively.
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Potential Interventions
Many of the medications used for autoimmune diseases have been used to prevent pregnancy loss. Some
of these medications are mentioned elsewhere in this book. Possible therapeutic approaches include low
dose aspirin, low molecular weight heparin, glucocorticoid, immunoglobulin infusions (IVIg), and use
of immunomodulatory drugs.

Aspirin and LMWH
Both aspirin and LMWH are used for patients with antiphospholipid syndrome and possibly unexplained adverse pregnancy outcomes; empirically this therapy was applied to women with unexplained
RM.56 Their role is discussed in APS in Chapter 21. The role of anticogulants in unexplained RPL is
discussed in Chapter 25.

Glucocorticoids
Glucocorticosteroids can reduce inflammation and suppress the activity of several types of immune
cells including T-cells57 by inhibiting the transcription regulator NFkB (that promote proinflammatory
cytokines as IL1β, IL 6, and TNFα). Prednisolone has been shown to reduce raised endometrial NK
cells in women with RM.58 Nakashima59 treated patients with miscarriages and high NK cells activity:
the patients with normalized NK cells activity after therapy had a lower number of pregnancy losses. In
Bansal et al.’s60 study, steroid therapy was started in the preconceptional period and restricted to early
pregnancy in women with non-APS. The authors concluded that steroids may be helpful.60 In pregnancy,
only minute amounts of steroids cross the placenta, due to the expression of 11β-hydroxysteroid dehydrogenase in the placenta that inactivates cortisol.
In the case of autoimmune diseases, steroids may need to be used for the autoimmuine disease. In
these cases, steroids are administered for maternal indications alone. However, steroid administration
is associated with the same side effects as in nonpregnant women, Additionally, there is some evidence
from case control studies, but not from prospective cohort studies, that high doses of steroids if taken
in pregnancy, may increase the rate of cleft palate,61 or of later effects such as reduced fetal growth.

Intravenous Immunoglobulin
IVIg treatment seems to reduce overexpressed Th1 activity and down regulates cytotoxic activity of NK
cells16,63,64 in the peripheral blood. This effect is seen immediately after infusion and it may be long acting for the entire pregnancy. IVIg reduces the cytotoxic activity of NK cells or may also increase circulating GM-CSF levels.16 IVIg modulates macrophage activation64 and B-cell function.65 IVIg is used for
numerous autoimmune conditions, such as agammaglobulinemia, immune thrombocytopenia purpura,
chronic inflammatory demyelinating polyneuropathy, multiple sclerosis, Kawasaki disease, rheumatoid
arthritis, and Guillain–Barré syndrome. If required in pregnancy, the medication can be used. There
seem to be no real detrimental effects on the fetus. However, mild adverse events are reported in the
mother in 1–15% of patients, these events can be fever, nausea, headache, mild tachycardia, blood pressure changes, etc. Severe adverse effects are rare, but include anaphylactic reactions, hemolytic anemia,
viral infections, renal failure, and thrombotic events, but tend to occur in patients with IgA antibodies.
The role of IVIg on unexplained pregnancy loss is controversial. Both sides of this controversy are
presented in Chapters 28 and 31.

Anti-TNF-α Therapy
Anti-TNF-α therapy is widely used in autoimmune diseases (such as rheumatoid arthritis, SLE,
Bechet’s syndrome, and IBD). When used in conjunction with IVIg, etanercept or adalimumab have
been found to be helpful in improving the live birth rate in women with RM compared with those
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receiving anticoagulation alone.66 A recent study evaluated67 etanercept therapy (four doses of 25 mg
twice weekly before conception) for women with recurrent reproductive failure and increased NK-cell
activity. NK-cell activity is significantly decreased after therapy, mainly in patients with subsequent
pregnancy success but not in those with pregnancy failure.
However, the question of safety of anti-TNF-α in pregnancy has been only partially addressed. A
prospective comparative observational study between 2002 and 2011 evaluated 83 anti-TNF-α exposed
pregnant patients (35 infliximab, 25 etanercet, 23 adalimubab) versus 341 nonexposed patients. There
was no difference in the incidence of congenital anomalies in two groups and no cases of VATER/
VACTERL association.68 A retrospective multicenter study on IBD patients receiving TNF-α inhibitors
reported no increased risk of complications during pregnancy and seemed to be safe for the newborn.69
A recent meta-analysis including 462 exposed pregnant patients with IBD stated that the short-term
risks of anti-TNF-α agents are low, even if the drug crosses the placenta from the end of the second trimester. However, intra uterine exposure may cause an increase in infections in infants and alterations in
immune system development. For this reason, some authors suggest stopping anti-TNF-α agents in the
second trimester. Certolizumab is derived from the Fab fragment of an anti-TNF monoclonal antibody
and therefore can be continued throughout pregnancy. Anti-TNF agents are detected in breast milk, but
in minimum doses.70 However, current guidelines suggest that anti-TNF-α should be avoided in pregnancy until larger trials are conducted.71,72

Oral Hypoglycemic Agents
In most cases of diabetes, insulin is used, but recently oral hypoglycemic agents have been increasingly
used in pregnancy. Metformin is an effective anti-hyperglycemic agent widely used in the treatment
of type 2 diabetes. Metformin reduces hepatic glucose output, increases tissue insulin sensitivity and
enhances peripheral glucose uptake; all these mechanisms decrease glucose levels but the risk of hypoglycemia is low because insulin production does not increase. Although metformin crosses the placenta,
the umbilical cord concentration at delivery is usually half the level of the mother. The breast milk
metformin concentration is low.
Metformin is considered a category B drug. The dose is 1500–2550 mg daily, but in pregnancy metformin clearance is enhanced and in late pregnancy metformin dose may need to be adjusted.
Generally, metformin is well-tolerated; common side effects are gastrointestinal symptoms (diarrhea,
nausea, vomiting, adbominal discomfort); lactic acidosis is a very rare complication.
Metformin is also used in women with polycystic ovary syndrome (PCOS), which is characterized
by insulin resistance. In PCOS, metformin restores the regularity of the menstrual cycle and enhances
conception. A systematic review in 201373 reported that metformin is safe for the treatment of gestational diabetes and is more effective in overweight or obese women. In PCOS, metformin reduces
the incidence of early pregnancy loss and preterm labor and protects against fetal growth restriction.
Moreover, metformin may lead to a more favorable pattern of fat distribution in the newborn reducing
long-term metabolic complications. Metformin reduces the incidence of neonatal hypoglycemia and
weight gain in the mother.
The use of metformin is not associated with theratogenic effects, intrauterine deaths, or developmental delay, and appears to be safe in pregnancy. However, at present, there are no guidelines for the
continuous use of metformin in pregnancy and so the duration of treatment has to be based on clinical
experience.

Selenium
Selenium-dependent enzymes have some effects on thyroid function and the immune system.
Selenium deficiency is accompanied by loss of immune competence, affecting both B-cell-mediated
immunity and B-cell function. In severe selenium deficiency, the lack of selenium dependent enzyme
activity may contribute to oxidative damage of the thyroid cells leading to thyroid damage and fibrosis.
Even in mild selenium deficiency, selenium supplementation has an impact on inflammatory activity in thyroid-specific autoimmune disease.74 Recent studies suggest that selenium supplementation
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(200 μg/ day) reduces thyroid peroxidase antibody concentrations (TPO).75 Increased concentrations of
anti-thyroid peroxidase antibodies have been associated with RPL. TPO antibody was reduced by 4.3%
at 3 months and 12.6% at 6 months in subclinical thyroiditis, and even more so in overt hypothyroidism
(21.9% and 20.6% at 3 and 6 months, respectively), mainly in IgG1 and IgG3 subclasses.
Combination treatment with myo-inositol and selenomethionine has been shown to reduce TSH levels in patients with subclinical hypothyroidism due to autoimmune thyroiditis.76 Myoinositol acts as a
TSH second messenger. This reduction was more evident in the group supplemented with myo-inositol
compared to the group treated with selenium alone. However, there is no direct evidence that selenium
lowers the incidence of pregnancy loss in patients with thyroid autoimmunity.

Vitamin D3
Vitamin D3 has immunoregulatory effects and can downregulate TNFα and IFN γ.77
Patients with reduced Th1/Th2 balance have higher vitamin D3 levels; it is possible that vitamin D
supplementation in RM women with deficiency might reduce adverse decidual inflammatory cytokines
and Th17 cells.78 Moreover, prevalence of vitamin D3 deficiency is 2.5-fold higher in patients with thyroid autoimmunity and correlates to the presence of thyroid antibodies.78

Conclusions
Further studies are required including randomized controlled trials and meta-analyses in order to
determine the prevalence of each particular antibody in different type of pregnancy loss and the true
incidence of pregnancy loss in the presence of different types or combinations of autoantibodies.
Moreover, these studies should be corrected for confounding factors such as maternal age or other
causes of miscarriages. The therapies used in autoimmune disease are also changing, constantly
requiring new drugs to be assessed in terms of teratogenicity and other potentially harmful effects on
mother and fetus.
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Infections and Recurrent Pregnancy Loss
David Alan Viniker

Introduction
Any acute severe infection can be associated with occasional pregnancy loss. The role of infection in
recurrent miscarriage is unclear.1 In recent years there has been increasing interest in micro-organisms
as possible causes of pathology in previously unexplained medical conditions.2
In this chapter, the relationship between infection and recurrent pregnancy loss is presented. Specific
infections are reviewed, and the recent developments in molecular biology are discussed as they relate
to future investigation.

Tuberculosis
Tuberculosis is a significant contributor to maternal mortality and is among the three leading causes of
death among women aged 15–45 years in some poor and vulnerable areas. It may be associated with
HIV infection. Diagnosis of tuberculosis in pregnancy may be challenging, as some symptoms may be
ascribed to pregnancy with the normal weight gain in pregnancy temporarily masking the associated
weight loss. Obstetric complications include occasional spontaneous abortion, placental insufficiency,
preterm labor, and increased neonatal mortality.
Tuberculosis, is more commonly related to infertility than abortion, with only sporadic reports of
pregnancy loss.3,4 Saracoglu and colleagues3 diagnosed 72 patients with pelvic tuberculosis from 1979
to 1989. The most common presentations were infertility (47.2%) pelvic or abdominal pain (32%), and
abnormal bleeding (11%). There was one case of recurrent miscarriage. Physical examination was normal in 32% of the patients and chest X-ray was normal in 81%. The most common site of infection was
the fallopian tubes with occlusion in 32 of the 34 patients having hysterosalpingography.
In a series of 25 cases of genital tuberculosis, 21 presented with infertility, three had postmenopausal
bleeding and one was admitted with an acute abdomen.4 Two women subsequently conceived but both
aborted.

Listeria and other Intracellular Bacteria
Listeria is frequently found in processed and prepared foods and listeriosis is associated with high
morbidity and death. Preventative measures are recommended, while monitoring and voluntary recall
of contaminated items has effectively led to a 44% decrease in the prevalence of perinatal listeriosis
in the USA.5 Romana et al.6 have put forward the case that latent listeriosis may cause recurrent miscarriage, as antilisteric antibodies have been detected by direct immunofluorescence studies. Romana
et al.6 investigated 309 women and found that 207 had a total of 334 miscarriages, 67 delivered prematurely, 75 had stillbirths, and 43 had malformed living or stillborn infants. Treatment resulted in the
birth of 152 normal babies, all negative on immunofluorescence for antilisteric antibodies. Manganiello
and Yearke7 attempted to isolate Listeria monocytogenes from the cervix and endometrium of patients
presenting with a history of two or more fetal losses. Endometrial tissue and endocervical swabs were
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cultured. During a 10-year study period, none of the patients with recurrent fetal loss were found to
harbor the organism in their genital tract. Hence, L. monocytogenes could account for occasional fetal
loss but not on a recurring basis. Manganiello and Yearke7 concluded that routinely culturing for L.
monocytogenes in patients with recurrent miscarriage is not warranted.
Pregnancy loss with L. monocytogenes may be related to interference with the immune tolerance to
the fetus in pregnancy.8
Intracellular bacteria such as L. monocytogenes, Brucella abortus and various members of the order
Chlamydiales, that grow either poorly or not at all on media used routinely to detect human pathogens
could be the etiological agents of these obstetric conditions. There is growing evidence that Chlamydia
trachomatis, Chlamydia abortus, and Chlamydia pneumoniae infections may also result in adverse
pregnancy outcomes in humans. Moreover, newly discovered Chlamydia-like organisms are emerging
as new pathogens in humans. For example, Waddlia chondrophila, a Chlamydia-related bacterium isolated from aborted bovine fetuses, has been implicated in human miscarriages. Future research should
help us to better understand the pathophysiology of adverse pregnancy outcomes caused by intracellular bacteria and to determine the precise mode of transmission of newly identified bacteria, such as
Waddlia and Parachlamydia. These emerging pathogens may represent the tip of the iceberg of a large
number of as yet unknown intracellular pathogenic agents.9 There relationship to recurrent pregnancy
loss is unknown.

Torch Infections
There have been conflicting opinions on the role of cytomegalovirus (CMV) in recurrent miscarriage.
Szkaradkiewicz and coworkers10 found significantly elevated IgG in most of 11 women on the first day
after a second consecutive trimester miscarriage. The control group were 15 women in the second trimester of a normal pregnancy. They concluded that in the majority of the studied women reactivation
of chronic CMV infection occurred. Cook and colleagues11 used the polymerase chain reaction (PCR)
to detect CMV in gestational tissue of women with recurrent miscarriage. DNA was extracted from 25
samples of gestational tissue from 21 women with at least three unexplained spontaneous miscarriages.
None of these specimens contained evidence of CMV DNA demonstrating that CMV is not a common
direct cause of recurrent miscarriage.
In a prospective study of 280 women an analysis for IgG and IgM anti-toxoplasma was carried out.
There was no evidence that toxoplasmosis has a role in recurrent abortion.12
Screening for TORCH infections (toxoplasmosis, rubella, cytomegalovirus, and herpes simplex virus)
is unhelpful in the investigation of recurrent miscarriage. Whilst these infections can be associated
with an individual pregnancy loss, they are illnesses generally contracted once, and therefore, should
not result in recurrent pregnancy loss. The current recommendation is that TORCH screening in the
investigation of recurrent miscarriage should be abandoned.1

Chlamydia
Mezinova et al.13 have reported that chlamydia was found in 41.7% of 163 women with habitual miscarriage in their series. The miscarriage rate was 59.1% in the presence of chlamydia. However, all women
treated for chlamydia infection went on to deliver at term. It was concluded that women with habitual
miscarriage and chlamydia should receive appropriate therapy. Endometrial, endocervical, and urethral
specimens have been obtained from 16 nonpregnant women with a history of recurrent miscarriage.14
Chlamydia was isolated from the endometria of five women. No chlamydia were isolated from the
cervix or urethra of two patients with proven endometrial involvement. This study demonstrated that
eradicating intrauterine chlamydia infection before pregnancy improved pregnancy outcome in women
with recurrent miscarriage. It was suggested that asymptomatic chlamydial infection might have an
adverse effect on placentation.
An association between positive chlamydia serology and recurrent miscarriage has been reported
by Kishore et al.15 After excluding rhesus incompatibility, anatomical, endocrine, and chromosome
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abnormalities, serum anti-Chlamydia trachomatis IgM positivity was found in 46.5% of 47 patients
with recurrent miscarriages compared to 13.8% of 29 age matched controls of normal pregnant women
(p < 0.001). The prevalence of high titer IgG antibodies to C. trachomatis has been shown to be higher
in recurrent miscarriage.16 Seven (41%) of 17 women with three miscarriages and six (60%) of ten
women with four miscarriages had chlamydial antibodies compared to 20 (14%) of 148 women with
no miscarriages, six (13%) of 47 women with one miscarriage and four (12%) of 33 women with two
miscarriages.16 The incidence of three or more miscarriages was 31.8% for women with high titer IgG
compared to 7.5% among women who were seronegative (p < 0.001). The association between high titer
IgG to C. trachomatis and recurrent miscarriage may involve reactivation of latent chlamydia infection,
endometrial damage from previous infection or an immune response to an epitope shared by chlamydial
and fetal antigens.16
However, not all studies concur. Olliaro et al.17 found no association between chlamydia and RPL
in a study of 101 women with recurrent miscarriage.7 Screening involved direct examination, culture
and serological testing. The culture-positive and serology positive rates of 15% and 35% did not differ
from other unselected populations. The time from last miscarriage or type of miscarriage was unrelated to C. trachomatis infection. The unselected population rates for chlamydia in this study were
noticeably higher than generally expected. Others have also failed to find an association between IgG
chlamydia antibodies and recurrent miscarriage.18–20 Rae and colleagues18 looked at IgG to chlamydia
in 106 women with unexplained recurrent miscarriage and compared their findings with sera from a
general antenatal population of 3890. Twenty-six (24.5%) women with recurrent miscarriage had positive serology compared with 788 (20.3%) controls. Chlamydial antibody seropositivity did not correlate
with subsequent pregnancy outcome.
In a prospective study,19 70 patients with recurrent pregnancy loss attending a specialist recurrent
miscarriage clinic were compared to 40 controls (40 normally pregnant women) and 94 asymptomatic
sexually active women. There was no statistical difference in the frequencies of chlamydia IgG or IgA
antibodies. In another study20 of 504 patients with a history of two or more consecutive first trimester
miscarriages, the presence of IgA and IgG antibodies to C. trachomatis did not influence subsequent
pregnancy outcome.
There does not appear to be robust evidence to support serological investigations for chlamydia as
part of the routine investigation of recurrent miscarriage but direct swab tests from the cervix may be
taken and positive results treated appropriately.

Syphilis
In some parts of Africa, the incidence of syphilis seroreactivity in pregnant women is at least 10%
and this is associated with spontaneous abortion, perinatal mortality, or a viable infant with congenital
syphilis.21 Screening for syphilis should be considered in at risk populations.

Bacterial Vaginosis
In women of reproductive age, lactobacilli are normally the predominant bacteria in the vagina.
Lactobacilli are responsible for reducing the vaginal pH by metabolizing glycogen from squamous cells
to lactic acid. The resulting acidic milieu provides protection against infection. Bacterial vaginosis (BV)
has become the adopted nomenclature to describe a clinical condition characterized by an overgrowth
of predominantly anaerobic bacteria within the vagina and a concomitant reduction or absence of lactobacilli. BV is recognized as the most common cause of vaginal discharge. Women may have symptoms
of a characteristic vaginal discharge but are often asymptomatic. The discharge tends to be malodorous
particularly after sexual intercourse. A remarkable feature of BV is the absence of a host reaction; thus,
the suffix “osis” rather than “itis” as signs of inflammation are absent. In Gram-stained smears of the
vaginal fluid, BV is diagnosed when three out of four of Amsel’s criteria22 are present, that is, the presence of clue cells—vaginal epithelial cells heavily coated with bacilli on wet preparation microscopy;
vaginal pH greater than 4.5; a homogenous discharge; a strong fishy odor, which may be amplified on
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adding alkali to vaginal fluid. The organisms most often associated with BV are Gardnerella vaginalis, Mycoplasma hominis, Ureaplasma urealyticum, Mobiluncus spp, Prevotella, Porphyromonas,
Bacteroides and Peptostreptococcus spp. It has been suggested that the clinical manifestations of
BV depends on a synergistic interaction of a variety of micro-organisms. The Gram-negative organisms, including Bacteroides, are sensitive to metronidazole, whereas Mycoplasma, Ureaplasma and
Mobiluncus are sensitive to macrolides such as erythromycin, and to the tetracyclines.
Seven hundred forty-nine consecutive women undergoing in vitro fertilization had a vaginal smear
taken at the time of egg collection in a study comparing the prevalence of BV according to causation of infertility.23 The smears were Gram-stained and graded as normal, intermediate or BV. The
smears were normal in 63.6%, intermediate in 12.1% and BV in 24.3%. The rates of BV were 36.4%
in tubal factor, 15.6% in male factor, 33.3% in anovulation, 12.5% in endometriosis, and 18.9% in
unexplained infertility. Women with tubal infertility were three times more likely to have BV than
women with male factor infertility, endometriosis, or unexplained infertility. Women with anovulation were also three times more likely to have BV compared to women with endometriosis or male
factor infertility, which the authors suggested supports the theory that there is a hormonal influence
on vaginal flora.
The lack of an animal model has made study of BV difficult and inhibited a full understanding of
the etiology of the condition.24 Recent research with murine rodents,25,26 however, suggests that animal
models can be used. In time, this may clarify our understanding of the relative contributions of several
factors to the etiology of BV, which is central to the development of effective treatments and prophylaxis
of this condition.
The detrimental effects on pregnancy, associated with BV, may be due to the bacteria ascending
into the uterus.27,28 One hypothesis suggests that micro-organisms, possibly those associated with BV,
may surreptitiously inhabit the uterine cavity (bacteria endometrialis) where they are responsible for
some common gynecological and obstetric enigmas.28 Relatively little has been written about bacterial
colonization of the endometrial cavity. The bacteriological investigation of the vagina and endometrial
cavity are compared in Table 33.1. The healthy vagina is rich in micro-organisms, whereas the endometrial cavity is considered to be relatively sterile. Many micro-organisms colonize the vagina without
necessarily being pathogenic. High vaginal swabs are frequently obtained in routine clinical practice,
whereas the bacteriology of the endometrium has been studied almost entirely in research projects. The
bacteriological diagnosis of BV is dependent on microscopic assessment of a wet preparation of the
discharge or a Gram-stain rather than culture whereas investigation of the uterine cavity has depended
on culture alone. The clinical significance of the varied patterns of bacteria found in the vagina remains
controversial.
Our knowledge about intra-uterine micro-organisms is comparatively sparse and more difficult to
interpret. Pathogenic micro-organisms can be found in the endometrial cavity without evidence of pelvic infection being visible at laparoscopy and with negative cervical cultures.29 The bacteriology of
the endometrial cavity has been investigated30 immediately after a hysterectomy in 99 women. Nearly
a quarter of all the patients in Moller et al.’s30 study harbored one or more micro-organisms in the
TABLE 33.1
A Comparison of the Bacteriology of the Vagina and Uterine Cavity
Vagina
Rich in micro-organisms
High vaginal swabs: routine clinical investigation
Bacterial vaginosis: diagnosis by microscopy of
wet preparation or Gram-stain
Culture unhelpful for bacterial vaginosis diagnosis
Possible marker for bacteria endometrialis
Bacterial vaginosis: no clinical inflammation

Uterine Cavity
Relatively sterile
Sampling mainly confined to research centers
Wet preparations and Gram-stain not studied
Cultures only. Specialist centers required for Mycoplasma hominis
and Ureaplasma urealyticum
Micro-organisms can be present even with negative cervical cultures
Micro-organisms can occur with negative clinical examination
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uterus, mostly G. vaginalis, Enterobacter or Streptococcus agalactiae. The samples were not tested for
Mycoplasmas or Mobiluncus.
The brown rat and house mouse are two species of Muridae that are being increasingly used for
medical research. Vaginal infection by a BV associated bacterium in an animal has been shown to
parallel the human disease with regard to clinical diagnostic features.26 Although Gardnerella vaginalis is frequently isolated in BV, there has been debate concerning the contribution of G. vaginalis
to the etiology of BV, as it is also present in many healthy women. A new murine vaginal infection
model with a clinical isolate of G. vaginalis has demonstrated that this model displays features
used clinically to diagnose BV, including the presence of sialidase activity and exfoliated epithelial
cells with adherent bacteria reminiscent of clue cells. G. vaginalis was capable of ascending uterine infection, which correlated with the degree of vaginal infection and level of vaginal sialidase
activity. The results of this study suggest that G. vaginalis is sufficient to cause BV phenotypes and
suggest that this organism may contribute to BV etiology and associated complications. The authors
commented that this is the first time vaginal infection by a BV associated bacterium in an animal
has been shown to parallel the human disease with regard to clinical diagnostic features. They predict that future studies with this model should facilitate investigation of important questions regarding BV etiology, pathogenesis, and associated complications.
The prevalence of BV in pregnancy varies from 9 to 23%.31 Coitus during pregnancy is not related
to BV or premature delivery. Pregnant women do not commonly develop BV after 16 weeks gestation.
If present at 16 weeks, it spontaneously remits in approximately 30–50% of those reaching term.32,33

Premature Delivery
There is substantial evidence indicating that BV is associated with premature delivery.31,34–40 The association with premature delivery may have implications for miscarriage, and raise the possibility that
antibiotics may reduce the incidence of premature delivery. BV diagnosed in early pregnancy is particularly significant,34 as the presence of BV in early pregnancy is associated with a two to threefold
increased risk of preterm labor. Women who have abnormal vaginal flora that spontaneously returns
to normal and who are not treated have as many abnormal outcomes as those treated with placebo,
suggesting that the damage occurs in early pregnancy35 or that the responsible micro-organisms have
ascended into the uterine cavity.28 In this context, it is disappointing that a study of interconceptional
antibiotics to prevent preterm birth found that neither endometrial microbial colonization nor plasma
cell endometritis were risk factors for adverse pregnancy outcome.41
In order to determine whether abnormal vaginal microflora is associated with premature labor, a
study was conducted by McDonald et al.36 in Australia. The assessment included cultures for aerobic
and anaerobic bacteria, yeasts, genital mycoplasmas, and G. vaginalis. The results of 428 women in
preterm labor were compared to 568 women in labor at term. Two distinct bacteriological groupings
were associated with preterm labor, namely the BV group of organisms and a group of enteropharyngeal
organisms. G vaginalis was found in 12% of women in preterm labor compared to 6% at term. The
prevalence of G. vaginalis was even higher (17%) in women in preterm labor at less than 34 weeks of
gestation. In an analysis of 12,937 women screened for BV, the odds ratio for preterm birth (<37 weeks
of gestation) for asymptomatic BV-positive versus BV-negative women ranged from 1.1 to 1.6 and did
not vary significantly with the gestational age at the time of screening.37
Vaginal fluid was collected for Gram-staining from 354 women in preterm labor with intact membranes between 24 and 34 weeks gestation in a prospective blinded study in Paris.42 Normal flora was
found in 254 of the 354 women tested (72.3%). Intermediate changes were found in 76 (21.7%) and BV
in 24 (6.8%). Women with normal, intermediate and abnormal flora had 27 (10.6%), 14 (18.4%) and six
(25.0%) births before 33 weeks, respectively. A history of spontaneous miscarriage after 14 weeks was
the only risk factor associated with BV. Preterm delivery before 33 weeks was significantly associated
with the flora grade (p = 0.02). It was concluded that the prevalence of BV and its association with preterm delivery are variable and should be interpreted differently for different populations. Although an
association was found between BV and delivery before 33 weeks, the authors considered the predictive
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value of BV to be disappointing and the usefulness of testing for BV in women with premature labor
was not demonstrated.
Unselected women with low-risk pregnancies attending the prenatal unit of a general hospital in
Belgium were included in a study aimed to investigate the differential influences of abnormal vaginal
flora, full and partial bacterial vaginosis, and aerobic vaginitis in the first trimester on preterm birth
rate.40 At the first prenatal visit, 1026 women were invited to undergo sampling of the vaginal fluid
for wet mount microscopy and culture. Women without abnormalities of the vaginal flora in the first
trimester had a 75% lower risk of delivery before 35 weeks compared with women with abnormal vaginal flora. In women with BV, partial BV had a detrimental effect on the risk of preterm birth for all
gestational ages, but interestingly full BV did not. Preterm deliveries later than 24 + 6 weeks were more
frequent when M. hominis was present. The authors commented that as metronidazole effectively treats
full BV, but is ineffective against other forms of abnormal vaginal flora, their data may help to explain
why its use to prevent preterm birth has not been successful in most studies.

Treatment and Premature Delivery
Effect of Antibiotics When BV Is an Incidental Finding
The effect of both metronidazole and clindamycin has been assessed on premature labor in randomized placebo studies and meta-analyses in low risk patients in whom BV was an incidental finding.
McDonald et al.43 reported a trial of metronidazole in women with a heavy growth of G. vaginalis or a
Gram-stain indicative of BV at 19 weeks in 879 women. Metronidazole was administered at 24 weeks
and at 29 weeks if G. vaginalis persisted. There was no difference in overall preterm births between
metronidazole and placebo groups. In a subset of 46 women with a previous preterm birth metronidazole showed a significant reduction in spontaneous preterm birth 2/22 (9.1%) versus 10/24 (41.7%) in
placebo treated patients. In this study antibiotics were most effective when there was a history of previous premature labor.
In Camargo et al.’s study of 785 low-risk Brazilian pregnant women,44 134 women with BV were
treated with metronidazole, tinidazole, or secnidazole. Seventy-one women with BV received no treatment. Premature delivery occurred in 5.5% of the women without BV, 22.5% in women with untreated
BV and 3.7% in treated women. Perinatal complications were significantly higher in those women with
untreated BV. The risk ratios for premature rupture of the membranes was 7.5, preterm labor 3.4, preterm birth 6.0, and low birth weight 4.2.
Mothers with singleton pregnancies and no history of preterm delivery in whom BV was diagnosed
by Gram-stain at 12 weeks gestation were randomized to receive vaginal clindamycin or placebo in
Kurkinen-Raty et al.’s45 study of 101 women with BV. Seventeen of 51 (33%) women were cured after
clindamycin treatment compared to 17 out of 50 (34%) of the placebo treated group. The failure rate of
clindamycin to cure BV was particularly high in this study. The preterm birth rate was 13.7% (7/51) in
the clindamycin treated patients and 6.0% (3/50) in the placebo group. Premature delivery occurred in
20.7% (6/29) in those whom BV persisted compared to 0% (0/26) where BV was successfully treated.
Hence, it is not sufficient to treat BV, but the bacteria must be eradicated.
Intravaginal clindamycin was also assessed by Rosenstein and colleagues.35 Thirty-four women had
normal vaginal flora at their first antenatal clinic visit, compared to 268 women who had abnormal
vaginal flora. Follow up assessed for pregnancy outcome, vaginal flora and detection of M. hominis and
U. urealyticum after treatment. There were no significantly different outcomes in pregnancy between
treated and placebo groups. Women with grade III flora responded better to clindamycin than women
with grade II flora by number of abnormal outcomes (p = 0.03) and return to normal vaginal flora.
Women whose abnormal vaginal flora had spontaneously returned to normal and who were, therefore,
not treated had as many abnormal outcomes as those receiving placebo, suggesting that damage by
abnormal bacterial species occurred early in pregnancy.
The results of Lamont et al.’s38 study do not concur with those of Kurkinen-Raty et al.45 or Rosenstein
et al.35 In Lamont et al.’s38 randomized, double blind study, 409 women, with abnormal genital tract
flora on Gram-stain at 13–20 weeks of gestation, received clindamycin vaginal cream or placebo. Those
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who still had abnormal vaginal flora 3 weeks later received a subsequent course of the original treatment. There was a statistically significant reduction in the incidence of preterm birth in the clindamycin
group (4%) compared with placebo (10%) (p < 0.03). It was concluded that clindamycin vaginal cream
administered to women with abnormal vaginal flora before 20 weeks of gestation can decrease preterm
birth by 60% and reduce the need for neonatal intensive care.
Antibiotics for treating bacterial vaginosis in pregnancy have been reviewed by Brocklehurst et al.46
Randomized trials comparing antibiotic treatment with placebo or no treatment, or comparing two
or more antibiotic regimens in pregnant women whether symptomatic or asymptomatic with bacterial
vaginosis or intermediate vaginal flora and detected through screening. Twenty-one good quality trials
were included involving 7847 women. Antibiotics were effective at eradicating bacterial vaginosis during pregnancy and reduced the risk of late miscarriage. Antibiotics did not reduce the risk of delivery
before 37 weeks or the risk of preterm premature rupture of the membranes. In women with a previous
preterm birth antibiotics did not alter the risk of another preterm birth. Treatment of women with abnormal vaginal flora may reduce the risk of delivery before 37 weeks. There were no useful differences
between oral or vaginal delivery of antibiotics. The authors concluded that although bacterial vaginosis
can be effectively treated with antibiotics, there was little evidence that treating all women with BV will
prevent preterm birth.
Three meta-analyses have evaluated the potential benefit of treating BV in pregnancy. Brocklehurst
et al.’s46 meta-analysis, included 1504 women. Antibiotics were highly effective in eradicating infection.
The effect of treating BV resulted in a trend to fewer births before 37 weeks of gestation, which was
most marked in women with a previous preterm birth.
In Guise et al.’s31 original meta-analysis, seven randomized controlled trials of BV treatment were
included. BV treatment was found to be of no benefit for the average-risk woman. In women with previous preterm delivery, three of the studies showed a benefit of BV treatment for preterm delivery before
37 weeks. Two trials of high-risk women found an increase in preterm delivery less than 34 weeks in
women who did not have BV but received BV treatment. Both meta-analyses concluded that there is
no evidence in favor of screening all pregnant women for BV. For women with a history of previous
preterm birth there is support for diagnosing and treating BV early in pregnancy to prevent a proportion
of these women having a further preterm birth.
In an update to the study by Guise et al.,24 Nygren et al.47 performed a series of meta-analyses (using
new and 2001 report data) to estimate the pooled effect of treatment on preterm delivery (<37 weeks,
<34 weeks, or <32 weeks), on low birth weight (LBW), and on preterm premature rupture of membranes
(PPROM). Seven new randomized controlled trials were found in the area of treatment of asymptomatic pregnant women with BV since the previous report was published in 2001. Meta-analysis of trials
showed no treatment effects at any risk level for preterm delivery for preterm delivery. Two trials of
high-risk women found an increase in preterm delivery less than 34 weeks in women who did not have
BV but received BV treatment. Comparisons of patient populations, treatment regimens, and study
designs did not explain the heterogeneity among studies.
In contrast, screening and treating BV in low risk pregnancies produced a statistically significant
reduction in premature deliveries (R.R. 0.73) in Varma and Gupta’s48 meta-analysis, but there was no
benefit in high-risk groups. It was hypothesized that premature delivery in high and low risk pregnant
women are different entities and not linear extremes of the same syndrome. There are significant clinical and methodological differences between the above studies, which may account for the variation of
the results and conclusions. Hay and colleagues32 recommend that as BV is associated with second
trimester miscarriage and preterm labor, treatment should be given no later than the beginning of the
second trimester. Rosenstein and colleagues35 concluded that earlier diagnosis and treatment may be
more effective in preventing abnormal outcome and they suggested that screening and treating before
pregnancy might be advantageous. Some have observed that treatment with topical vaginal antibiotics
has proven to be less effective for the prevention of premature delivery than oral antibiotics.49,50 This
would indicate that the micro-organisms responsible for premature labor have ascended out of reach of
topically administered antibiotics and the endometrial cavity would be the most likely place for them
to initiate contractions. Some have found reduction of premature delivery only in those with a history
of preterm birth.31,43,51 Preterm delivery is the major cause of perinatal mortality and morbidity in the

290

Recurrent Pregnancy Loss

developed world. According to Lamont and Sawant52 in up to 40% of cases, infection is a significant
cause of spontaneous preterm labor. They recommend clindamycin as the antibiotic of choice.

Effect of Antibiotics on the Prevalence of BV
Antibiotics have been shown to affect the presence of BV. Clindamycin has been shown to be effective in eradicating the bacteria, whether used intravaginally,53 or orally.33 Abnormal flora were found
after oral clindamycin in 10% of treated patients compared with 93% of placebo patients (p < 0.001)
in Ugwumadu et al.’s33 trial of 462 women (231 in the clindamycin and 231 in a placebo group).
Normal flora was maintained in two thirds of women throughout pregnancy. The results of four
weekly smears were compared in 135 women, 69 clindamycin treated and 66 placebo treated. For
the clindamycin group, the prevalence of abnormal flora was 15% at 20 weeks and 17% at 36 weeks
gestation compared with 69% at 20 weeks and 43% at 36 weeks in the placebo group. Borisov et al.53
compared the effect of intravaginal clindamycin to the effect of metronidazole in 128 pregnant
women with BV. BV was eradicated in 93% of the women using intravaginal clindamycin and in 87%
of the group receiving the metronidazole. Both treatments were more effective than oral ampicillin
for 7 days, which had a cure rate of 62%.
Ugwumadu et al.33 concluded that as previous research had shown that spontaneous resolution of BV
does not modify the risk of preterm birth, early screening and treatment should be advocated.

Effect of Antibiotics in Women with Previous Premature Labor
The effect of antibiotics has been assessed in women at high risk of premature labor with BV. The
results of two studies indicate that antibiotics may reduce the incidence of premature labor. Both metronidazole and metronidazole together with erythromycin have been assessed in double blind placebo
controlled trials. In Morales et al.’s51 study, women with premature labour or premature rupture of the
membranes in the preceding pregnancy were screened for BV between 13 and 20 weeks’ gestation.
Patients with a positive screen were randomized to receive metronidazole orally or placebo. Forty-four
patients received metronidazole and 36 received placebo. The metronidazole group had fewer hospital
admissions for preterm labor (27% vs. 78%), preterm births (18% vs. 39%), low birth weight infants
(<2500 g) (14% vs. 33%), and premature rupture of the membranes (5% vs. 33%), respectively.
Hauth et al.54 performed BV testing at 23 weeks in 624 pregnant women at risk of delivering prematurely. Patients were randomized on a 2:1 basis to receive treatment with erythromycin and metronidazole (n = 426) or placebo (n = 190). A second course of treatment was instituted for those women who
still had BV at 28 weeks. In the antibiotic group 110 women delivered prematurely (26%) compared to
68 women in the placebo group (36%, p = 0.01). The association between treatment and lower rates of
prematurity was observed only among the 258 women who had BV (31% with treatment vs. 49% with
placebo; p = 0.006).

Miscarriage
Association between BV and Early Miscarriage
There have been a few studies linking BV with early first trimester miscarriage.55–58 There is stronger
evidence, however, that BV is related to late first trimester and second trimester loss59,60 than early first
trimester loss. The relationship between BV and early miscarriage has been assessed mainly in IVF
patients, or threatened miscarriage, rather than recurrent miscarriage.
Miscarriage rates were assessed in 867 consecutive women undergoing IVF.55 BV was found in 24.6%
of the women before egg collection. There were no differences in the conception rates between those
women with BV and those with normal vaginal flora. Twenty-two women (31.6%) with BV who conceived had a significantly increased risk of miscarriage in the first trimester compared with 27 women
(18.5%) with normal vaginal flora. The increased rate of miscarriage remained significant after adjusting for factors known to increase the risk of miscarriage—maternal age, smoking, a history of recurrent
miscarriage, no previous live birth, and polycystic ovary syndrome.
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In a further study to investigate the effect of vaginal flora and vaginal inflammation on conception
and early pregnancy loss, 91 women undergoing IVF were recruited.56 At the time of embryo transfer,
samples were taken for BV. The overall live birth rate was 30% and the rate of early pregnancy loss
was 34%. Women with BV, intermediate flora and normal flora had early pregnancy loss rates of 33%
(1/3), 42% (5/12), and 30% (3/10) (p = 0.06), respectively. It was concluded that IVF patients with BV
may have increased rates of early pregnancy loss and that a larger prospective treatment trial to evaluate potential benefits of optimizing vaginal flora before IVF may be warranted; over the subsequent ten
years no such study appears to have been reported.
The Nugent score and PCR were both used to assess the prevalence of BV in a study of 307 patients
who were subsequently treated with IVF.61 The primary outcome measure was the implantation rate.
The secondary outcomes were clinical pregnancy rate, early and late miscarriage, premature rupture of
membranes, preterm delivery, mode of delivery and birthweight. PCR revealed a prevalence of BV of
9.45%. Among women who performed vaginal douching, 22.2% were BV+ , whereas 7.9% of patients
who did not douche were BV+ (p = 0.028). The embryo implantation rate was decreased between the
BV− and BV+ groups (36.3% vs. 27.6%; p = 0.418), (not significant). There were no significant statistical
differences between the groups in secondary obstetrical outcomes.
French et al.62 reported that in a prospective analysis of 1100 pregnant women, 60% of women with
first-trimester bleeding had one or more infections detected, such as BV (RR. 1.5), T. vaginalis (RR.2.3)
and C. trachomatis (RR. 2.7). Each of these infections heightened the risk for preterm delivery in
women with BV and first-trimester bleeding; BV (RR. 4.4), BV with T. Vaginalis (RR.3.0).

Association between BV and Late Miscarriage
The association with later pregnancy losses has been reported in a number of studies. Llahi-Camp
et al.59 found a history of one late miscarriage more than twice as commonly (27/130; 21%) compared
to women who had only early miscarriages (31/370; 8%) (p < 0.001). In Llahi-Camp et al.’s59 study, BV
did not appear to be related to recurrent early miscarriage. Hay and coworkers39 in a prospective study
screened 783 women for BV at their first antenatal clinic visit. There were 12 late miscarriages (16–24
weeks of gestation), and a significant association with BV (p < 0.001). Oakeshott et al.60 assessed 1,201
women presenting before 10 weeks of gestation prospectively. The relative risk of miscarriage associated with BV compared with women who were negative for BV before 16 weeks was 1.2. BV was associated with miscarriage at 13–15 weeks at a relative risk of 3.5. BV was therefore not strongly associated
with early miscarriage but may be a factor for pregnancy loss after 13 weeks of gestation.
Donders et al.63 assessed 228 women at 14 weeks of gestation, by culture for BV associated bacteria,
in order to determine whether there is a relationship between BV and pregnancy loss up to 20 weeks.
As screening was performed at 14 weeks, only second trimester losses could be assessed. The relative
risk for pregnancy loss between 14 and 20 weeks was 5.4 in the presence of BV. M. hominis and U.
urealyticum were also associated with an increased risk of late miscarriage.

Effect of Treatment of BV on Miscarriage
There is a general consensus in the literature that antibiotics reduce the incidence of late miscarriages
and preterm labor in the presence of BV. In French et al.’s62 study of 1100 pregnant women, systemic
antibiotics reduced the rate of preterm birth for women with BV without first trimester bleeding (R.R.
0.37) and treatment of women with BV and first-trimester bleeding reduced preterm birth (R.R. 0.52).
Clindamycin treatment was associated with a reduction in the number of late miscarriages and premature
births in Berger and Kane’s64 study of women with asymptomatic BV between 12 and 22 weeks of gestation.
McGregor and colleagues65 analyzed the effect of systemic treatment to reduce pregnancy loss (<22
weeks), preterm premature rupture of the membranes, and preterm delivery in a prospective controlled
treatment trial. The overall presence of BV was 32.5%. BV was associated with pregnancy loss at <22
weeks (RR. 3.1). The relative risk of preterm premature rupture of the membranes was 3.5, and the
relative risk of preterm birth was 1.9. In the treatment phase of the study women with BV received
clindamycin orally. After treatment there were less preterm births (RR = 0.5) and preterm premature
rupture of the membranes (R.R. 0.5).
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Ugwumadu et al.66 prospectively screened 6120 asymptomatic women at the first antenatal visit
between 12 and 22 weeks of gestation. The 485 women with abnormal smears were randomly allocated to receive oral clindamycin or placebo. There were significantly fewer mid-trimester miscarriages or preterm deliveries in the clindamycin group (13/244) compared to the placebo group (38/241)
(p = 0.0003).
In a multicenter, prospective randomized controlled trial,67 4429 low risk asymptomatic women
were screened for BV at their first routine antenatal visit early in the second trimester. In the intervention group the women received standard antibiotic treatment and follow up for any detected
infection; the number of preterm deliveries was significantly lower (3.0%) than in the control group
(5.3%) (p = 0.0001). There were eight late miscarriages in the intervention group and 15 in the
control group. It was concluded that introducing a simple infection screening program into routine
antenatal care can significantly reduce late miscarriages and preterm births in a low risk group of
pregnant women.
In Sweden, 9025 women were screened for BV in early pregnancy and 819 proved to be positive.68
Only one of 11 women in the treatment group (vaginal clindamycin) compared to five of 12 women in
the control group delivered before 33 completed weeks. Treatment was associated with 32 days longer
gestation for the 23 participants who had late miscarriage or spontaneous preterm birth and significantly fewer infants had a birthweight below 2500. It was concluded that treatment was associated with
significantly prolonged gestation and reduced cost of neonatal care. There was an overall saving of 27
euro per woman.
In a retrospective study, data from 2986 women in Vienna with singleton pregnancies presenting
for routine antenatal care between 11 and 24 weeks was analyzed.69 The women were screened for
asymptomatic vaginal infection using Gram stain, differentiating between bacterial vaginosis, vaginal
candidiasis, trichomoniasis, or combinations of any of the three. Women with infection received standard treatment and follow-up. Prenatal care was the same for women in the intervention and control
groups, the only difference being the absence of screening and treating for vaginal infection in the
control group. In the intervention group, the rate of preterm birth was significantly lower than in the
control group (8.2% vs. 12.1%, p < 0.0001), as was the number of preterm infants with birth weights of
2500 g or below. A significant difference between groups was found for delivery before 33 weeks (1.9%
vs. 5.4%, p < 0.0001). In this study, a simple screen-and-treatment program for common vaginal infections into routine antenatal care led to a significant reduction in preterm births in a general population
of pregnant women.

Mycoplasmas
Di Bartolomeo and colleagues70 established the prevalence of micro-organisms in 198 pregnant women
with vaginal discharge. Endocervical and vaginal samples were assessed using direct methods, culture, immunodetection, and PCR looking for C. trachomatis, Neisseria gonorrhoeae, Streptococcus
agalactie, T. vaginalis, Candida, M. hominis, U. urealyticum, and BV. In 51 cases (26%) one of the
above were detected. BV was diagnosed in 30 cases (15%). U. urealyticum was found in 49%, Candida
in 34%, M. hominis in 14.1%, S. agalactie in 5%, T. vaginalis in 4%, and C. trachomatis in 2.5%. N.
gonorrhoeae was not detected. As the evidence suggested that vaginal colonization with genital mycoplasmas plays a role in complications of pregnancy, a study was set up to determine whether antibiotics
would reduce spontaneous pregnancy loss.71 The loss of a pregnancy included spontaneous miscarriage,
stillbirths, premature infants who died or term infants who died from congenital pneumonia due to
U. urealyticum. Women with spontaneous pregnancy wastage, and who were mycoplasma positive in
the genital tract, were treated prospectively for 71 pregnancies. There was a significant reduction in
pregnancy loss rate among those treated with doxycycline before pregnancy or erythromycin during
pregnancy. The pregnancy loss rate in the untreated group was remarkably high with 22 of the 24 pregnancies being lost. There were 18 out of 37 pregnancies lost in the doxycycline only group, three lost out
of 20 pregnancies in the erythromycin group and two of 12 treated pregnancies lost after doxycycline
and erythromycin. The benefit was independent of maternal age, number of previous miscarriages or
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gestational age at miscarriage. It was concluded that antibiotics prescribed for women colonized with
mycoplasmas could prevent recurrent spontaneous miscarriage.
The role of U. urealyticum in spontaneous and recurrent spontaneous miscarriage has been studied
in 633 women.72 Cervical colonization with U. urealyticum was found in 42.6% of 310 normal pregnant
women, in 41.6% of 84 patients undergoing pregnancy termination, in 41.5% of normal fertile patients,
in 53% of 122 patients with spontaneous miscarriage and in 64.5% of 76 women with recurrent miscarriage. The cervical colonization rate was significantly higher in patients with spontaneous miscarriage
(p < 0.05) and recurrent spontaneous miscarriage (p < 0.005) compared to normal pregnant women.
Endometrial colonization was more frequent in patients with recurrent miscarriage (27.6%) than in
normal fertile women (9.7%) (p < 0.05). U. urealyticum was isolated in five of six women with intact
membranes and uncontrollable preterm labor between 20 and 28 weeks of gestation. U. urealyticum
was also isolated from the placenta in four patients and the amniotic fluid in two of four patients. It was
concluded that U. urealyticum is a common commensal of the lower genital tract, but it may play a role
in miscarriage and in uncontrollable preterm labor.
However, the role of U. urealyticum in adverse pregnancy outcomes is disputed. There was no difference in the incidence of premature rupture of the membranes, preterm labor or low-birth-weight infant
between women carrying U. urealyticum and those women who were not carriers in Carey et al.’s73
study. Carey et al.73 assessed whether genital colonization with U. urealyticum was associated with
adverse pregnancy outcome in 4934 women evaluated between 23 and 26 weeks of gestation. The
prevalence of infection certainly seems to be higher when the abortus is cultured at mid trimester abortion or preterm labor. McDonald et al.74 performed a prospective study of the changes in vaginal flora
between midtrimester and labor in 560 women. Forty-five women delivered prematurely. U. urealyticum
and G. vaginalis were both associated with preterm birth when present in the midtrimester.
Light and immunofluorescent microscopy were used to investigate 118 late miscarriages at 18–28
weeks of gestation.75 Intrauterine infections were found in 86 cases with mycoplasmas being found in
44 (37%). One hundred and twenty-nine spontaneously delivered, nonmacerated midgestation placentae
and fetuses, between 16 and 26 weeks of gestation, were examined and cultured for aerobic and anaerobic bacteria, genital mycoplasmas, and yeasts.76 Micro-organisms were recovered in 85 (66%). Group B
streptococcus was the most significant pathogen, being recovered in 21 cases. Escherichia coli (22 cases)
and U. urealyticum (24 cases) were present mostly as mixed infections. Specimens from 51 spontaneous
early miscarriages and 56 pregnancy terminations were investigated by culture for yeasts, Gram positive
and Gram negative bacteria and genital mycoplasma.77 Molecular diagnostic tests for DNA sequences
were performed for C. trachomatis, herpes simplex viruses, adenovirus, and human papilloma virus.
None of these were detected in normal pregnancies that were artificially terminated, whereas spontaneous miscarriage tissues were positive for at least one micro-organism in 31.5% of cases.
In the case of first trimester abortion, an association has not been found with mycoplasma or ureaplasma when placental specimens from aborted material were subjected to PCR for karyotyping and
detection of bacterial and viral DNA.78 There was no evidence of M. hominis, U. urealyticum, human
cytomegalovirus or adeno-associated virus found. C. trachomatis DNA was detected once. However,
Ye et al.79 took endocervical swabs for mycoplasma in 58 women with spontaneous abortion and compared the outcome of pregnancy to a control group of 50 normal pregnant women. In the index cases,
positive results for U. urealyticum and M. hominis were found in 74.1% (43/58) and 27.6% (16/58),
respectively. These results were significantly different to those of the controls: the corresponding results
being 48% (24/50) (p < 0.01) and 10% (5/50) (p < 0.05), respectively. It was concluded that mycoplasma
infection could be one of the causes of early embryonic death.
A study from Albania80 has found a high overall incidence of M. hominis (30.4%) and U. urealyticum (54.3%) in hospitalized women in the obstetric and gynecological department. The prevalence
of these organisms was higher among women who had experienced miscarriage. Microbiological
screening of vaginal flora and semen was performed 4 weeks before IVF for 951 couples.81 Infections
were found in 218 women (22.9%) and appropriate treatment was prescribed. There were 69 with
Candida albicans, 49 with U. urealyticum, 43 with G. vaginalis, 24 with Streptococcus B or D and
22 with E. coli. The implantation rate was significantly reduced in patients with infection, 14.6%
versus 19.3% (p < 0.02). Positive cultures from both vagina and semen was found in 77 couples with
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a spontaneous miscarriage rate of 46.7% compared to 17.6% with vaginal infection alone (p < 0.01).
It was concluded that endocervical micro-organisms even when treated may affect implantation
and this is enhanced when the semen has shown infection. The author has advocated testing for M.
hominis and U. urealyticum following miscarriage but no evidence was put forward that this would
lead to subsequent clinical improvement.

Antibiotics in Unexplained Pregnancy Losses
Antibiotics have been prescribed in some studies without bacteriological confirmation. The maternal
and fetal outcomes of the next pregnancy were recorded in 254 couples attending an infertility clinic
following one or more spontaneous miscarriages.27 One hundred couples requested antibiotics—96
received doxycycline 100 mg twice daily for 4 weeks or tetracycline 500 mg four times daily for 4 weeks
to cover C. trachomatis and mycoplasmas. In addition, 49 patients received erythromycin 500 mg four
times daily for 2 weeks. Four patients received ampicillin or cephalexin. There was a significantly lower
chance of miscarriage in the antibiotic treatment group (10%) compared to the untreated group (38%)
(p < 0.01). Premature rupture of the membranes occurred in 4% of the treated group compared to 46%
in the control group. The antibiotic group had a higher vaginal delivery rate (69% vs. 56%) (p < 0.01),
lower incidence of fetal distress (6% vs. 26%), respiratory distress syndrome, neonatal infection, a
higher birth weight and better Apgar scores. It was postulated that some spontaneous miscarriages may
be caused by bacteria present in the genital tract at the time of conception and that these bacteria may
have an adverse effect on the pregnancy.
Antibiotic therapy has been assessed for first-trimester threatened miscarriage in women with previous spontaneous miscarriage.82 Only those at a gestational age of less than 9 weeks were included.
Women with mild abdominal cramping received amoxicillin and erythromycin for 7 days. Severe
abdominal pain was treated with amoxicillin and clindamycin for 7 days. Twenty-two of the 23 pregnancies were carried to term. It was concluded that antibiotics might prevent pregnancy loss in women
with threatened miscarriage and that further clinical trials are warranted.
A randomized placebo-controlled trial was set up to determine whether metronidazole reduces early
preterm labour in asymptomatic women with positive vaginal fetal fibronectin in the second trimester
of pregnancy.83 The women had at least one risk factor including mid-trimester loss or preterm delivery,
uterine abnormality, cervical surgery or cervical cerclage. Nine hundred pregnancies were screened for
fetal fibronectin at 24 and 27 weeks of gestation and the positive cases were randomized to receive a
7-day course of oral metronidazole or placebo. The primary outcome was delivery before 30 weeks of
gestation and the secondary outcomes included delivery before 37 weeks. Fetal fibronectin was a good
predictor of early preterm birth with positive predictive values at 24 weeks of gestation for delivery
by 30 weeks of 26% and negative predictive value of 99%. The Trial Steering Committee stopped the
study early; 21% (11/53) of the women receiving metronidazole delivered before 30 weeks compared
with 11% (5/46) of those taking the placebo. Furthermore, there were significantly more preterm deliveries (<37 weeks) in women receiving the metronidazole 33/53 (62%) compared to placebo 18/46 (39%).
Treatment was initiated relatively late and damage would have preceded the metronidazole as all the
patients studied had positive fibronectin tests.
Patients with a history of previous recurrent second-trimester losses associated with failed cervical
cerclage were prospectively included in a study of low-dose antibiotics until delivery.84 Cerclage was
performed at 14–24 weeks’ gestation on the basis of transvaginal sonographic findings of cervical
funneling. The outcome was evaluated by weeks of pregnancy gained in the current pregnancy as
compared to the previous pregnancy. Ten patients were eligible for study and all ten achieved fetal
viability. Pregnancy was prolonged by a mean of 13.4 ± 4.2 weeks beyond the previous pregnancy.
This was highly statistically significant (p < 0.001). Continuous low-dose antibiotics prolonged pregnancy in patients with recurrent second-trimester pregnancy losses and prior failed cerclage. It was
concluded that randomized clinical trials are needed to confirm the role of antibiotics in these highrisk pregnancies.
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Future Developments
More than a century ago, Robert Koch devised a scientific standard for determining whether a
disease is a result of a specific micro-organism. Koch’s postulates stated that the pathogen should
be isolated from the diseased host, grown in pure culture, and reproduce the disease when inoculated into a susceptible host. Interestingly, Koch accepted that his postulates were not always useful
(cited by Fredricks and Relman 2). In recent years, a previously unexpected infectious etiology has
been demonstrated in a variety of clinical conditions. In gynecology, the role of the human papillomavirus in premalignant and malignant cervical disease has been confirmed, and in obstetrics,
there appears to be a link between premature delivery and BV. In IVF, we are learning that microorganisms in follicular fluid are associated with adverse pregnancy outcomes,85 and the presence
of periopathogenic micro-organisms or their products in human placentas may be related to the
pathogenesis of pre-eclampsia.86
Helicobacter pylori has become established as the cause of peptic ulceration. Fredricks and Relman2
have suggested that there are a number of chronic diseases, whose etiology remains obscure, but which
have characteristics indicating a microbial involvement. These diseases include Crohn’s disease, rheumatoid arthritis, systemic lupus erythematosis, atherosclerosis, multiple sclerosis, and diabetes mellitus.
These authors suggest that traditional technology for detecting pathogens is not sufficiently sensitive to
identify the micro-organisms responsible.
Whipple’s disease illustrates the limitation of conventional bacteriology. Whipple described the disease that bears his name in 1907. The syndrome consists of polyarthritis, weight loss, diarrhea, malabsorption, and lymphadenopathy. Whipple observed rod-like bacillary structures in mesenteric lymph
nodes raising the possibility of a bacterial etiology. Although the Whipple’s bacillus could be seen
by microscopy, it could not be grown in culture or in animal hosts and no successful serological test
could be devised. It was not until the arrival of molecular biology that the bacillus could be characterized. Fredericks and Relman2 concluded that failure to cultivate a micro-organism does not prove that
a disease is not due to a pathogen. Bacteria may cause chronic systemic disease spanning decades.
Furthermore, steroids may produce temporary improvement without proving that the disease is inflammatory or autoimmune rather than infectious. Finally, documented improvement or cure associated with
antimicrobial agents in a chronic disease suggests a microbial origin.
Bacteria have a remarkable propensity to survive even in the most hostile environments, including sea
ice and deep-sea hydrothermal vents with extreme temperatures and loaded with heavy metals.87 The
vast majority of micro-organisms are “unculturable” or “fastidious,” which means that they cannot be
identified by conventional culture techniques.88 Over the last few years, the development and application
of molecular diagnostic techniques has revolutionized diagnosis and monitoring of infectious diseases.
Molecular biological techniques are increasingly being adopted into clinical laboratories. These molecular methods have made it possible to characterize mixed microflora in their entirety including those
which cannot be grown in culture. Molecular studies of the vaginal flora have discovered many unculturable bacteria including bacteria in the Clostridiales order which are highly specific indicators of BV.
A more complete understanding of vaginal microbial populations resulting from molecular biological
techniques may lead to new strategies to maintain healthy vaginal floras and will provide opportunities
to explore the role of novel bacteria in reproductive tract disease.88
Biofilms develop by bacteria aggregating in a hydrated polymeric matrix of their own synthesis on
moist surfaces. They are inherently resistant to antimicrobial agents and are increasingly recognized
to be at the root of many persistent and chronic bacterial infections.89 Resistance of H. pylori infection to conventional therapies may be attributed to biofilm growing bacteria.90 Fredricks and Relman2
have observed that for more than a century bacteriologists have attempted to culture Treponema
pallidum and Mycobacterium leprae without success but the pathogenicity of these organisms is not
in doubt. These authors argue that just as we cannot cultivate known pathogens, we must accept the
possibility that other pathogens may exist that resist cultivation. They have provided a set of guidelines to help prove microbial disease causation using molecular biological sequence-based evidence
rather than culture.

296

Recurrent Pregnancy Loss

Some have concluded that the best evidence suggests that infection is an occasional cause of sporadic
spontaneous miscarriage and that recurrent miscarriage occurs with a much lower frequency. At the
other extreme, mycoplasmas have been found in 74% of spontaneous miscarriages with embryonic
death compared to 48% of the controls.79
Recently, attention has focused on the relationship between periodontal infection and adverse pregnancy outcomes, including late miscarriage.91 Periodontal disease is one of the most common chronic
infections with a prevalence of 10–60% depending on diagnostic criteria. So far there have been no
reports on any association between first trimester miscarriage and periodontitis. An Indian study has
shown a statistically significant relationship between maternal periodontitis and pregnancy duration.91,92
The authors recommended that oral hygiene maintenance should become part of antenatal care. A
larger study from Taiwan, however, did not confirm the relationship between periodontal health and
premature delivery but found a relationship with low birth weight.93
The antiphospholipid syndrome has been linked to recurrent miscarriage and other pregnancy complications. It may respond to thromboprophylaxis improving the live birth rate.94 Antiphospholipid antibodies may be associated with infection and one is left to contemplate the possibility that some cases of
recurrent miscarriage could be related to underlying treatable infection. In this context it is of interest
that antiphospholipid syndrome has been reported to disappear when H. pylori is eradicated.95
Whilst micro-organisms can be associated with miscarriage, the question will always arise as to
whether they are pathogenic or opportunistic. Ultimately, from a clinical point of view, what really matters is whether treatment can reduce the occurrence of miscarriage. A few clinical studies so far have
shown encouraging results and further research is warranted. It is recognized that screening for, and
treatment of, BV in early pregnancy among high-risk women with a previous history of second-trimester
miscarriage or spontaneous preterm labor may reduce the risk of recurrent late pregnancy loss and preterm birth. The fundamental question of efficacy of antibiotic treatment for BV before pregnancy in
women with recurrent early miscarriage has yet to be addressed in clinical studies. Developments in serological tests and molecular biological techniques are enhancing our capability to detect evidence of infections in obstetrics and gynecology. Ultimately, there is the option of a trial of therapy with a presumptive
diagnosis of genital infection being related to recurrent miscarriage without laboratory confirmation. The
antibiotics of choice, metronidazole and the macrolides such as erythromycin, are relatively innocuous.
Nevertheless, antibiotics should be used with caution as there is the potential risk of bacterial resistance.
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34
The Male Factor in Recurrent Pregnancy
Loss and Embryo Implantation Failure
Richard Bronson

Only recently have we come to ask what role the male might play in pregnancy loss and embryo implantation failure, beyond contributing an abnormal set of paternal chromosomes at fertilization. Recent
evidence suggests that these situations may be related to the transmission of previously unrecognized
chromosomal microdeletions or via the epigenetic dysregulation of embryonic gene function by spermatozoal micro-RNAs. In addition, the composition of seminal plasma has been found to be highly
complex, containing factors that play important roles in altering the uterine environment and the female
immune system permissive of embryo implantation and trophoectoderm outgrowth leading to successful pregnancy. Much of the information presented in this chapter is quite new, suggesting tantalizing
hints for clinical application through future translational research.

The Role of Spermatozoa in Pregnancy Loss
Chromosomes
Approximately 1% of sperm from normal ejaculates possess aneuploid sets of chromosomes, although
this incidence rises with disordered spermatogenesis.1 Diploidy is also rare in spermatozoa from
men with normal semen quality. In contrast to observations in women, aneuploidy does not increase
with male age, although the incidence of point mutation-related disease does. Exposure to chemotherapeutic agents and environmental pollutants have been shown to increase the incidence of sperm
aneuploidy. The discovery in 1978 that human spermatozoa could penetrate zona-free hamster eggs
allowed the first analysis of human sperm chromosomes;2,3 however, the technique is difficult. Sperm
fertilizing ability must be retained and the number of spermatozoa analyzed is low. Fluorescence
in situ hybridization (FISH) analysis using chromosome-specific DNA probes was developed in the
1990s.4 This technique allows sperm exhibiting abnormalities in motility or other aspects of fertilization to be assessed. Hundreds of sperm may be analyzed, but the number of chromosomes probed at
any one time is limited.

Sperm Aneuploidy and Male Infertility and Following Laboratory-Assisted Reproduction
Infertile men have an increased risk for autosomal and sex chromosomal abnormalities in their sperm,
which is roughly three times higher than in fertile controls.1 In an earlier review,5 no relationship was
found between the frequency of aneuploidy and sperm morphology in the face of normal sperm concentration and motility. However, more recent studies have found increased aneuploidy rates in these
cases.6 The discrepancy may be due to the fact that teratospermia is only a descriptive rather than
molecular diagnosis, and abnormal sperm shape may be caused by different etiologies.7 Macrocephalic,
multiflagellate sperm exhibit quite high frequencies of aneuploidy and polyploidy (50–100%), although
their finding is uncommon. An increased incidence of sperm aneuploidy is observed in men with oligospermia, as the sperm concentration drops below 10 million/mL (Table 34.1).5,6,8 Meiotic studies in
men with nonobstructive azoospermia, using immunocytogenetic techniques, have demonstrated errors
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TABLE 34.1
Comparison of Sperm Aneuploidy in Men with Mild, Moderate, and
Severe Oligospermia
Percent Aneuploid Sperm

Percent Diploid Sperm

0.72% (0.39–1.28)
1.85% (0.39–4.24)
1.75% (0.79–3.32)

1.13% (0.60–2.12)
3.03% (0.53–4.01)
2.98% (0.98–7.69)

Mild
Moderate
Severe

Source: Adapted from Martin RH. Cytogenet Genome Res 2005;111:245–9.
Note: Mild: oligospermia 10–20 million sperm/mL. Moderate: <10–1 million/mL.
Severe: <1 million/mL. Ten men were studied in each group. Fluorescence
in situ hybridization was performed for chromosomes 13,21,X,Y.

of chromosome synapsis and significantly reduced recombination. These men have an increased risk of
aneuploidy in sperm that have been surgically removed from the testes.9

Sperm Aneuploidy and Cancer
Aneuploidy has been assessed by FISH for chromosomes 13, 21, X and Y before, and 6, 12 or 18–24
months after the initiation of chemotherapy in men with testicular cancer and Hodgkin’s lymphoma and
compared with age matched controls. At 6 months, all cancer patients showed significantly increased
frequencies of XY disomy and nullisomy for chromosomes 13 and 21. Aneuploidy frequencies declined
to pretreatment levels 18 months after treatment initiation, in general, but persisted in some chromosomes for up to 24 months. As noted by Tempest et al.,10 it is important these men be made aware of the
potentially increased risk of an aneuploid fetus from sperm cryopreserved prior to chemotherapy, and
for conception to be avoided for up to 2 years after the initiation of treatment.

Chromosome Microdeletions and Duplications
Hysteroscopic observations of human embryos at the time of missed abortion prior to suction curettage have revealed that the majority of grossly abnormal embryos are aneuploid. However, a significant
minority of these embryos were euploid, raising the possibility of the presence of lethal chromosomal
micro-deletions or duplications that could not be detected by karyotyping.11,12 Comparative genome
hybridization (CGH) has the potential to allow simultaneous evaluation of all chromosomes at one time
and has the resolution to identify submicroscopic copy number variations. Ivanka et al.13 studied whole
genome imbalances in immature germ cells found in ejaculates of six males with idiopathic azoospermia and normal karyotype, using microarray-based CGH. Copy number variations were found in sperm
DNA of all analyzed patients. The most consistent were aberrations in Y-chromosome, which occurred
in 5 out of 6 patients (83.3%). In addition to Y chromosomal micro-imbalance, several other affected
loci were detected in autosomes. Stouffs et al.14 used array-CGH to study a group of men with nonobstructive azoospermia, as documented on testis biopsy, in the absence of Y chromosome microdeletions
and compared them with a group of normospermic males. Only genes documented by polymerase chain
reaction (PCR) to be present in testicular tissue and not present in controls were considered significant.
Ten regions of deletion or duplication were identified. The mechanisms whereby these genetic alterations lead to embryonic loss remains to be determined.

Effects of Environmental Toxicants on Chromosomes
A wide variety of environmental toxicants, such a pesticides, metals, and air pollutants have been shown
to disrupt spermatogenesis.15,16 For example, Marchetti et al.17 investigated whether occupational exposures to benzene increase the incidence of sperm carrying structural chromosomal aberrations. FISH
was used to measure frequencies of sperm carrying partial chromosomal duplications or deletions or
breaks among 30 benzene-exposed and 11 unexposed workers in Tianjin, China. Exposed workers were
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categorized into low-, moderate-, and high-exposure groups based on urinary benzene. Chromosome
breaks were significantly increased in the high-exposure group, raising concerns in exposed individuals
for infertility, spontaneous abortions, as well as inherited defects in their children.

Epigenetics: The Role of Abnormal Sperm DNA Methylation in Early Pregnancy Loss
A growing body of evidence suggests the importance of the epigenetic structure of sperm DNA. During
normal spermiogenesis, the majority of nuclear histones are replaced by protamines 1 and 2 (P1, P2),
leading to a highly compacted nuclear structure containing P1 and P2 in approximately a 1:1 ratio. An
abnormal P1/P2 ratio has been associated with reduced sperm concentration, abnormal sperm morphology, increased sperm DNA fragmentation, and reduced fertilization and implantation rates.18
The regulation of DNA methylation is essential to the normal function of gametes and embryo
development.19 Methylation is commonly found on cytosine residues of cytosine-phosphate-guanine
dinucleotides (CpGs) that regulate gene transcription at specific sites of promoter regions. While hypomethylation facilitates gene activation due to increased accessibility of DNA by polymerase, hypermethylation blocks its access and inhibits gene expression. Although the oocyte has the capacity to
correct some methylation defects in sperm, this most likely depends on the quality of the egg, as well as
the degree to which methylation was abnormal.
Approximately 5% of sperm DNA remains bound to histones at developmental gene promoters,
micro-RNA genes, and imprinted loci.20 The deleterious effects of severe sperm DNA methylation
defects on embryogenesis have been demonstrated in male mice and rats treated with the methylation
inhibitor 5-aza-20-deoxycytidine. This resulted in a global decrease in sperm DNA methylation levels,
reduced fertilization rates, and increased rates of preimplantation loss. On this basis, Aston et al.21
hypothesized that abnormal embryo development in women, in the absence of known female causes,
might be secondary to abnormal sperm epigenetic factors. They used an array-based DNA methylation
assay to study the genome-wide methylation status of sperm DNA at more than 27,000 CpG sites in
13 men where abnormal embryo development after in vitro fertilization (IVF)/intracytoplasmic sperm
injection (ICSI) was observed, in 15 men whose sperm displayed an abnormally high or low P1/P2
ratio, and 15 fertile normospermic controls. Altered methylation profiles were identified in three of 28
patients, but none of the controls.
The importance of environmental factors on genetic imprinting of the embryo, as mediated through
the male, has been demonstrated by Adam Watkins et al. They reported at the 46th Annual Meeting
of the Society for the Study of Reproduction, in 2013, that offspring in mice were heavier than normal,
with impaired glucose tolerance, when males were fed a low-protein diet. Hypomethylation at calciumsignaling and apoptotic pathway loci in sperm was observed. The uteri of females mated to these animals also exhibited decreased expression of prostaglandin and lipoxygenese genes, and reductions in
cytokine and glucose levels were observed as well. These findings suggest a uterine effect mediated
directly by spermatozoa or by a component of seminal plasma.

Spermatozoal RNAs
Previously, RNAs detected in the spermatozoon were assumed to be either degraded leftovers following
expulsion of the residual body during spermiogenesis, or contaminants from nongerm cells, as sperm
were considered transcriptionally inert. Newer evidence, however, indicates that sperm retain specific
coding and noncoding RNAs and a potential functional role after fertilization has been suggested.
Sandler et al.22 have recently reviewed the evidence that these sperm-derived RNAs are likely to play a
role in early post-fertilization development. The population of sperm RNAs is complex, including rRNA,
mRNA, and both large and small noncoding RNAs, such as miRNAs and piRNAs, which may possess
functional potential. Of note, miR-34c is essential to early embryo development, being required for the
first cellular division. Some noncoding RNAs may also act as epigenetic modifiers, inducing histone
modifications and DNA methylation, perhaps playing a role in transgenerational epigenetic inherence.23
Evidence for this thesis is provided by Fullston et al.24 who fed male mice a high fat diet, which
caused a 21% increase in their adiposity. Both the male and female F1 offspring exhibited impaired
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glucose tolerance and insulin resistance. Although fed normal diets, these animals were also obese.
Of interest, the F2 offspring were also affected, suggesting that environmental effects on fathers can
affect subsequent generations. A global reduction in methylation of germ-cell DNA in male mice fed a
high-fat diet was observed. In addition, altered content of micro-RNAs in the sperm of these mice was
detected. Target genes of some these micro-RNA are known to be important for embryonic development and metabolic function. These studies provide support for the thesis that spermatozoa possess
RNA subpopulations capable of altering the embryonic genome and that alterations in the pattern of
epigenetic marking may lead to significant changes in offspring.

Reactive Oxygen Species, DNA Damage and Recurrent Implantation Failure
“Oxidative stress” results from exposure of spermatozoa to excess reactive oxygen species (ROS), such
as hydrogen peroxide, superoxide anions, and hydroxyl radicals.25 These can originate via generation of
ROS by leukocytes, secondary to male genital tract infection, as a consequence of electron leakage from
the spermatozoon mitochondria and by deficiency in the antioxidants present within the male reproductive tract.26 The human sperm plasma membrane is especially vulnerable to oxidative stress because of
its high content of polyunsaturated fatty acids such as docosahexaenoic acid, which plays a physiologic
role in regulating sperm plasma membrane fluidity. It contains six double bonds per molecule and is
the main substrate for lipid peroxidation in the presence of ROS, leading to loss of sperm motility
and impaired gamete membrane fusion events occurring at fertilization. Sperm content of arachidonic
acid and docosahexaenoic acid varies widely between individual men.27 ROS also attack DNA bases
(especially guanine) and phosphodiester backbones, inducing the formation of DNA base adducts. This
process destabilizes the DNA structure resulting in DNA strand breaks. 8-hydroxy-20-deoxyguanosine
(8OHdG) is the major oxidized base adduct formed in this process, and sperm of infertile men contain
high levels of 8OHdG.
Spermatozoa are also particularly vulnerable to oxidative stress because of their deficiency in intracellular antioxidant enzymes due to limited cytoplasmic volume. Sperm then are especially dependent
on antioxidants present in the male reproductive tract secretions. The epididymal fluid contains several
antioxidants, including free radical scavengers such as vitamin C, uric acid, taurine, as well as the
antioxidant enzyme superoxide dismutase and a unique form of glutathione peroxidase. Experimental
deletion of this enzyme in male mice results in an increased incidence of miscarriage and birth defects
in wild-type female mice mated to such males.
DNA in the sperm nucleus is more vulnerable to oxidative attack than the cellular mechanisms regulating sperm motility or sperm-oocyte fusion. Hence, there can be instances such as paternal smoking, where the DNA is oxidatively damaged but the spermatozoon remains capable of fertilizing the
oocyte.28 While the egg can survey the DNA damage present in the sperm chromatin and repair it following fertilization, this ability is likely to vary between oocytes and with maternal age.29
Hendricks and Hansen30 have provided experimental evidence in cattle that oxidative damage to
ejaculated sperm leads to formation of embryos with reduced competence for development. Treatment
of bull sperm with menadione or tert-butyl hydroperoxide, to induce oxidative stress, reduced the proportions of oocytes that cleaved and those that developed to the blastocyst stage at day 8 after insemination. Burruel et al.31 studied whether oxidative damage of rhesus macaque sperm induced by ROS in
vitro would affect embryo development following ICSI of oocytes. Rhesus spermatozoa were treated
with 1 mM xanthine and 0.1 U/mL xanthine oxidase, to promote oxidative damage and then assessed
for motility, viability, and lipid peroxidation. Motile ROS-treated and control sperm were used for ICSI
of MII oocytes. Embryo growth was evaluated for 3 days of culture to the 8-cell stage. ICSI of oocytes
with motile sperm induced similar rates of fertilization and cleavage between treatments. However,
development to 4- and 8-cell stage was significantly lower for embryos generated with ROS-treated
sperm than for controls. Changes in transcript abundance resulting from sperm treatment with ROS
were also observed in 2-cell embryos.
Clinical IVF experience in humans bears out these experiments. A systematic review of 28 studies
evaluating sperm DNA damage and embryo development after IVF or ICSI revealed such an association
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TABLE 34.2
Comparison of Sperm DFI and Outcome of In Vitro Fertilization
(IVF)/ Intracytoplasmic Sperm Injection (ICSI)
DFI
Percent eggs fertilized
Percent good embryo
Abortion rate (ICSI)
(IVF)

≤ 9%

9–27%

≥ 27%

80 ± 14%
52% (11/21)
9% (1/11)
9% (2/23)

78 ± 17%
52% (23/44)
13% (3/23)
8% (3/36)

80 ± 18%
48% (10/21)
40% (4/10)
17% (2/12)

Source: Adapted from Lin MH et al. Fertil Steril 2008;90:352–9.
Note: DFI: DNA fragmentation index, reflecting the percent of spermatozoa with abnormal chromatin structure.

in half of the studies.32,33 This heterogeneity may well be a reflection of the extent of DNA damage
sustained by spermatozoa and the location of DNA adducts within the spermatozoon genome (Table
34.2). In addition, repair of sperm DNA by the oocyte after fertilization may vary between individuals,
as previously noted.

Causes of Increased Reactive Oxygen Species
DNA damage has been linked to chemotherapy and radiotherapy, cigarette smoking, varicocele, hyperthermia, and aging.34 Sperm motility and morphology have been shown to be impaired in smokers,
correlating with serum cotinine levels, as a measure of nicotine intake.35 As mentioned previously,
seminal fluid contains several antioxidants that play a protective role against sperm oxidative damage.
Unfortunately, these endogenous antioxidants are lowered in cigarette smokers. Seminal fluid vitamin
C levels are lower in these men and in those with reduced oral intake of vitamin C, but they can be
increased following increased dietary intake.36,37 Increased levels of reactive oxygen species and sperm
DNA damage can also be found in men with varicoceles38 and after varicocele repair, sperm DNA
fragmentation has been shown to decrease.39 The presence of a varicocele in oligospermic men has also
been associated with diminished seminal antioxidant capacity.

Anti-Oxidant Vitamins in the Treatment Oxidative Sperm DNA Damage
Two meta-analyses have been performed of studies regarding the use of antioxidant vitamins as treatment of DNA fragmentation secondary to oxidative stress. In one, 20 of the 65 published studies assessed
were chosen for further analysis. Eleven were placebo-controlled. Overall, 19/20 studies showed a significant reduction of oxidative stress or DNA damage after oral antioxidant treatment. Sperm motility
was improved in ten of 16 studies. There was no effect of antioxidants on sperm morphology and only
three studies reported positive effects on sperm concentration. Ten studies reported fertilization or pregnancy rates, with six reporting a significant improvement.40
A second meta-analysis included 34 trials with 2876 couples in total.41 Three of these trials reported
live births. Men taking oral antioxidants had a statistically significant increase in live birth rate (pooled
odds ratio [OR] 4.85, 95% confidence interval [CI] 1.92 to 12.24; p = 0.0008), when compared with those
taking the control. This result, however, was based on only 20 live births from a total of 214 couples
in three small studies. No studies reported harmful side effects of the antioxidant therapy used. It is
clear that further well-designed, large randomized placebo controlled trials are needed to confirm these
findings.

Effect of Paternal Age on Spermatozoa
While a slight paternal age-dependent increase in disomies of the sex chromosomes in spermatozoa
have been reported,42 age effects on autosomal aneuploidy are not detectable7,42 (Table 34.3). In
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TABLE 34.3
Is Age a Factor in Sperm Aneuploidy?
Age (n)

Aneuploidya

Diploidy

65 ± 24
58 ± 27
50 ± 19
47 ± 14
58 ± 22

20–29 (19)
30–39 (20)
40–49 (16)
50–59 (17)
60–80 (16)

18 ± 18
14 ± 10
8±5
11 ± 5
13 ± 12

Source: Adapted from Wyrobek AJ et al. Proc Natl Acad Sci
U S A 2006;103:9601–6.
a 10,000 sperm were studied by fluorescence in situ hybridization
for chromosomes 21, X, and Y in each man.

TABLE 34.4
Effect of Age of Men on Sperm DNA Damage
Age
20–29
30–39
40–49
50–59
60–80

Number

DFI (mean ± SD)

19
20
16
17
16

12.9 ± 7.7
16.3 ± 9.6
23.2 ± 14.9
35.4 ± 18.6
49.6 ± 17.3

Source: Adapted from Wyrobek AJ et al. Proc Natl Acad Sci
U S A 2006;103:9601–6.
Note: DFI: DNA fragmentation index, as determined by flow
cytometry, using the sperm chromatin structure assay.
DFI: the ratio of red fluorescing sperm (exhibiting DNA
damage) to the total [red + green] sperm, reflecting the
percent spermatozoa with abnormal chromatin structure.

contrast, a significant increase in syndromes such as achondroplasia and Apert syndrome, due to
single base mutations due to the continuous replication of male stem cells after puberty, have been
found more frequently with increasing male age. Paternal age has been correlated with increased
DNA damage in sperm donors and in men of infertile couples43,44 (Table 34.4) and the resulting
genetic mutations in the embryo might also lead to abortion. Slama et al.45 performed a prospective study of 5121 women, who were interviewed when they were less than 13 weeks pregnant, then
followed until birth. The risk of spontaneous abortion between weeks 6 and 20 of pregnancy was
adjusted for maternal age. The adjusted hazard ratio of spontaneous abortion associated with paternal age of 35 years or more, compared with less than 35 years, was 1.27 (95% CI: 1.00–1.61). Among
women aged less than 30 years, the hazard ratio of spontaneous abortion associated with paternal
age of 35 years or more was 1.56 for first trimester spontaneous abortion and 0.87 for early second
trimester spontaneous abortion.

Anti-Sperm Antibodies, Chlamydia, and Embryo Implantation Failure
An association has been found between the presence of antisperm antibodies in asymptomatic men
and women with no history of Chlamydia trachomatis infection and immunity to the C. trachomatis
60-kDa heat shock protein (hsp60).46 A soluble form of hsp60 has been detected in seminal fluid, and
this finding correlates with the presence of anti-chlamydial antibodies in these individuals. These circulating antibodies appear to be reactive with a specific region of hsp60, which is a conserved epitope
of the heat shock protein and shares 50% homology with an epitope on human spermatozoa. Witkin has
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proposed that as hsp60 is expressed on epithelial cells of human decidua, hsp-sensitized lymphocytes
will be reactivated, leading to immune rejection of the embryo.46

Seminal Fluid as an Immune Modulator Promoting Early Pregnancy
Accumulating evidence has revealed the complexity of seminal fluid, beyond its role as a transport
medium for sperm. These factors facilitate the implantation of embryos within the endometrium
through perturbation of the female immune system, and in the regulation of trophectoderm outgrowth
and early placental development. They include a high content of TGF-β47 and PGE prostaglandins.48
Semen contains 19-hydroxy PGE, which is not found in other secretions, and the concentration of PGE
prostaglandins in human semen is many times higher than that found in other body fluids. Other factors
in semen that may alter the female immune system include prostasomes,49 polymines,50 cytokines,51
soluble Fc-gamma receptors,52 pregnancy-associated plasma protein A (PAPP-A),53 vascular endothelial
growth factor (VEGF),54 and HLA-G.55
Seminal prostasomes are small membranous vesicles produced by epithelial cells of the human prostate. Tarazona et al.56 have shown by flow cytometric analysis that prostasomes express high levels of
CD48, the ligand for the natural killer (NK) cell activating receptor CD244, and may modulate NK
cell cytotoxicity, or lead to inhibition of cytokine secretion. Other ligands for NK receptors were not
expressed in prostasomes. Addition of prostasomes from ejaculates of men with normal semen parameters to NK cell obtained from peripheral blood of healthy donors resulted in a decrease in CD244+
expression, in a dose-dependent manner.
Seminal fluid content of TGF-β is approximately five-fold that of serum and similar to that of colostrum.57 The prostate has been identified as a major site of TGF-β in men, in contrast to rodents, where
the seminal vesicle is its principal source. Robertson et al.58 demonstrated that fetal loss and abnormalities are greater when preimplantation embryos are transferred to recipients after pseudo-pregnancy was
induced in mice mated with seminal-vesicle-deficient males (without exposure to seminal fluid TGF-β),
compared with seminal vesicle-intact intact males.
Gutsche et al.59 studied the expression in vitro of cytokine mRNAs in human endometrial epithelial
and stromal cells, demonstrating a concentration-dependent stimulation by seminal plasma of IL-1 beta,
Il-6, and LIF mRNA. Semen exposure in vivo also induces neutrophil recruitment into the superficial
epithelial layers of the cervix. Sharkey et al.60 studied the changes in the leukocyte population and
cytokines within the cervix following coitus. Matched cervical biopsies were obtained 48 hours apart in
the periovulatory period and 12 hours following either unprotected sexual relations, vaginal intercourse
using a condom, or in the absence of coitus. A significant increase in CD45+ cells consisting of CD14+
macrophages and CD1a+ dendritic cells expressing CD11a cells expressing MHC class II was observed
only following semen exposure. mRNA expression of CSF2, IL-6, IL-1A, and IL-8 increased, as judged
by quantitative reverse transcriptase polymerase chain reaction (RT-PCR) analysis of cDNA. When
mRNA from cervical tissue biopsies was reverse transcribed into cDNA and hybridized to Affymetrix
Human Gene 1.0ST arrays, 436 genes were found to be upregulated and 277 downregulated following
semen exposure! Seminal TGF-β may play a role in mediating these events, though other cytokines and
chemokines within semen, such as IL-8, CCL2 through CCL5, could also be important.

Effects of Seminal Fluid on Regulatory T Cell (T Reg) Lymphocytes
Successful pregnancy requires that the embryo be protected from damage by the maternal immune
system, through a state of active immune tolerance. Robertson et al.61 have recently reviewed emerging knowledge on how seminal fluid interacts with the female adaptive immune response in mice and
humans, leading to the formation in the peri-implantation period of regulatory T cells (Treg) cells,
which play a significant role in mediating this tolerance. Treg cells encounter antigens presented by a
specific class of dendritic cells (DCs) that differentiate in the presence of TGF-β, IL10, granulocytemacrophage colony-stimulating factor (GM-CSF), and IL-4. Prostaglandin E2 appears to synergize with
TGF-β in this role and enhances the inhibitory capacity of human CD4+ CD25+ Treg cells.62
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Aluvihare et al.63 showed, in mice, that CD4 +CD25+ Treg cells increase in number within days after
mating. Seminal fluid exposure activates and expands inducible regulatory T cell populations in lymph
nodes draining the reproductive tract, which are then recruited to the uterus. In women, an estrogenregulated increase in circulating CD4+CD25+FOXP3+ Treg cells has been observed during the late
follicular phase of the menstrual cycle, followed by a decline in the luteal phase. Estrogen also causes
elevated uterine expression of the chemokines CCL3, CCL4, and CCL5, which recruit Treg cells into
the uterus. Seminal fluid components promote expansion of specific clones of paternal antigen-reactive
Treg cells, acting in conjunction with their hormone-mediated peri-ovulatory expansion.61

Effects of Administration of Seminal Plasma on Establishing Pregnancy in Humans
Given the laboratory experiments in mice supporting a role of seminal fluid in promoting successful
pregnancy, clinical studies have been performed, to determine whether seminal fluid exposure at the
time of laboratory-assisted reproduction improved pregnancy rates. These studies have been inconsistent. Bellinge et al.64 found that embryo implantation rates during in vitro fertilization and embryo
transfer were higher in women exposed to semen at the time of follicular aspiration than in its absence.
This effect was observed in a subpopulation of women with occluded fallopian tubes, eliminating the
possibility of in vivo fertilization of oocytes that may not have been retrieved at follicular aspiration.
Subsequently, Fishel et al.65 failed to observe a difference in pregnancy rates when semen was deposited
intra-vaginally, immediately after the time of oocyte recovery. Tremellen et al.66 observed no difference
in pregnancy rates following transfer of frozen embryos, in a group of women who had coitus at the time
of embryo transfer versus a sexually abstinent group. However, the proportion of viable pregnancies at
6 weeks gestation was higher in the former group (OR 1.48, p = 0.036). In another study, when cryopreserved seminal plasma was placed intra-vaginally just after follicular aspiration, the clinical pregnancy
rate was 37.3% in the SP group versus 25.7% in the saline control group, but this difference did not
reach statistical significance.67 Embryo implantation rates were not different in a third study in couples
who had coitus at least once 12 hours after embryo transfer.68 Friedler et al.69 performed a double-blind,
placebo-controlled study of 230 couples undergoing in vitro fertilization in which 500 μL of fresh seminal plasma was injected into the vaginal vault immediately after follicular aspiration. Number of ova
recovered and number of cleaving embryos were comparable between groups. Although implantation
rates were higher in the seminal fluid exposed group than in the controls (21.4% versus 16.9%), as were
continuing pregnancy rates (32% versus 22.2%), these differences were not statistically significant. A
study in which seminal fluid was placed intra-vaginally at the time of intra-uterine insemination (IUI)
with spermatozoa washed out of semen also revealed no difference in pregnancy rate when compared
with a saline control.70 Unfortunately, all of these studies were of small size and often did not define
their clinical populations well.

Clinical Studies of T Regulatory Cells in Women
Experiencing Recurrent Pregnancy Loss
Jasper et al.71 collected endometrial tissue during the mid-luteal phase from nulliparous women experiencing unexplained infertility of at least 2 years duration and who had failed to conceive despite transfer
of ten or more good quality embryos following in vitro fertilization. Expression of mRNAs encoding
T cell transcription factors, including Foxp3 (an enhancer gene that plays a role in Treg generation),72
as well as TGF-β1-3, the major cytokines associated with Treg cell differentiation, the Th1 cytokines
IFN-α and IL-12, and Th2 cytokines IL-4, IL-5, and IL-10 was determined. Women of proven fertility served as controls. All of the subjects abstained from coitus from the date of their last menses until
endometrial sampling, or used condoms for contraception. A 43% reduction in endometrial mRNA
encoding Foxp3 was found in the infertile group, but no difference in TGF-β1 and TGF-β2 between
infertile and fertile women. Although TGF-β3 mRNA was reduced, this did not reach statistical significance. Th1 and Th2 cytokine expression was similar as well between groups. The diminished endometrial content of Foxp3 suggested that a possible decreased population of endometrial Treg cells of these
women might play a role in compromised embryo implantation.
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Sasaki et al.73 enumerated using flow cytometry CD4 +CD25bright regulatory T cells in peripheral
blood and decidua of women undergoing elective early pregnancy termination versus spontaneous
abortion. The proportion of Treg cells was significantly lower in specimens from the latter group
than those women undergoing induced abortions. Yang et al.74 compared 34 healthy women who were
undergoing elective pregnancy termination with 25 women with a mean number of 4.04 ± 1.24 successive spontaneous abortions in whom an etiology could not be found. Using flow cytometry to detect
CD4 +CD25bright T cells, the population of these Treg cells was significantly lower in the decidua of
recurrent aborters.
Schumacher et al.75 have shown that tissue containing decidua and placenta from women undergoing spontaneous abortion had significantly decreased human chorionic gonadotropin (hCG) mRNA
and protein levels associated with a decrease in Foxp3, neutropilin-1, IL-10 and TGF-β mRNA levels,
when compared with normal pregnant women. They demonstrated, using in vitro migration assays,
that Treg cells were attracted by hCG-producing trophoblasts and choriocarcinoma cells. Treg cells
isolated from peripheral blood of pregnant women (30 weeks of gestation) as well as nonpregnant
women after hCG exposure expressed the LH/hCG receptor on their surface. Given that abnormally
low serum concentrations of human chorionic gonadotropin (hCG) are associated with pregnancies
ending in spontaneous abortion, these finding raise the issue of whether the diminished number of
Treg cells observed by Sasaki et al.73 in women undergoing pregnancy loss are the cause or consequence of miscarriage.
Roberson61 has cited data documenting a variation in the competence of seminal fluid from different men to induce cytokine responses in cervical cells, which appears to be correlated with its TGF-β
content, as well as other signaling factors. A currently intriguing and unanswered question is whether
the male sexual partners of those women who experience recurrent pregnancy loss associated with
decreased numbers of Treg cells exhibit lower seminal fluid concentrations of TGF-β or E prostaglandins, which play roles in their generation.

Seminal Fluid HLA-G and Miscarriage
The nonclassical human leukocyte antigens, HLA-G, has been detected by Western blot analysis in
human seminal plasma samples. HLA-G expression was shown by immunohistochemistry in normal
testis and in epididymal tissue, but not in the seminal vesicle55. Soluble HLA-G in seminal plasma has
been found to induce a tolerogenic phenotype in DCs76 and can exert immune-modulatory effects in NK
cells and promote Treg cell induction.77
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Midtrimester Loss: The Role of Cerclage
and Pessaries
Israel Hendler and Howard J. A. Carp

Introduction
Cervical insufficiency is defined as the inability of the uterine cervix to retain a pregnancy in the
absence of contractions or labor. It is a clinical diagnosis characterized by recurrent painless cervical
dilatation and spontaneous midtrimester loss of a viable fetus. Generally, in the absence of predisposing
conditions, such as spontaneous rupture of the membranes, bleeding or infection, it may indicate a different origin for midtrimester loss rather than primary cervical malfunction or insufficiency.1 Cervical
insufficiency was first described in the English literature in 1678; however, even today the diagnosis is
clinical and made in retrospect after a poor obstetric outcome. The diagnosis is difficult to make and
is solely based upon careful history and review of the medical records, rather than accurate diagnostic
imaging studies or other laboratory tools. True cervical insufficiency is probably uncommon; however,
the lack of clear diagnostic criteria makes the incidence unknown.
Cervical cerclage was first introduced by Shirodkar in 1955; it is an appropriate and well-designed
solution for true cervical insufficiency. However, due to lack of strict diagnostic criteria, the indication
for cerclage are still far from clear as are the optimal methods and timing. This chapter focuses on
the diagnosis of cervical insufficiency, the obstetric management of pregnant women at high risk for
preterm delivery or midtrimester loss by ultrasonogarphic follow-up of cervical length, the particular
problems of cerclage in recurrent pregnancy loss (RPL), the role of transcervical and transabdominal
cervical cerclage, and the optimal timing and method of performing the procedure.

Pathophysiology
The pathophysiology of cervical insufficiency is poorly understood. The cervix develops from fusion
and recanalization of the distal paramesonephric (Müllerian) ducts,2 which is complete by approximately 20 weeks’ gestation and is composed of both muscle and fibrous connective tissue. The fibrous
component, which is responsible for the tensile strength of the cervix, increases in proportion from the
external os towards the body of the uterus Cervical insufficiency is thought to be related to a defect
in tensile strength at the cervicoisthmic junction.3 Previous authors postulated a deficiency of cervical
collagen, cervical elastin, or some other structural, mechanical component of cervical connective tissue
that normally resists softening, effacement, and dilatation caused by the gravitational effect of the fetus
and amniotic fluid. Although several theories of pathophysiology have been considered, the difficulty in
obtaining biopsy samples from the human cervix before, during, and after term and preterm deliveries
has hampered this understanding. In 1996, Iams et al.4 challenged the traditional understanding of the
cervix as being either “competent” or “incompetent.” Transvaginal ultrasonography (TVU) of cervical
length was performed in 2915 women at 23 weeks of gestation. Ultrasound revealed that the association
between cervical length and the risk of preterm delivery is evident across the entire range of cervical
lengths. Even among women whose cervical length was above the 10th percentile, the risk of preterm
delivery increased as cervical length decreased. This suggests that the length of the cervix is an indirect
indicator of its competence and it should be seen as a continuous rather than a dichotomous variable.
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The length of the cervix is directly correlated with the duration of pregnancy: the shorter the cervix,
the greater the likelihood of preterm delivery. However, the cervix is a dynamic structure in pregnancy,
occasionally shortening with no apparent relationship to uterine contractions. Iams et al.4 have proposed
the model of a continuum of cervical compliance (“competence”) similar to the natural biologic variation in the population in other physical traits, such as height and weight. In this model, cervical compliance and cervical length varies among women, and these qualities are just some of the components of
uterine function that affect the timing of delivery. The length of the cervix during the second trimester
in an obstetric population is distributed in a bell-shaped curve. The wide range in normal cervical
length (the 10th and 90th percentiles are 25 and 45 mm, respectively) during this period is due, in part,
to biologic variation, but may also result from premature cervical effacement. Although a short cervix
is predictive of preterm birth, it is not diagnostic of cervical insufficiency and many women who have a
congenitally short cervix deliver at term.5–9

Risk Factors for the Etiology of Cervical Insufficiency
Congenital Factors
A functional defect in the cervix can be caused by an anatomic abnormality (such as congenital
Müllerian anomalies, including canalization defects (e.g., septate uterus), unification defects (e.g., bicornuate uterus), and even arcuate uterus, in utero diethylstilbestrol (DES) exposure, or collagen disorders (e.g., Ehlers–Danlos syndrome). Congenital defects may explain the familial tendency for cervical
insufficiency. As an example, in one study, 34 of 125 (27%) women with cervical insufficiency had a
first degree relative with the same diagnosis, but none of the 165 unaffected women had a family history
of cervical insufficiency.

Acquired Factors
Obstetric Trauma
A cervical laceration may occur during labor or delivery, including spontaneous, forceps, vacuum, or
cesarean births. Laceration might weaken the cervix, and contribute to cervical insufficiency.10

Mechanical Dilation
Mechanical dilation of the cervix during gynecologic procedures may weaken the cervix. Prior cervical
mechanical dilatation is one of the most common associated risk factors. In a meta-analysis, an increasing number of voluntary pregnancy terminations was associated with an increasing risk of spontaneous
preterm births.

Treatment of Cervical Intraepithelial Neoplasia
Cervical biopsy, laser ablation, loop electrosurgical excision procedures (LEEP), or cold knife conization may all weaken the cervix.10,11 However, in most cases of presumed cervical insufficiency no known
risk factor can be found.

Diagnosis of Cervical Insufficiency
Unfortunately, there are no reliable prepregnancy tests to confirm cervical insufficiency in “at-risk”
women. In the past, clinicians have suggested a variety of tests including: assessment of the width of
the cervical canal by hysterosalpingogram and/or by hysteroscopy, ease of insertion of cervical dilators
of various diameters (Hegar test); the force required to withdraw a Foley catheter with its bulb inflated
through the internal os; and different methods to measure force required to stretch the cervix using
an intra-cervical balloon and vaginal examination on a weekly basis during the second trimester of
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pregnancy in high risk women with RPL to assess softening and shortening of the cervix. None of these
has been validated in rigorous clinical studies. The obvious flaw with these techniques is the failure to
account for the effects of pregnancy on the dynamic capabilities of the cervix.
With the advent of transvaginal ultrasonography and measurement of cervical length features such as
shortening, effacement, and dilatation with the presence of funneling and prolapse of the membranes,
have enabled clinicians to predict outcome long before symptoms occur; however, it is still unclear
if cervical shortening is indicative of a primary cervical problem. Between 20 and 28 weeks, most
women have a median cervical length of 35 mm that decreases gradually as pregnancy advances to
about 30 mm at term. Without any reliable, objective method of distinguishing cervical insufficiency
from other causes of premature cervical change, management is pragmatically based on combining
features within the history (e.g., previous painless dilatation, cervical surgery) with ultrasound findings.

Cervical Cerclage
Transvaginal cerclage in pregnancy was first reported in 1955; the case was performed by Dr. V.
Shirodkar, an Indian obstetrician. Shirodkar described 30 women who had 4–11 prior late miscarriages.
Shirodkar emphasized that his work was confined to women in whom he could prove the existence of
weakness of the internal os via repeated vaginal examinations. Many investigators have reported variations on the surgical technique of transvaginal cerclage, and the most common of these is the McDonald
procedure. A variety of technical aspects of cervical cerclage have been investigated for their efficacy in
prolonging gestation. Safety and effectiveness of technical aspects of cerclage may vary by the indications for this procedure. When first described cerclage was used for two indications: initially for prior
second-trimester loss with painless cervical dilation in the current pregnancy (i.e., physical examination
indicated) and soon after for recurrent second trimester loss, not attributable to other causes. Sixty years
later cerclage is performed in 1:54–1:220 deliveries worldwide, although there is still confusion about
the diagnostic criteria for cervical insufficiency and uncertainty regarding the benefits.

Techniques of Cerclage
McDonald’s Cerclage
The McDonald’s cerclage is performed using a permanent suture. It was originally described as follows:
the bladder having been emptied, the cervix is exposed and grasped by Allis’ or Babcock forceps. A
purse string suture of No. 4 Mersilk on a Mayo needle is inserted around the exo-cervix as high as possible to approximate to the level of the internal os. This is at the junction of the vagina and smooth cervix. Five or six bites with the needle are made, with special attention to the stitches behind the cervix.
These are difficult to insert and must be deep. The stitch is pulled tight enough to close the internal os,
the knot being made in front of the cervix and the end left long enough to facilitate subsequent division.
The ends are cut long to allow identification at term and facilitate removal.

Shirodkar Cerclage
Many modifications have been made, but in general, the Shirodkar technique involves dissection of the
vaginal mucosa and retraction of the bladder and rectum to expose the cervix at the level of the internal
os. The original technique was described as follows: (i) A strip of fascia lata 1/4 inch wide and 4 1/2
inches long, is removed from the outer side of the thigh, and each end of this strip is transfixed with a
linen suture. (ii) The cervix is pulled down, a transverse incision is made above the cervix as in anterior
colporrhaphy, and the bladder is pushed well up above the internal os. (iii) The cervix is then pulled
forward, toward the symphysis pubis, and a vertical incision is made in the posterior vaginal wall, again
at and above the internal os, going only through the vaginal wall. (iv) Through the right and left corner
of the anterior incision, an aneurysm needle is passed between the cervix and the vaginal wall until its
eye comes out of the posterior incision. (v) The linen attached to each end of the fascia is passed through
the eye of the aneurysm needle, and the right end of the fascia is pulled retrovaginally forward into the
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anterior incision. The same thing is done from the left side. (vi) The two ends of the strip cross each
other in front of the cervix and are tightened to close the internal os. The operator’s left index finger in
the internal os will indicate how much to pull on the strips. The assistant should be holding one end of
the strip with an artery forceps. (vii) The two ends are stitched together by a number of stitches that take
a bite of the muscle fibers of the lowest part of the lower uterine segment, using a small curved needle
and fine linen. (viii) Extra portions of the fascia are cut out, and the anterior and posterior incisions are
closed with chromic catgut No. 0.
Caspi et al.12 described a modification using a single transverse incision in the anterior fornix. A
monofilament suture is passed on each side, under the mucosa at the level of the internal os, from the
anterior incision to exit through the mucosa of the posterior cervix, and is then tied. The modified procedure has been compared with the original technique of Shirodkar in a randomized trial in 90 subjects
who lost their pregnancies despite having undergone McDonald’s procedure or with cervical anatomy
felt to be unfavorable for McDonald cerclage placement. Similar pregnancy outcomes were reported.
The investigators believed that the modified Shirodkar technique has the advantages of simplicity, ease
of removal, and lower incidence of severe vaginal discharge.

Evidence-Based Criteria for Cerclage Placement
History Indicated Cerclage
A minority of recurrent second trimester losses/births are primarily, and perhaps exclusively, caused
by congenital or acquired structural weakness of the cervix, and can be treated effectively with support by a “history-indicated” cerclage. The largest randomized trial for history indicated cerclage was
published in 1993 by the Medical Research Council/Royal College of Obstetrician and Gynecologists
(MRC RCOG). One thousand two hundred and ninety-two pregnant women whose obstetricians were
uncertain whether to recommend cervical cerclage, most of whom had a history of early delivery or
cervical surgery were randomized to cervical cerclage or a policy of withholding the operation unless
it was considered to be clearly indicated. The main outcomes were delivery before 33 or 37 completed
weeks and the vital status of the infant after delivery. There were fewer deliveries before 33 weeks in
the cerclage group (83 [13%] compared with 110 [17%], p = 0.03). There was a corresponding difference in very low birth weight deliveries (63 [10%] compared with 86 [13%], p = 0.05). The difference in
the overall rate of miscarriage, stillbirth or neonatal death (55 [9%] compared with 68 [11%]) was less
marked and was not statistically significant. The use of cervical cerclage was associated with increased
medical intervention and a doubling of the risk of puerperal pyrexia. The authors concluded that the
operation had an important beneficial effect in 1 in 25 cases in the trial. The authors recommended that,
on balance, cervical cerclage should be offered to women with a history of three or more pregnancies
ending before 37 weeks of gestation. It is now suggested to place history-indicated cerclage at 12 to 14
weeks for women who meet all of the following criteria: (i) two or more consecutive prior second trimester pregnancy losses or three or more early (<34 weeks) preterm births. (ii) Presence of risk factors
for cervical insufficiency, including a history of cervical trauma and/or short labors or progressively
earlier deliveries in successive pregnancies. (iii) Other causes of preterm birth (e.g., infection, placental
bleeding, multiple gestation) have been excluded.

Ultrasound Indicated Cerclage
The majority of women with suspected cervical insufficiency do not meet the above criteria for historyindicated cerclage. In women with a history of spontaneous preterm birth, a systematic review of controlled studies showed that measurement of cervical length in the second trimester, especially before 24
weeks, predicted the risk of recurrent preterm birth. The use of a TVU cervical length <25 mm at <24
weeks to predict preterm birth at <35 weeks has a positive predictive value of 33.0%, and negative predictive value of 92.0%. Figure 35.1a shows the sonogram of a normal cervix on ultrasound. As shortening of cervical length seems to be a continuous process, ultrasound can detect dilatation of the internal
os before the external os is affected. Figure 35.1b shows shortening of the cervical canal. The likelihood
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FIGURE 35.1 Ultrasound of cervical length. (a) Normal cervix of 35 mm length; (b) shortened cervix of 14 mm length.
These sonograms shows normal cervices. The cervix in (a) is completely closed with a length of 35 mm as seen between
the calipers. The cervix in (b) is 14 mm in length, but can still be competent.

ratio for spontaneous preterm birth <35 weeks is higher if the cervical length is shorter. Placement of
cerclage upon identification of a short cervix (“ultrasound-indicated cerclage”) is effective in reducing
preterm births and results in pregnancy outcomes comparable to those with history-indicated cerclage,
and avoids cerclage in about 60% of patients with a suggestive history. In a meta-analysis of randomized
trials of women with singleton gestation, a prior spontaneous preterm birth and short cervical length
<25 mm before 24 weeks, treatment with ultrasound-indicated cerclage significantly lowered the total
neonatal morbidity and mortality (15.6 versus 24.8% without cerclage; relative risk [RR] 0.64, 95%
confidence interval [CI] 0.45–0.91). The reduced morbidity was presumably a consequence of cerclage
significantly reducing the frequency of preterm birth (delivery <35 weeks RR 0.70, 95% CI 0.55–0.89;
28.4% versus 41.3% in women without cerclage).13,14
In another meta-analysis of randomized trials of women with singleton gestations and prior preterm
birth managed either by1 cervical length screening with cerclage for short cervical length or2 historyindicated cerclage, patients with ultrasound-indicated versus history-indicated cerclage had similar rates
of preterm birth before 37 weeks (31% versus 32%, RR 0.97, 95% CI 0.73–1.29), preterm birth before
34 weeks (17% versus 23%, RR 0.76, 95% CI 0.48–1.20), and perinatal mortality (5% versus 3%, RR
1.77, 95% CI 0.58–5.35), and only 42% developed a short cervical length and received cerclage.15
Figure 35.2 shows funneling of the internal os and shortening of the cervical canal. However, transcervical ultrasonography has a number of drawbacks. Figure 35.3 shows an apparently normal looking
cervix. Nevertheless, the application of light fundal pressure allows the insufficiency to become apparent, and grand multipara can have open cervices, without insufficiency. Hence, transcervical ultrasound
is not always selective, as Figure 35.1b shows. In patients with recurrent first trimester losses, it is also
not practical to screen all patients. Although the incidence of cervical incompetence,16 midtrimester
loss and preterm labor are higher after recurrent pregnancy loss16,17 (see Figure 37.4 in Chapter 37), this
higher incidence is probably not high enough to justify screening the entire population on a regular
basis. In patients who are screened, it is advisable to start cervical length screening at 14 weeks, but
screening may commence as early as 12 weeks in women with early second trimester losses, recurrent second trimester losses, or prior large cold knife conization. Ultrasound examination is generally
repeated every 2 weeks until 24 weeks, as long as the cervical length is ≥30 mm, and increased to
weekly if the cervical length is 25 to 29 mm, with the expectation that preterm cervical changes will
precede overt preterm labor or membrane rupture symptoms by 3 to 6 weeks. Transvaginal ultrasound
screening is usually discontinued at 24 weeks of gestation, as cerclage is not usually performed after
this time.
Women with risk factors for cervical insufficiency, such as uterine anomalies, prior minor cervical
surgery, or pregnancy termination, with no prior preterm delivery or late miscarriage and short cervical
length have been reported to show a correlation between the risk of preterm birth and short cervical length,
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FIGURE 35.2 Sonogram of cervical incompetence. This figure shows funneling of the cervix with a dilation of the
internal os. The remaining cervical canal from the funneling to the external os is extremely shortened.

FIGURE 35.3 A dynamic cervix. (a) Cervix with no fundal pressure; (b) cervix with fundal pressure. The cervix was
shortened from 28 to 0 mm during examination by light fundal pressure.

but data are limited. A wide range of recurrent preterm birth rates has been reported, depending on
the cervical length threshold used and the gestational age at the time of measurement. Cerclage does
not seem to benefit this population.
Progestogen administration has been reported to prevent preterm birth, either by 17 alpha hydroxyprogesterone caproate, vaginal micronized progesterone or dydrogesterone.18–23 No randomized controlled trial has directly compared progestogen administration to cervical cerclage for the prevention
of preterm birth in women with a sonographic short cervix in the midtrimester, singleton gestation,
and previous preterm birth. An indirect comparison meta-analysis concluded that vaginal micronized
progesterone and cerclage were equally efficacious in the prevention of preterm birth in this population24 Based on evidence from the direct comparisons in the randomized trials discussed above, we
treat women with prior preterm birth with intramuscular 17-alpha-hydroxyprogesterone caproate and
then perform cerclage if the cervical length shortens to less than 25 mm. We perform a single TVU
cervical length measurement at 18 to 24 weeks in women with risk factors for cervical insufficiency
and no prior delivery, and treat those with a short cervix (≤20 mm) with vaginal micronized progesterone supplementation listed above. In a meta-analysis of five trials, administration of vaginal
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progesterone to women with a short cervix reduced the rate of spontaneous preterm birth and composite neonatal morbidity and mortality.
If the patient delivers preterm, or has another midtrimester loss, subsequent pregnancies are managed
as described above. If the patient delivers at term, we again perform a single cervical length measurement at 18 to 24 weeks and administer vaginal micronized progesterone if the cervix is short.

Physical Examination Indicated Cerclage for Women Who Present with a Dilated,
Effaced Cervix and Visible Membranes prior to 24 Weeks of Gestation
A patient may present before 24 weeks with minimal or no symptoms and physical examination reveals
a dilated cervix. Occasionally, such findings may occur after diagnosis of a very short cervical length
(e.g., <5 mm) on TVU. The management of these patients is governed primarily by whether the condition requires prompt delivery, for example, if there is overt infection, ruptured membranes, or significant hemorrhage. In the absence of indications for delivery, the gestational age and degree of cervical
dilation are the next considerations. The goal of management is to both prolong the pregnancy and
improve neonatal outcome in the likely event of preterm birth.25–27
Data from several studies suggest that a grossly dilated cervix with visible membranes may be an
appropriate criterion for placement of a “physical examination indicated cerclage” in some cases (also
called “heroic cerclage” or “emergency cerclage”). Placement of a physical examination indicated cerclage when a dilated cervix and visible membranes are detected on digital examination at <24 weeks
appeared to prolong pregnancy and improve pregnancy outcome compared to expectant management
in a small randomized trial, a prospective study, and retrospective cohort studies. Due to differences in
patient populations, actual outcomes varied among these studies. Physical examination indicated cerclage in women with visible bulging membranes should only be considered in the absence of infection,
labor, and vaginal bleeding (abruption).
In women without clinical signs of infection, amniocentesis should be considered in order to exclude
subclinical infection.

Prior Successful Outcome after Cerclage
Prolongation of pregnancy after cerclage does not confirm the diagnosis of cervical insufficiency because
many pregnancies with premature cervical effacement have good outcomes in the absence of surgical
intervention. As discussed above, in randomized trials and controlled studies, about 60% of women
with a history of early preterm birth or recurrent late miscarriage maintain cervical length above 25 mm
and have low rates of recurrent preterm birth/loss without placement of a cerclage. Therefore, repeat
cerclage in subsequent pregnancies is not mandatory.
In women who received a cerclage in a prior pregnancy without an appropriate indication, especially
those who, after removal of cerclage at 36 to 37 weeks, did not go into labor in the subsequent 2 weeks,
the risk of preterm birth in a subsequent pregnancy probably does not warrant a history-indicated cerclage; instead we suggest TVU cervical length screening.

Prior Unsuccessful Outcome after Cerclage
Transabdominal cerclage may be successful in women who deliver very preterm despite placement of
a transvaginal cerclage.

Cervical Pessary
Another technique that has come into use for encircling the cervix is the cervical pessary. The Arabin
pessary is the most commonly used such device. However, the idea of using a pessary is not new. In
1959, Cross described the use of a ring pessary in patients with cervical incompetence, lacerations or
uterine malformations.28 Since then, other devices have been used including the Hodge pessary and
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donut pessary. The pessary has been described to act by pressing the internal os closed from behind,
and by changing the inclination of the cervical canal. This change of position may prevent direct pressure on the membranes at the internal os and on the cervix itself. The weight of the uterus may therefore
be directed towards the lower anterior uterine segment rather than the cervix. The pessary has been
reported to protect the cervical mucus plug by compressing the attachment of the remaining cervical
tissue. The cervical mucus plug may protect the intrauterine cavity from ascending infection and subsequent miscarriage or preterm labor.29,30
The most commonly used pessary was designed by Arabin. It is a round cone-shaped flexible silicone
pessary. The dome shape resembles the vaginal fornices, hence it attempts to encircle the cervix close
to the internal os. It comes in different sizes and has perforations in the silicone to drain the vaginal
discharge of the vaginal fornices.

Advantages of the Pessary
The pessary has a number of advantages over cerclage. The pessary can be fitted without anesthetic; it
is not invasive, as cerclage. There is no foreign body inside the tissue of the cervix, which reduces the
risk of infection. There is no fenestration from tearing of the cervical tissue, either by contractions, or
pressure necrosis of the tissue under the suture. As with other pessaries, the Arabin pessary changes
the uterocervical angle,31,32 making the angle more acute, thus moving the weight of the uterus to the
anterior segment. This change of angle is thought to prevent direct pressure on the membranes at the
internal cervical os. The pessary also protects the cervical mucus plug by pushing the internal os closed.
The cervical mucus plug may prevent ascending infection.31,32 Cerclage, on the other hand introduces a
foreign body close to the mucus plug and may enhance infection. If there is rupture of the membranes,
suture cerclage should preferably be removed in order to prevent infection. The pessary can, however
be left in situ, if the patient is managed conservatively.33 In addition, removal is relatively easy. In some
cases of cerclage, the suture may become embedded, making removal extremely difficult.

Correct Placement
If the Arabin pessary is used, the pessary should be lubricated, squeezed between thumb and fingers
and introduced into the introitus. Inside the vagina, the pessary is unfolded, so that the smaller inner
ring faces towards the cervix. The dome is pushed towards the fornices until the cervix is completely
surrounded. Once in place, the pessary should not be felt by the patient. Subsequently, digital examination or ultrasound can be performed to confirm that the cervix protrudes through the inner ring. Arabin
and Alfirevic34 have published a table recommending different sizes to be used in different indications.
The pessary should be removed if delivery is imminent, or if contractions are effective. However, in
normal circumstances, the pessary, as a suture, is removed at approximately 37 weeks. If there is cervical edema, removal may be painful. In any case, the cervix should be pushed back through the inner
ring of the pessary dome.

Results
Unfortunately, there is insufficient evidence to make definite recommendations. In 1990, Quaas et al.35
reported an observational study of the Arabin pessary in 107 patients. In 92 percent of patients, the
pregnancy was maintained until 36 weeks with no reported complications. Arabin himself, published
the results of a study on 46 women with a short cervical length <25 mm before 24 weeks.36 Twenty-three
had a pessary inserted, and the results compared to 23 women treated expectantly. The mean gestational
age at delivery was 35+6 weeks in the pessary group and 33+2 weeks in the control group (p = 0.02).
There have been two randomized control trials of the pessary in patients with a short cervix (below
25 mm); however, the results are conflicting. In Goya et al.’s33 trial, 385 women were selected on the
basis of a short cervix on vaginal ultrasound between 18 and 22 weeks; 192 women were randomized
to the pessary group. The use of the pessary was associated with a statistically significantly decrease
in the incidence of preterm birth prior to 37 weeks compared with the 193 women in the expectant
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management group (22% versus 59%; respectively, RR = 0.36, 95% CI = 0.27–0.49). There were also
fewer births before 34 weeks (6% versus 27%; RR = 0.24; 95% CI, 0.13–0.43), and before 28 weeks (2%
versus 8%; RR, 0.25; CI, 0.09–0.73). Additionally, women in the pessary group required less tocolytics
(RR 0.63; 95% CI 0.50–0.81) and corticosteroids (RR 0.66; 95% CI 0.54–0.81) than the expectant group.
However, Hsui et al.37 also assessed the pessary on 108 women with a singleton pregnancy who were
selected for a short cervical length at routine second-trimester ultrasound. Fifty-three women were randomized to the pessary group, whereas 55 women formed the control group. The investigators attempted
to make their control group placebo by simulating the insertion of a pessary. Pessary or sham treatment
was blinded to the patients. The mean gestational age at delivery was 38.1 weeks in the pessary group
compared with 37.8 weeks in the expectant management group. There was also no significant difference
in the rates of delivery before 28, 34, or 37 weeks. However, in Hsui et al’s37 study, some of the women
who would be expected to benefit were excluded, for example, women with a cerclage in a previous pregnancy, the presence of cervical dilatation, or a history of cervical incompetence were excluded.
In twin pregnancy, surgical cerclage is not generally thought to be helpful. However, the pessary has
also been tested in twin pregnancy;37,38 403 women with twin pregnancy were treated with a pessary
and the results compared with 410 women managed expectantly. Prophylactic use of the pessary did
not reduce poor perinatal outcome. However, in the subgroup of women with a cervical length below
38 mm. at 20 weeks, the incidence of poor neonatal outcomes was 12% (9/78) for the pessary group and
29% (16/55) for the expectantly managed group. The major effect was due to significantly less deliveries
before 32 weeks (14% versus 29%; RR, 0.49; 95% CI, 0.24–0.97).

Comparison of Treatment Modalities
There is only one publication comparing pessary treatment to cervical cerclage or progestogen treatment in patients with previous preterm births. Alfirevic et al.39 compared three cohorts of women with
previous preterm births and a short cervix; 142 women had a cerclage performed, 59 women received
vaginal progesterone, and 42 were treated by pessary. There were no significant differences in terms of
perinatal loss, neonatal morbidity, or preterm birth except for a higher rate of births before 34 weeks in
the vaginal progesterone group compared to the pessary group.
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Midtrimester Loss and Viability
Flora Y. Wong and Victor Y. H. Yu

Introduction
Chapter 37 shows that women with recurrent miscarriage have a higher incidence of preterm labor. In
addition, uterine anomalies and cervical incompetence are two causes of recurrent pregnancy loss that
predispose to second trimester fetal loss. Women with recurrent second trimester fetal loss contribute
disproportionately to the stillbirth rate, and second trimester delivery of live births contributes disproportionately to the neonatal mortality rate, thus, significantly increasing the overall perinatal mortality
rate. However, a proactive policy of transfer in utero of high-risk pregnancies in danger of extremely
preterm delivery in a tertiary perinatal center for management by maternal–fetal medicine specialists, together with competent resuscitation at birth and prompt initiation of neonatal intensive care by
neonatologists, have been found to improve survival and quality-adjusted survival for extremely low
birth weight (ELBW) infants born under 1000 g, including those born in the second trimester between
23 weeks and 26 weeks of gestation. However, morbidity remains high with the associated physical and
social handicaps. Clinical protocols have been established for the management of those infants born
alive at borderline viability, but continued advances made in the knowledge and technology in neonatal
intensive care have resulted in revisions of medico-legal and ethical guidelines as the first edition of
this book and will continue to do so. Principles behind decision-making on initiating and withdrawing
intensive care will remain interpersonal and intimate, respectful to the infants’ lives and their parents’
autonomy, and sensitive to the emotional concerns of parents and staff.

Contribution of Extreme Prematurity to Perinatal Mortality
The State of Victoria in Australia has a population of about 6 million and a birth rate of about 14 per
1000. The legal requirements for birth registrations in the state are that a stillbirth must be registered
if the gestation was 20 weeks’ gestation and above or, if the period of gestation was not known, a birth
weight of 400 g and over. Any infant, regardless of maturity or birth weight, who shows any sign of life
after being born, must be registered as a live birth (and if death subsequently occurred within 28 days,
as a neonatal death). Regional statewide perinatal mortality figures are generated from the information
collected.1 The scope of the perinatal death statistics includes all fetal deaths (at least 20 weeks’ gestation or at least 400 g birth weight) and neonatal deaths (all live born babies who die within 28 completed
days of birth, regardless of gestation or birth weight).
For the year 2009, there were a total of 73,241 births (of which 767 were stillbirths) in our state. The
perinatal mortality rate (PMR), based on the above definitions, was 13.6 per 1000 births (the stillbirth
rate was 10.5 per 1000 total births, and the neonatal death rate was 3.1 per 1000 live births). For the
purpose of international comparison, the World Health Organization (WHO) recommended the publication of a standard mortality rate in which the numerator and denominator are restricted to heavier
and more mature infants. A stillbirth is thus defined as a stillborn infant weighing at least 1000 g, or if
the weight is not known, born after at least 28 weeks’ gestation. A neonatal death is defined as a death
occurring within 7 days of birth in an infant whose birth weight is at least 1000 g or, if the weight is
not known, an infant born after at least 28 weeks. Our perinatal mortality rate, in accordance with
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TABLE 36.1
Contribution of Low Birth Weight and Preterm Births to Perinatal
Deaths in the State of Victoria (Year 2009)
Births (%)

Perinatal Deaths (%)

Birth weight
<2500g
<1500g
<1000g

6.4
1.2
0.6

82.4
70.1
63.6

<37 weeks
<32 weeks
<28 weeks

7.6
1.3
0.5

83.3
70.6
60.7

Birth weight

these WHO definitions, was 3.9 per 1000 births (stillbirth rate 2.8 per 1000, neonatal death rate 1.1 per
1000). Table 36.1 shows that ELBW infants have a major impact on perinatal mortality statistics that is
disproportional to their numbers.

Changing Viability in Extremely Preterm Infants
Population-based studies from a designated geographical region, rather than from a single institution,
are essential for the assessment of the true impact of maternal–fetal and neonatal intensive care practices
on the survival and long-term neurodevelpmental outcome of extremely preterm live births. Significant
numbers of preterm infants born outside perinatal centers might not be transferred by a neonatal emergency transport service (NETS) to institutions with a neonatal intensive care unit (NICU), and they
would die at their hospital of birth. Our research group, the Victorian Infant Collaborative Study (VICS)
has been reporting on the long-term outcome of a population-based ELBW cohort born in the State of
Victoria since 1979–80 and up to 14 years of age from the original report in 19832 up to 2013.3 Within
the state, there are three level III perinatal centers, each with its NICU and a fourth stand-alone NICU
in a children’s hospital. There are 39 level II special-care units and 150 level I maternity units with small
neonatal nurseries attached.

Place of Birth and Outcome
The three perinatal centers deliver only about one-quarter of the State of Victoria’s births. However,
70% of ELBW births were being delivered in the three hospitals even during the early years, indicating
that there was already an effective effort being made to identify women with high-risk pregnancies who
might deliver an ELBW infant, and they were being referred in utero by midwives and obstetricians
in the community for consultation by maternal–fetal medicine specialists within our perinatal centers.
For the remaining 30% ELBW infants who were born outside the perinatal centers, less than half (42%)
were transferred for neonatal intensive care after birth; those not referred, with very few exceptions,
died. The perinatal mortality rate of ELBW infants was significantly lower in those born in the perinatal
centers compared with those born elsewhere (72% vs. 93%) as were the stillbirth rate (36% vs. 59%),
and neonatal death rate (56% vs. 82%).4,5
By the late 1990s, more than 90% of ELBW were delivered in perinatal centers in Victoria. The
survival rate of ELBW infants was significantly higher in those born in the perinatal centers compared
with those born elsewhere. The difference in survival rates between inborn and outborn infants widened
progressively over time: the survival advantages for inborn infants over outborn infants were 12.0% in
1979–1980, 30.1% in 1985–1987, 36.5% in 1991–1992, and 43.6% in 1997.6
The VICS study defined long-term disability as severe if the child had cerebral palsy and was unable
to walk, low IQ defined as a psychological test score of more than two standard deviations below the
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mean, or bilateral blindness. Not only did our inborn ELBW infants have a significantly higher survival
rate compared with those who were outborn, the inborn survivors had also a significantly lower severe
disability rate. Quality-adjusted survival rate, estimated according to proportion of survivors with various severity of disability, was found to be significantly higher in inborn infants across the eras between
the 1970s and the 1990s.6 The high disability rate of outborn infants was attributable to suboptimal perinatal care, secondary to a failure or a delay in initiating intensive care among these outborn infants. The
progressively decreasing proportion of outborn ELBW infants over time reflects predominantly obstetric decision-making. It is important that the message of the advantages of in utero referral for ELBW
infants reaches all those involved in obstetric decision-making—not only obstetricians, but also other
health personnel such as general practitioners and nurses, as well as the parents of infants concerned.

Transfer In Utero Improves Outcome
The benefits of a more proactive transfer-in-utero policy to level III perinatal centers for management
were established when the early VICS regional cohort was compared with later VICS regional cohorts
born in 1997 and 2005. Not only was there a significant improvement in ELBW survival rate over the
3 decades from 25.6% in 1979–1980 to 66.9% in 2005,7 but there was a significant increase in qualityadjusted survival (based on level of disability) among ELBW survivors at our 2-year assessment: from
19.4% in 1979–1980 to 57.1% in 20057 (Table 36.2). Severe disability was defined as cerebral palsy in
children unlikely ever to walk, Bayley-III Scales or Cognitive Scale and Language Composite Scale
scores of less than −3 standard deviations (SD) (compared with the mean and SD for the controls comprising of randomly selected normal birth-weight and term infants) or blindness; moderate disability
as cerebral palsy in nonambulant children who were likely to walk or sensorineural deafness requiring
amplification or developmental scores from −3 SD to less than −2 SD; and mild disability as cerebral
palsy in ambulant children or developmental scores from −2 SD to less than −1 SD. “Utilities” for
survivors were assigned according to the severity of the disability: 0.4 for severe, 0.6 for moderate, 0.8
for mild, and 1 for no disability. Utilities were multiplied for children with multiple disabilities, and
therefore, the lowest utility possible for survivors was 0.064. Infants who died had a utility of 0. Infants
who survived but were not assessed were assigned a utility of 1. Quality-adjusted survival rates were
calculated by summing the utilities and dividing by the number of live births.
The VICS study identified that the primary factor in the improved outcome was the significant
increase in the proportion of the state’s ELBW infants was born within the three perinatal centers (from
70% to >90%). A secondary factor was a greater number of outborn ELBW live births who received
resuscitation and prompt intensive care even at the level II hospitals prior to the arrival of NETS.8
Comparing cohorts of ELBW infants born in 1979–1980 with those born in 1997, at 8 years of age,
TABLE 36.2
I mproving Survival and Quality-Adjusted (QA) Survival in a Population-Based Study
of Extremely Low Birth Weight (ELBW) Infants
Percentage of ELBW Infants in the Time Period
Birth Weight (g)
500–749
Survival
QA survival
750–999
Survival
QA survival
Total
Survival
QA survival

1979–1980
(n = 348)

1985–1987
(n = 560)

1991–1992
(n = 423)

1997
(n = 226)

2005
(n = 257)

6
4

9
8

33
26

63
47

45
36

37
28

57
48

72
62

86
73

90
79

26
19

38
32

57
48

75
61

67
57
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severe intellectual impairment was reduced from 10.3% to 4%, blindness from 7% to 1.8%, deafness
from 4.6% to 2.4%, while the cerebral palsy rate showed a trend of small nonsignificant increase from
6.6% to 9.7%.9 Notably, these figures show a large number of disabilities compared to normal birthweight controls.9 On the other hand, in spite of an increase in the consumption of hospital resources
that inevitably results from a proactive treatment policy, economic evaluation of efficiency in terms of
cost-effectiveness and cost–utility has remained unchanged.10

Risk of Recurrent Pregnancy Loss and Prematurity
Women with a history of pregnancy loss, when compared with those who have delivered a live birth,
are known to have a higher risk of pregnancy loss in previous and subsequent pregnancies. In our study
of women who had delivered an ELBW infant, the frequency of pregnancy loss in previous pregnancies was 41%. In subsequent pregnancies it was 31%.11 These rates are higher than that of 10–20%
reported for our general population. The perinatal mortality rate is also known to increase more than
three-fold among women with one prior preterm birth and at least one prior pregnancy loss. In our
study of women who had delivered an ELBW infant, the perinatal mortality rate of their subsequent
pregnancies was 51.7 per 1000 births. This was four times higher than that reported for our general
population in the same time period (12.8 per 1000 births of at least 20 weeks’ gestation and 400 g birth
weight). We also know that significantly more infants are born preterm when there is a previous history of perinatal loss or prematurity. In our study of women who had delivered an ELBW infant, the
prematurity rate was 28% and the low birth weight rate was 34% in subsequent pregnancies, which was
about six times higher than that of the general population. Those women who had a diagnosis of cervical incompetence were at the highest risk of a subsequent preterm birth. The low birth weight rates
among live births subsequent to the birth of an ELBW infant in our study was 36% less than 2500 g,
11% less than 1500 g, and 5% less than 1000 g.

Outcome According to Gestational Age
The use of birth weight as a framework for the reporting of outcome data is a convenient system for neonatologists who have an accurate measurement on which to base the study. However, gestational age, not
birth weight, is the parameter used by obstetricians as a guide to critical decisions on the management
of the mother and fetus. A proactive attitude among physicians in recent years has improved the survival
prospects, even among extremely preterm births of less than 26 weeks’ gestation.12 There is a tendency
to underestimate birth weight in preterm infants before birth, and the perinatal mortality of those with
clinical underestimation of birth weight is known to be higher than those with correctly estimated
birth weight. Therefore, studies with gestation as an independent variable in determining outcome are
required to assist obstetricians, neonatologists and parents in their decision-making process especially
prior to an extreme preterm birth.13,14
The first VICS regional cohort based on gestational age cohort consisted of 316 infants consecutively
born in the three years, 1985–87, at 24–26 weeks of gestation.15 Gestational age was calculated from
dates obtained by menstrual history, usually confirmed by ultrasound before 20 weeks of gestation. Of
the 95 5-year-old survivors, one was untraced but who was assessed at 2 years to be free of disability. Overall survival rate to 5 years was 30% and the severe disability rate among survivors was 11%
(Table 36.3). There was no trend in increasing disability with lower gestational age. Cerebral palsy was
diagnosed in 13%, bilateral blindness in 5%, deafness requiring hearing aids in 2%, and IQ more than
two SD below the mean in 7%. These outcome data were mostly favorable and better than that reported
in other contemporaneous regional cohorts born in other parts of the world.
Postnatal surfactant replacement therapy was introduced for routine clinical use in 1991 in the State
of Victoria. It has been proven to reduce mortality in randomized controlled trials within NICUs, but
regional data are vital to assess the impact of such a therapeutic innovation on a whole population.
Therefore, in our post-surfactant era (1991–92), VICS studied 401 infants consecutively born at 23–27
weeks of gestation in the State of Victoria.16 Of the 225 two-year extremely preterm survivors, 219
(97%) were assessed, in addition to 242 contemporaneous normal birth weight controls in which 2%
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TABLE 36.3
Extremely Preterm Infants: Survival and Disability Rates among Survivors in the Three Eras

Survival rate
23 weeks
24 weeks
25 weeks
26 weeks
27 weeks
Degree of disability
Severe
Moderate
Mild
None

1985–1987

1991–1992

1997

2005

(n = 316)
0%
12%
28%
45%
–
(n = 95)
11%
7%
25%
61%

(n = 428)
10%
33%
58%
72%
77%
(n = 219)
8%
13%
25%
54%

(n = 217)
45%
41%
77%
88%
88%
(n = 148)
16%
12%
24%
49%

(n = 270)
22%
51%
67%
82%
89%
(n = 172)
4%
17%
29%
51%

were found to have severe disability. Compared with our regional 1985–1987 cohort from the presurfactant era, survival rate had improved significantly (Table 36.3) with no significant change in their severe
disability rate (20% at 23 weeks, 14% at 24 weeks, 6% at 25 weeks, 9% at 26 weeks, and 1% at 27
weeks). The rate of blindness was, however, significantly lower in 1991–1992 (from 5% to 2%).
When parents are counseled at different time periods before and after the birth of their extremely
preterm infant, they wish to know not only whether their child would survive but also whether their
child would survive with or without disability. The 1991–1992 VICS regional cohort of infants born
at 23–27 weeks of gestation was assessed again at 5 years of age to allow a more certain estimate of
disability, and to determine how the prognosis offered to parents changed with increasing postnatal
age and when different perinatal variables were taken into account.17 Sixty-seven of the 401 extremely
preterm infants (17%) were born outside level III perinatal centers. Their place of birth was a significant
factor for survival: 62% for inborn infants and 28% for outborn infants. The attitude of the attending
physician determined whether intensive care was offered. Overall, 16% of live births at 23–27 weeks
were not offered intensive care and died on the first day: 69% at 23 weeks, 35% at 24 weeks, 6% at 25
weeks, 2% at 26 weeks, and 1% at 27 weeks. Nine percent of inborn infants were not offered intensive
care compared with 54% of outborn infants. Variables that were associated positively with survival
on day one were increasing maturity, antenatal corticosteroid therapy, multiple births, female sex, and
not being small for gestational age, and on day seven, grade three or four cerebroventricular hemorrhage. Outcome data were available for 221 (98%) survivors (and 245 contemporaneous normal birth
weight controls): nonambulatory cerebral palsy was diagnosed in 7%, bilateral blindness in 2%, deafness requiring hearing aids in 1%, and IQ score more than two SD below the mean for the normal birth
weight controls in 15%. Variables that were associated positively with survival free of major disability
on day one were postnatal surfactant therapy and the other factors associated with survival per se. On
day 28 and at hospital discharge, variables significantly associated with a lower rate of survival free of
major disability were grade three or four cerebroventricular hemorrhage, cystic periventricular leukomalacia, postnatal dexamethasone therapy, and surgery. Almost half the extremely preterm survivors
had none of these adverse prognostic variables (47%), and their major disability rate was 7%, not significantly different from the rate of 3% for normal birth weight children. The risks of major disability
increased to 17% with one adverse variable, 47% with two variables, and 67% with three variables.
The subsequent VICS regional cohort based on gestational age consisted of 208 consecutive live
births at 23–27 weeks’ gestation and 188 contemporaneous normal birth weight controls born in the
State of Victoria during 1997.18 Compared with our regional 1991–1992 cohort, the survival rate to 2
years of age had improved at each week of gestation with no significant changes in the disability rate
(Table 36.3). As the gain from a significant increase in survival was greater than the loss from a marginal increase in disability among survivors, the rate of survival free of disability was higher in 1997
compared with 1991–1992 both overall and in all gestational age subgroups. There was no gestational
age below which most survivors were disabled.
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The most recent VICS regional cohort studied 270 livebirths at 22–27 weeks’ gestational age, born
consecutively in Victoria during 2005,19 of which 172 (63.7%) survived to 2 years, not significantly
different from the survival rate of 69.6% for those born in 1997. Rates of severe developmental delay
and severe disability were significantly lower than in the very preterm survivors born in 1997. Qualityadjusted survival rates in the extremely preterm cohorts rose from 42.1% in 1991–92 to 55.1% in 1997,
but did not increase in 2005 (53.4%).19 The rate of cerebral palsy in our 2005 cohort is lower than that
in those born in Victoria in the 1990s (9.8% in 2005 versus 12% in 1997). One possible explanation for
this might be that most survivors would have received caffeine (which is known to reduce cerebral palsy
in very preterm infants20) in 2005 but not in the 1990s. Another possible explanation is that the use of
postnatal corticosteroids, also known to cause cerebral palsy, decreased substantially after the early
2000s compared with the 1990s.21

Comparison with Other Regional Studies
In a review of survival rates for extremely preterm infants born in North America, none of the studies
had regional or population-based cohorts that could be directly compared with our VICS study.22 Two
regional cohorts reported from the United Kingdom had survival rates at individual weeks of gestation lower than that in our study. In the Trent region of England, with an annual birth rate similar to
that Victoria (60,000), the survival rates to discharge home in a cohort from 1994 to 1997 were 14% at
23 weeks, 26% at 24 weeks, 41% at 25 weeks, 61% at 25 weeks, 75% at 27 weeks, and 85% at 28 weeks.23
For the same time period, survival rates from our VICS cohort were 25% at 23 weeks, 46% at 24 weeks,
79% at 25 weeks, 85% at 26 weeks, 82% at 27 weeks, and 91% at 28 weeks. The EPICure study reported
the outcome at 2.5 years of 23–25 weeks of gestation live births born in the United Kingdom in 1995.24
Comparative data from the VICS study of cohorts born both prior to the EPICure cohort (1991–1992)
and after the EPICure cohort (1997) are shown in Table 36.4. The 1991–1992 Australian cohort, which
was 3 years before the 1995 UK cohort, already had better survival, and the survival rate of the infants
born at 23–25 weeks’ gestation in the 1997 Australian cohort was more than double that of the UK
cohort (69% versus 29%) (Table 36.4). Hospital survival rates reported from a regional cohort from the
Netherlands relating to infants born in 1995 were extremely poor. The majority of deaths in that study
at 23 and 24 weeks occurred before admission to the NICU: 2% at 23 weeks, 3% at 24 weeks, 29%
at 25 weeks, and 54% at 26 weeks.25 Survival without disability rate was 23% in the EPICure study,24
compared to 48% in the VICS study in 1997.19 For the VICS cohort in 2005, survival rates to 2 years of
age have plateaued for ELBW infants in the late 1990s. The survivors in 2005 had lower rates of severe
developmental delay and severe disability compared with the late 1990s, but overall survival without disability rate remained similar to the 1990s. The one significant trend over a longer period of time, from the
late 1970s to 2005, in ELBW survivors has been the fall in the rate of blindness (from 6% in 1979–1980
to 0% in 2005).7 The EPICure2 study in the United Kingdom reporting on livebirths at 23–26 weeks of
gestation in 200626,27 showed both survival and survival without disability have increased from the 1995
cohort, but still lower than that reported in the VICS study in 2005 (Table 36.4).
Others have also reported long-term outcomes by birth weight from cohorts born in the 2000s.
Wilson-Costello et al.28 reported the results of a large, single-center, uncontrolled study of the outcomes
TABLE 36.4
Comparison between the Population-Based Victorian Infant Collaborative Study (VICS)
and EPICure Data for Infants Born at 23–25 Weeks’ Gestation

Survival rate
23 weeks
24 weeks
25 weeks
Survival without disability

VICS
1991–1992

EPICure
1995

VICS 1997

VICS 2005

EPICure
2006

38%
10%
33%
58%
54%

29%
10%
26%
43%
23%

69%
41%
41%
73%
48%

64%
22%
51%
67%
51%

51%
19%
40%
66%
34%
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of ELBW infants born in 2000–2005 compared with cohorts from the 1980s and 1990s. Of their cohort
of 223, the survival rate of 71% at 20 months was similar to the VICS cohort in 2005; the rate had
also plateaued since the 1990s. Tommiska et al.29 compared data from the Finnish national register
for ELBW infants born in 1996–1997 with those born in 1999–2000. Survival, the rates of cerebral
palsy, and blindness did not change significantly over time; no control data were available.29 In contrast
to the results in the VICS study, a population based Swiss study has shown an increase in survival
for extremely preterm infants at the limit of viability (22–25 completed weeks’ gestation) between
2000–2001 and 2003–2004. Survival rose from 31% to 40%, with most of the increase due at 25 weeks’
gestation; there were no controls and no long-term outcome data.30

Ethical Dilemmas Following Extreme Preterm Birth
Ethical problems of selective nontreatment arise in caring for extremely preterm infants when clinical
decisions have to be made after the birth of a live born infant to either withhold or withdraw intensive
care.31 Studies have shown great variability in doctors’ attitudes and their management policies for
extreme prematurity. There is a tendency for both obstetricians and neonatologists to underestimate the
potential for survival and overestimate the risks of disability for extremely preterm infants.32−34 This
problem becomes especially acute for parents who have lost a number of pregnancies, and the ELBW
infant may be the only live infant that they will have. Many neonatologists continue to selectively
resuscitate extremely preterm infants at birth, which means that live born infants are left to die through
withholding of intensive care. If doctors believe that the infant has little prospect for survival or survival
without disability, it is probable that their clinical management would be delayed or less than optimal
and may in fact be creating a self-fulfilling prophecy.35 An Australian survey in the 1980s had shown at
that time a great number of neonatologists selectively resuscitate extremely preterm infants at birth, suggesting that many of these live births were left to die through withholding of neonatal intensive care.32
More recent national surveys conducted in 2000 showed a more proactive resuscitation policy among
Australian obstetricians and neonatologist (Table 36.5).33,34

Decision to Withhold Intensive Care
In the majority of level III perinatal centers within developed countries, all infants with a birth weight
of more than 500 g or a gestation of 24 weeks or more are offered intensive care. At Monash Medical
Centre (MMC) in Australia, we have reported that 10% of 442 extremely preterm live births born at
23–28 weeks of gestation over a 10-year period, 1977–1986, were not offered intensive care, 4% had
obvious major malformations, and 6% were considered “nonviable,” for which resuscitation at birth
was not offered or was not successful.36 The proportion of live births in which treatment was withheld
at the time of delivery was 37% at 23 weeks, 17% at 24 weeks, 8% at 25 weeks, 1% at 26 weeks, 1%
at 27 weeks, and 0% at 28 weeks. This approach to offering intensive care was considered ahead of
its times even in developed countries 20–30 years ago.37 During an identical period, 1977–1986, in
another level III perinatal center within a few kilometers of MMC, 42% of similar live births born
at 24–26 weeks of gestation were not offered intensive care, all of whom died.36 This accounted for
a lower survival rate among their infants born at 23–28 weeks of gestation compared with those
in MMC (29% versus 44%), as the survival rate among those who were offered intensive care was

TABLE 36.5
 ercentage of Australian Doctors Who Would Recommend to Parents that Their
P
Extremely Preterm Infants Be Resuscitated at the Time of Birth

Obstetricians
Neonatologists

22 weeks

23 weeks

24 weeks

25 weeks

9%
13%

33%
48%

59%
92%

79%
100%
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similar. Our practice during the 1990s was consistent with what the Royal College of Paediatrics
and Child Health in the United Kingdom had published in 1997, which stated that it would not be
unreasonable to consider withholding treatment in an infant born at 23 weeks weighing little more
than 500 g.38 There is a general consensus in developed countries even to this day that parents of a
22-week infant should be discouraged from seeking active treatment and offered palliative care, those
of a 23-week infant should be supported for noninitiation of treatment, those of a 24-week infant
should be advised of commencement of resuscitation with noninitiation of intensive care treatment if
parents and clinicians felt this was indicated, whereas those of a 25–26 week infant should be encouraged to consent to intensive care.39−41

Decision to Withdraw Intensive Care
However, a proactive policy to initiate intensive care must take into consideration that a decision
to withdraw intensive care might have to be made in selective infants at a later stage in the course
of the infant’s treatment. In the event that the infant’s subsequent clinical course indicates that further curative efforts are futile or lack compensating benefit, intensive care should be discontinued
and palliative care, which provides symptomatic relief and comfort, should be introduced. This
approach, termed “individualized prognostic strategy” has been advocated as an acceptable and
preferred mode of operation in the NICU, one that has been endorsed by the Canadian Pediatric
Society and the American Academy of Pediatrics.42,43 The attending neonatologist has the primary
role as an advocate for the infant and medical advisor to the parents, whereas the parents act as
surrogates for their infant. The shift in emphasis from curative to palliative treatment requires consensus among all those involved in the care of the infant, both medical and nursing staff, as well
as consent from the parents who should be closely involved in this widely shared decision-making
process. At MMC, over an 8-year period 1981–1987, intensive care was withdrawn prior to death in
65% of 316 deaths.44 Among these infants, death was considered to be inevitable in the short term
even with the continuation of neonatal intensive care in 70% of the cases. In the remainder, the risk
of severe brain damage was considered to be so great that death was considered preferable to a life
with major disability. Therefore, in our NICU, full treatment until death is uncommon and occurred
in only one-third of cases. This experience was not unique as studies from other developed countries
showed that 30–80% of deaths in their NICU follow a deliberate withdrawal of life sustaining treatment.45−47 Some centers have reported that the primary mode of death in a NICU was withdrawal of
life-sustaining support.48
There are three clinical situations in which selective withdrawal of intensive care is appropriate. First,
there are few who would disagree that withdrawal of intensive care is morally and ethically acceptable
when death is considered to be inevitable and the infant is in the process of dying whatever treatment is
provided. Intensive care would be considered in these cases a futile exercise and not in the best interest
of the infant. Examples in this category include those infants with severe respiratory failure or fulminating sepsis who have persistent or worsening hypoxemia, acidosis, and hypotension unresponsive to
ventilatory and inotropic support. There is no obligation to provide futile medical care in such cases,
as no infant with progressive multiple organ failure survives even without withholding cardiopulmonary resuscitation. Second, it is appropriate to consider withdrawal of intensive care even when death
is not inevitable with continued treatment, but there is a significantly high risk of severe physical and
mental disability should the infant survive. Such a decision should not raise too many moral and ethical
problems if the infant’s development of self-awareness and intentional action is believed to be virtually
impossible or there is no prospect of the infant ever being able to act on his or her own behalf. One
scenario is that of an extremely preterm infant with large, bilateral parenchymal hemorrhages, infarcts,
and/or leukomalacia in the brain. Third, which is more controversial as an issue, is when survival with
moderate disability is possible with treatment, but the infant is likely to suffer persistent pain, require
recurrent hospitalization and invasive treatment throughout life, and to experience early death in childhood or early adulthood. This situation may arise with a preterm infant with severe chronic lung disease
nonresponsive to dexamethasone and with no prospect of being weaned from mechanical ventilation,
but for whom lung transplant is still considered an experimental option.
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The one principle with which all the guidelines proposed in the United Kingdom, Canada, USA, and
Australia agree, is that if continued life for the infant with treatment is a worse outcome than death,
then the principle of primum non nocere imposes a professional, moral, and humanitarian duty upon
neonatologists to withhold or withdraw life sustaining treatment. Infants cannot benefit from such treatment and death is not the worst outcome for them if they cannot be rescued from irreversible medical
deterioration and death, cannot have life prolonged without major sensorineural sequelae, and cannot be
relieved of ongoing pain and suffering. When the process of dying is being artificially prolonged, most
would agree that the harm of continued treatment exceeds any potential benefit. However, decisions
based on quality of life considerations are more difficult as there is inevitably imprecision in predicting
the risk of intolerable disability or suffering.

Medico-Legal Perspective
Very few cases of selective nontreatment have reached the courts. It is considered appropriate for these
difficult decisions to be made within the context of the infant/neonatologist/parent relationship and
experience has shown that there is no excessive abuse in such private decision-making processes. The
legal position appears to recognize the importance of respecting parental decisions but emphasizes that
the law court has the right to intervene and overrule a decision if that is necessary to protect the best
interests of the infant. The British legal system, for example, had upheld selective nontreatment in the
three categories of neonatal conditions referred to previously. First, selective nontreatment was ruled
to be legally acceptable when death was inevitable in the case of a hydrocephalic preterm infant on the
verge of death. Second, legal precedence for selective nontreatment for an infant with severe brain damage, who was neither dying nor in severe pain, was found in a case presenting to court with a high risk
of multiple sensorineural disabilities. Third, selective nontreatment was considered lawful in an infant
where the benefits of life with treatment failed to outweigh the burdens of a “demonstrably awful life”
of pain and suffering.

The Decision-Making Process
The importance of less medical paternalism and more informed parental involvement in the decisionmaking process of selective nontreatment must be emphasized. The neonatologist should never make
unilateral decisions regarding the right to die. Adequate and consistent parental communication carried
out by medical and nursing staff must begin with the admission of all infants into the NICU so that
trust can be developed between the parents and staff irrespective of outcome.49 An open-visiting policy
for families is essential to promote such parental contact.50 A realistic assessment of the infant’s clinical condition should be given by the neonatologist to the parents as soon as possible. The medical facts
should be presented with an honest, sympathetic, and caring attitude. Often the information has to be
repeated and reinforced by the entire staff. Otherwise, misunderstandings and unrealistic expectations
can lead to confusion, suspicions, bitterness, and frank hostility. As with most medical decisions made
by neonatologists that require parental informed consent, much of the discussion on selective nontreatment depends on trust in the knowledge, judgment, and integrity of the doctor. When a consensus has
been reached by the NICU staff that selective nontreatment is an appropriate option to raise with the
parents, one or more intense and intimate meetings would be required so that the crucial set of discussions could take place and in which a decision could be reached on the matter. These meetings usually
involve both of the parents, the attending neonatologist, a nurse representative, and a nonmedical staff
member who can act as the parents’ advocate, such as a medical social worker. Ways of minimizing the
chances of unresolved disagreements and of maximizing the chances of a just and ethical conclusion
have recently been reviewed.51
The principles underlining clinical practice and the decision-making process should be the same for
developed and developing countries, but there must be less medical paternalism and more informed
parental involvement in developing countries. Compared to developed countries, communications
between the medical and nursing staff and the parents are less adequate in developing countries. In
most developed countries, intensive care being routinely offered to all who have reached 24 weeks of
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gestation. Limited resources in developing countries, however, necessitate a different intervention point,
which may be 26 weeks or even 28 weeks.52 In recurrent pregnancy loss, additional factors need to be
taken into consideration, as the parents may have undergone numerous losses before reaching this stage.
They may be subject to further early losses, and may not reach this stage again.

Palliative Care
The neonatologist’s duty does not end with the decision for selective nontreatment. The principles and
guidelines for palliative care demand that basic nursing care should continue with the emphasis to provide comfort to the infant. Electronic monitoring of physiological parameters, diagnostic investigations
(such as x-rays and blood tests), medications (including oxygen and antibiotics), and therapeutic procedures (including resuscitation, all forms of assisted ventilation and intravenous infusion), which might
prolong the dying process, should be discontinued. Prolonged terminal weaning, defined as a stepwise
or gradual decreasing of ventilator support over a period of hours, is considered inappropriate. Dragging
out the withdrawal serves only to prolong the dying process and any attendant suffering. The argument
that the sudden withdrawal of ventilator support resembles an intentional killing does not hold merit,
as in both cases, a treatment on which the infant depends for life is being discontinued and death is the
expected outcome. The infant should be nursed in a normal cot and warmth provided by light clothing.
If the infant has apparent distress, symptomatic relief should be provided, such as suctioning to remove
oropharyngeal secretions and sedation with normal therapeutic doses of morphine, on a p.r.n. basis,
even if the pain relief measures may inadvertently shorten the dying process.
A controversial issue involves the withdrawal of enteral nutrition and hydration during palliative
care. Preterm or sick infants require gavage feeding, although it has been advocated that this feeding
method is part of medical treatment and should therefore be discontinued during palliative care, others
consider it as basic nursing care which must not be withheld under any circumstances.53 A number of
court decisions have supported the withdrawal of nutrition, thus equating the administration of artificial
nutrition with other medical procedures.54 Precedence has been set in a British court on the legality of
withholding gavage feeding. Nevertheless, most neonatologists would be reluctant not to provide gavage
feeding, even when it might be lawful and appears to be in the infant’s best interest. There is an obvious
perception of a moral difference between withdrawing ventilatory support and withholding fluids or
nutrition with selective nontreatment. The underlying principle is that naturally or artificially administered hydration and nutrition may be given or withheld, depending on the infant’s comfort.
Parents need a quiet place to be with their infant during the dying process. They may wish that other
family members and religious advisors be present. Hospice concepts have been applied to neonatal care
by providing a family room that is private yet close to the NICU and by training NICU staff in more
supportive approaches towards the families.55,56 Such a program allows the staff to cope better with
the dying infants offered selective nontreatment and facilitates the grieving process in the parents. In
certain circumstances, withdrawal of intensive care may be arranged to take place in the home, so that
death can occur in a more comforting environment for the family.

Conclusions
A proactive policy of resuscitation at birth and prompt initiation of intensive care has been shown to
be associated with an improvement in the survival of extremely preterm infants, including those born
in the second trimester, in regional population-based studies within the State of Victoria in Australia.
As a greater percentage of live births were offered intensive care in our series of studies that spanned
over 20 years, the survival rate rose progressively in all birth weight and gestation subgroups among
extremely low birth weight infants, including those who were born at borderline viability down to 23
weeks of gestation. Their quality-adjusted survival rate also rose progressively, as the large gains in survival over time had not been offset by significant increases in survival with disability. Cost-effectiveness
and cost–utility ratios remained stable overall, with efficiency gains in the smaller infants over time,
as more such infants were being transferred in utero and were born in level III perinatal centers with
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the regionalization of perinatal–neonatal healthcare programs. Multicentered collaboration to conduct
long-term studies of geographically defined cohorts provides unique information not available from
institution-based studies. Such data are vital for answering questions such as “how low should we go?”
Quality outcomes depend more on the comprehensive organization of an effective system of networking perinatal–neonatal services within a geographically determined region, than on the introduction of
expensive high-technology therapies within individual neonatal intensive care units.
Among the many neonatal ethical problems, the one that neonatologists are faced with on a regular basis involves the issue of selective nontreatment, that is, clinical decisions made after the birth
of a live born infant to either withhold or withdraw treatment in certain clinical situations. If medical doctors believe that the infant has little prospect for intact survival, their management would
be suboptimal and they create a self-fulfilling prophecy. A policy establishing criteria for initiating
life-sustaining treatment must be developed with proper consideration of the cultural, social, and
economic factors operating in the developed or developing country. There are infants whose subsequent clinical course after initiation of neonatal intensive care will indicate that further curative
efforts are futile or lack compensating benefit. A policy establishing criteria for withdrawing lifesustaining treatment must also be developed, to allow the appropriate use of palliative care in these
instances. The clinical situations in which selective nontreatment is taking place in the neonatal
intensive care unit are: (i) when death is considered to be inevitable whatever treatment is provided;
(ii) even when death is not inevitable, there is a significantly high risk of severe physical and mental
disability should the infant survive; and (iii) when survival with moderate disability is possible, but
the infant is likely to experience ongoing pain and suffering, repeated hospitalization and invasive
treatment, and early death in childhood.
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Obstetric Outcomes after Recurrent Miscarriage
Howard J. A. Carp

Introduction
Most work on recurrent miscarriage has concentrated on the causes, prognosis, treatment, and subsequent live birth rate. However, this group of patients is also at a higher risk for obstetric complications
such as bleeding, fetal anomalies, pre-eclampsia, intrauterine growth restriction (IUGR), preterm labor,
and perinatal mortality. Consequently, prenatal care should be modified to seek these complications.
It is unclear whether these late obstetric complications are associated with specific conditions such as
antiphospholipid syndrome or hereditary thrombophilias or are associated with recurrent pregnancy
loss per se. Various interventions have also been reported to affect the incidence of later obstetric complications. These interventions include paternal leucocyte immunization and intravenous immunoglobulin for unexplained recurrent pregnancy loss, anticoagulants and aspirin or intravenous immunoglobulin
for antiphospholipid syndrome, and anticoagulants for hereditary thrombophilias. This chapter assesses
some of the obstetric complications associated with different forms of recurrent pregnancy loss and the
treatment modalities that have been used.

Method of Study
Publications describing the obstetric complications in recurrent miscarriage were sought by a thorough literature search, including online databases, Medline, and Embase. The original database of the
“Recurrent Miscarriage Trialists group” is held by the author as one of the data contributors to that
database. Figures were also obtained from one of the author’s own database that contains information
on 3000 patients attending the recurrent miscarriage clinic of the Sheba Medical Center, Tel Hashomer,
Israel. The figures were entered into a computerized database and the figures analyzed.

Statistical Analysis
Odds ratios with 95% confidence intervals (CI) were calculated for for developing obstetric complications,
such as vaginal bleeding, anomalies, pre-eclampsia, IUGR, perinatal mortality, placental abruption, and
placenta praevia. When true incidences were available from cohort studies the relative risk were calculated. These figures were also compared in subgroups of patients and after various treatment interventions.

Incidence of Obstetric Complications after Recurrent Miscarriage
Most of the literature on obstetric complications comes from an era after antiphospholipid syndrome
had been defined, but before hereditary thrombophilias had been defined. Reginald et al.1 in a retrospective observational cohort study assessed the results of 175 pregnancies in 97 recurrently miscarrying
women whose subsequent pregnancy progressed beyond 28 weeks. However, the underlying causes of
recurrent miscarriage of this group of women were not documented. The results were not compared
with a control group attending the same hospital, but with standard figures from Scotland between
1973 and 1979. A significantly higher incidence of preterm deliveries, perinatal deaths, and intrauterine
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growth restriction was found. In contrast, Hughes et al.2 examined the obstetric outcome in 88 women
with a past history of three or more consecutive pregnancy losses and compared the results to a control
group drawn from their local obstetric population. The incidence of small-for-gestational-age infants
(3.4%), preterm delivery (12.5%), and perinatal mortality (0%) were no different to the control group. As
in Reginald et al.’s1 study, there was no mention of antiphospholipid syndrome. However, an increased
incidence of gestational diabetes and pregnancy induced hypertension was found. Tulppala et al.3 conducted a prospective study of 32 deliveries in 63 women with recurrent miscarriage and presented
the results of a detailed investigative protocol, including antiphospholipid syndrome. The incidence of
growth retardation (20%), preterm delivery (9.7%), and impaired glucose tolerance (22.8%) appeared
to be increased. Unfortunately, the results were not compared to any control population. Jivraj et al.4
studied a cohort of 162 women with recurrent miscarriage compared to local controls, and found an
increased incidence of the same complications as Reginald et al.,1 but also an increaded incidence of
cesarean sections, which were performed for the above obstetric conditions. Although that study did
define the causes of pregnancy loss in the control group, the figures were too small to allow comparisons to be drawn between different groups of patient. Thom et al.5 examined Washington State birth
certificate records for 1984 to 1987 to examine the association between spontaneous abortion, recurrent
miscarriage (RM) and adverse outcomes in the subsequent live birth. The results of 638 women with
three or more miscarriages were compared to those of women with no prior spontaneous abortions
(n = 3099). Women with RM had a higher risk of delivery at less than 37 weeks’ gestation, placenta
previa, premature rupture of membranes, breech presentation, and congenital malformations. The most
recent series is a population-based study, reported by Sheiner et al.6 in which all singleton pregnancies
were assessed in women with and without two or more consecutive recurrent abortions; 154,294 singleton deliveries occurred between 1988 and 2002 and 7503 of these deliveries occurred in patients with
recurrent miscarriage. The following complications were found to be associated with recurrent miscarriage: advanced maternal age, cervical incompetence, diabetes mellitus, hypertensive disorders, placenta previa and abruptio placenta, mal-presentations, and premature ruputre of membranes. A higher
rate of cesarean section was also found in patients with previous recurrent miscarriages compared to
controls (15.9% and 10.9%, respectively [odds ratio = 1.6; 95% CI, 1.5–1.7]). More recently, a literature
review by van Oppenraaij et al.7 for the ESHRE Special Interest Group for Early Pregnancy (SIGEP)
reported that recurrent miscarriage is associated with an increased risk for pre-eclampsia, placental
abruption, placenta praevia, premature rupture of membranes, preterm delivery, intrauterine growth
retardation, preterm delivery, low birth weight, and congenital anomalies.
An attempt was made to determine the common odds ratio for various late complications of pregnancy after recurrent miscarriage compared to controls. Reginald et al.’s1 series could not be included
as there was no relevant control group. Tulppala et al.’s3 series could not be included as there was no
control group. The other four publications were combined in a meta-analysis.

Vaginal Bleeding
The incidence of bleeding was only described in Reginald et al.’s series, quoted by Beard.8 Hence no
common odds ratio (OR) could be calculated. Vaginal bleeding seems to be increased in pregnancies
that develop. Vaginal bleeding is a common complication occurring in 50 of 162 women in Reginald’s
series7 and 50 of 102 patients in the author’s series.9 The reason for this bleeding remains unclear;
75% of habitual abortions are blighted ova.9 However, when the pregnancy succeeds and there is a live
embryo within the uterus, bleeding still occurs in 40–50% of patients.

Anomalies
There is little information available on anomalies. Sheiner et al.’s6 study reports two anomalies in 29
patients. Although a very small series, the figures are higher than expected. Analysis of the figures in
the RMITG trial10 showed an anomaly rate of 4%. In the author’s series, there were three anomalies
in 99 developing pregnancies in nontreated patients. However, in the RMITG and author’s series, no
control group is available. In Thom et al.’s report,5 women with a history of recurrent miscarriage were
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Study

RPL
Control
Diabetes/total Diabetes/total

Weight

Hughes et al.2

15/88

359/12590

0.60% |

7.0006 (3.9771 to 12.3228)

Jivraj et al.4

3/162

198/24699

0.37% |

2.3348 (0.7387 to 7.3791)

Sheiner et al.6

863/7503

7927/146791

99.03%

2.2768 (2.1135 to 2.4528)

Common
odds ratio

881/7753

8484/184080

100%

2.3054 (2.1416 to 2.4816)

0.1

1
10
OR (log scale)

OR
with 95% CI

100

FIGURE 37.1 Odds ratio for gestational diabetes in recurrent pregnancy loss.

found to have a higher risk of delivering a child with congenital malformations (relative risk [RR]
1.8, 95% CI 1.1–3.0) than normal controls. However, many embryos with severe anomalies will be lost
as miscarriages (see Chapter 11), and routine ultrasound systems scans will pick up a number of additional fetuses with anomalies. As many patients with malformations in the fetus elect to terminate the
pregnancy, the incidence of anomalies at birth may not be higher today than in the general population.

Diabetes
Three papers describe the prevalence of diabetes. Hughes et al.,2 Jivraj et al.,4 and Sheiner et al.6 as a
control group was available, their common OR could be determined for 7753 patients with recurrent
miscarriage and 172,490 control patients. The prevalence of diabetes was 11.75% and 4.95% in recurrently miscarrying and control patients, respectively. The odds ratios are summarized in Figure 37.1. As
can be seen, there was a common OR of 2.30 for gestational diabetes in recurrent pregnancy loss. This
figure was statistically significant (95% CI 2.14–2.49). Tulppala et al.3 also found a prevalence of 22.6%
(7/31 patients tested).

Pregnancy Induced Hypertension
Hughes et al.,2 Jivraj et al.,4 Thom et al.,5 and Sheiner et al.6 quoted the incidence of pregnancy induced
hypertension (PIH). The figures are summarized in Figure 37.2. In order to obtain significant numbers,
the figures for pre-eclampsia and other forms of pregnancy induced hypertension were analyzed as a
whole. The common OR was 1.13 (CI 1.01–1.25), which was statistically significant. Neither Reginald
et al.1 nor Tulppala et al.3 quote figures for pregnancy induced hypertension.

Intrauterine Growth Restriction
The same four papers as above give figures for IUGR. Thom et al.5 quoted a relative risk of RR 2.0,
95% CI 1.4–2.8. Reginald et al.1 reported a 33% incidence in 344 pregnancies prospectively followed
up, and reported that this showed a relative risk of 3 compared to the standard Scottish population.

Study

RPL
PIH/total

Control
PIH/total

Weight

OR
with 95% CI

Hughes et al.2

2/88

333/15590

0.54% |

1.0655 (0.2611 to 4.3474)

Jivraj et al.4

12/162

198/24699

0.35% |

9.8994 (5.4091 to 18.1173)

Thom et al.5

26/577

189/2779

9.16% |

0.6466 (0.4248 to 0.9843)

Sheiner et al.6

383/7503

6606/146791

89.95%

1.1415 (1.027 to 1.2688)

Common
odds ratio

423/8330

7326/189859

100%

1.1267 (1.0185 to 1.2463)

0.1

FIGURE 37.2
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Odds ratio for pregnancy induced hypertension in recurrent pregnancy loss.
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Study

RPL
IUGR/Total

Control
IUGR/Total

Weight

OR
with 95% CI

Hughes et al.2

3/88

180/12590

0.72% |

2.4333 (0.7622 to 7.768)

Jivraj et al.4

21/162

523/24699

1.78% |

6.8847 (4.3178 to 10.9776)

Thom et al.5

60/631

141/3065

13.06% ||||

2.1791 (1.5901 to 2.9863)

Sheiner et al.6

150/7503

2956/146791

84.44%

0.9926 (0.841 to 1.1715)

Common
odds ratio

234/8384

3800/187145

100%

1.2627 (1.1015 to 1.4475)

0.1

FIGURE 37.3
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Odds ratio for intrauterine growth restriction in recurrent pregnancy loss.

Tulppala et al.3 also reported a 20% incidence (6/30 pregnancies). However, when the four papers
with control groups are taken together, the common OR for developing IUGR is 1.26 (CI 1.10–1.44)
(Figure 37.3). The relationship between two or more miscarriages and IUGR (OR 1.4, 95% CI 1.2–1.6)
has been found in a large population-based Danish study.11

Placental Abruption
Only Thom et al.5 and Sheiner et al.6 have reported a higher risk of placental abruption after two or more
miscarriages. None of the other publications mentioned reported on placental abruption specifically.
The results are summarised in Figure 37.4. There was a common OR of 5.8 (CI 5.1–6.6).

Placenta Previa
RM has been associated with an increased risk of placenta praevia (RR 6.0, 95% CI 1.6–22.2) in subsequent ongoing pregnancies in Thom et al.’s5 study. None of the other publications mentioned above
reported on placental previa specifically. The results are summarized in Figure 37.3.

Preterm Labor
Comparative figures are available for preterm labor from Hughes et al.’s2 and Jivraj et al.’s4 and Thom
et al.’s5 series. Figure 37.5 summarizes the results. Again, there was a statistically significant association between preterm labor and recurrent pregnancy loss. The common OR was 1.74 (CI 1.38 – 2.19). In
Reginald et al.’s1 series, there was a 28% incidence of preterm labor. The relative risk was 3.3 when compared to the Scottish data for the equivalent period. Tulppala et al.3 quoted a 9.7% incidence in their series.

Perinatal Mortality
Again, there was an increased tendency for mortality after recurrent pregnancy loss with a common
OR of 1.22 (CI 1.02–1.46). This is summarized in Figure 37.6. However, the perinatal mortality may
be artificially low due to obstetric intervention for other complications in pregnancy. Reginald et al.1

Study

RPL
Control
Abruption/total Abruption/total

Weight

OR
with 95% CI

Thom et al.5

5/400

25/2880

5.91% |

1.4456 (0.5502 to 3.7978)

Sheiner et al.6

308/7503

1027/146791

94.09%

6.0757 (5.3377 to 6.9158)

Common
odds ratio

313/7903

1052/149671

100%

5.8019 (5.1023 to 6.5974)

0.1

FIGURE 37.4 Odds ratio for placental abruption.
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Study

RPL
PTD/total

Control
PTD/total

Weight

OR
with 95% CI

Hughes et al.2

11/88

1075/12590

14.33% ||||

1.5302 (0.8111 to 2.8871)

Jivraj et al.4

22/162

959/24699

11.86% ||||

3.8901 (2.4702 to 6.126)

Thom et al.5

63/583

220/2820

73.81% |||||||||||||||||||||||||||| 1.4318 (1.0655 to 1.924)

Common
odds ratio

96/833

2254/40109

100%
0.1

1
OR (log scale)

||||||||||||||||||||||||||||| 1.7374 (1.3756 to 2.1944)

10

FIGURE 37.5 Odds ratio for preterm labor in recurrent pregnancy loss.

Study

RPL
Mortality/total

Control
Mortality/total

Weight

Association measure
with 95% CI

Hughes et al.2

0/88

4.6/1000

0.37% |

1.1032 (0.0599 to 20.3054)

Jivraj et al.4

2/162

247/24699

1.59% |

1.2374 (0.3051 to 5.0189)

Sheiner et al.6

128/7503

2055/146791

98.04%

1.2224 (1.021 to 1.4636)

Common odds ratio

130/7753

2306.6/172490

100%

1.2227 (1.023 to 1.4612)

0.01

0.1

1
10
OR (log scale)

100

FIGURE 37.6 Odds ratio for perinatal mortality in recurrent pregnancy loss.

reported considerably higher than the standard figures for England and Wales in the same period of time
with 19 perinatal deaths in 118 infants (16.1%) when the perinatal mortality was 10.1/1000. Tulppala
et al.3 does not quote perinatal mortality.
It seems, therefore, that the currently available literature on the obstetric and neonatal outcome of
pregnancies from women with a history of recurrent miscarriage shows a consistently worse prognosis.
However, it is unclear whether the worse prognosis is only found in patients with predisposing causes,
such as antiphospholipid syndrome and hereditary thrombophilias, or is also present in patients with
unexplained pregnancy losses.

Antiphospholipid Syndrome
In the author’s series,12 the outcome of 24 pregnancies in patients with lupus anticoagulant and five or
more first trimester abortions was compared to 22 pregnancies in women with no antiphospholipid antibodies and five or more miscarriages. The subsequent number of first trimester miscarriages, and the
live birth rate was similar in both groups of patients. However, the incidence of second or third trimester
fetal deaths, intrauterine growth restriction, and need for premature induction of labor or preterm cesarean section was significantly higher in the antiphospholipid syndrome (APS) patients. The similar live
birth rate was only obtained by early obstetric intervention to prevent intra-uterine fetal deaths. A number of other publications have attested that the risk of obstetric complications is high in antiphospholipid
syndrome.13,14 The incidence of pre-eclampsia is particularly high in APS.14,15 IUGR has been reported
with a frequency ranging from 30% to 12% in different series. Some series show a significant increase
in the incidence of IUGR,16,17 whereas other studies have not confirmed the increased incidence.18,19 The
incidence of preterm labor is also increased in APS patients.16 Recently, Bouvier et al.20 have reported
the results of 513 women with APS and 791 women negative for antiphospholipid antibodies who served
as controls. Among women with a history of recurrent miscarriage, APS women were at a higher risk
than other women of pre-eclampsia, placenta-mediated complications, and neonatal mortality.
The currently accepted optimal treatment regimen for APS is heparin or low molecular weight heparin (LMWH) with the addition of low dose aspirin. However, anticoagulants do not seem lower the
incidence of obstetric complications associated with this syndrome.21−23 Intravenous immunoglobulin
(IVIg) may have a beneficial effect in APS, as the action and production of aPL are inhibited by IVIg.
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The F(ab’) fragment of IVIg inhibits binding of anticardiolipin antibody to cardiolipin in dose dependent manner.24 The F(ab’) fragment of IVIg inhibits lupus anticoagulant activity.25 IVIg lowers levels of
ACA after each infusion.26 IVIg may contain antiidiotypic antibodies to aPL, or inactivate B cell clones
leading to decreased autoantibody production.27 IVIg seems to have no apparent benefit over anticoagulants in terms of live births. However, when the obstetric complications are considered, a different
clinical picture emerges. Vaquero et al.28 compared IVIg to prednisone and aspirin. The prevalence of
IUGR and preterm labor was similar in both groups, but the prevalence of pregnancy induced hypertension and gestational diabetes was significantly lower (p < 0.05) after IVIg (5% of 41 patients and 14% of
22 patients, respectively) for each condition. Branch et al.29 compared IVIg to placebo; there were fewer
cases of IUGR after IVIg (14% of seven patients compared to 33% of nine patients, respectively), and
fewer admissions to the neonatal intensive care unit (14% of seven patients after IVIg compared to 44%
of nine, respectively). Harris and Pierangelli30 reported that pre-eclampsia, IUGR, and prematurity were
reduced when IVIg was compared to prednisone and aspirin or heparin and aspirin.

Hereditary Thrombophilias
There have recently been numerous publications associating genetic predispositions (hereditary
thrombophilias) to thrombosis with pregnancy loss. Hereditary thrombophilias include proteins C,
S or antithrombin III deficiencies, activated protein C resistance (APCR), factor V Leiden mutation,
the prothrombin gene mutation (G20210A), and excessive factor VIII. The features of hereditary
thrombophilias and the effects on obstetric complications are discussed in the chapter on clotting
disorders. Kupferminc et al.31 have reported an association between thrombophilias and severe preeclampsia, placental abruption, IUGR, and stillbirth. However, these findings have been disputed by
Infante-Rivarde et al.32 who also performed a case control study, and recently by Rodger et al., in a
comparative cohort study.33 Sheiner et al.6 have drawn attention to the fact that the other publications
on obstetric complications in recurrent pregnancy loss were written at a time when the hereditary
thrombophilias had not yet been recognized. In their series, higher rates of IUGR, CS, low Apgar
scores, and perinatal mortality were found among the 22 patients with known thrombophilia as compared to the controls, although the differences did not reach statistical significance. In the author’s
series of 21 pregnancies with factor V Leiden that were followed up prospectively, there was one case
of HELLP syndrome, but no other obstetric complications, and no deep vein thrombosis or pulmonary embolus (author’s series).
There are isolated reports34−36 of using anticoagulants in the presence of thrombophilias to lower the
late obstetric complications. However, there is, as yet, insufficient evidence that anticoagulants actually
reduce the incidence of late obstetric complications. Further trials need to be performed in order to
determine whether anticoagulants do indeed reduce the incidence of obstetric complications.

Obstetric Complications after Alloimmunization
Two methods of alloimmunization have been used in the past in order to improve the subsequent live
birth rate in recurrently aborting women: active immunization with paternal leucocytes and passive
immunization using IVIg. In order to summarize the obstetric complications either with or without
immunotherapy, the various series in the literature were pooled in order to obtain a sufficient number
of patients available for meaningful comparison. The databases of Beard,8 the RMITG meta-analysis,10
and the author’s series were combined in order to compare the obstetric complications after paternal
leucocyte immunization. As paternal leucocyte immunization (PLI) has now gone out of favor, there
are no new series. Nine hundred and seventy-nine immunized patients were available for analysis compared to 483 nonimmunized patients. The prevalence of IUGR, perinatal mortality, and the incidence
of anomalies were assessed. These figures are summarized in Table 37.1. As can be seen there was a
significantly lower incidence of preterm labor, perinatal mortality, and intrauterine growth restriction
after paternal leucocyte immunization than in controls. The incidence of fetal anomalies was not significantly different in both groups of patients. As the RMITG meta-analysis10 did not assess bleeding
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TABLE 37.1
 reterm Labor, Intrauterine Growth Restriction, Perinatal Mortality and Anomalies with
P
Paternal Leucocyte Immunization Compared to Controls
Immunized (979)
Preterm labor
Growth retardation
Prenatal mortality
Anomalies

39
17
9
25

(3.9%)
(1.7%)
(0.9%)
(2.6%)

Controls (483)
52
59
21
19

(10.8%)
(12.2%)
(4.3%)
(3.9%)

Relative Risk
0.63 CI (0.49–0.79)
0.32 CI (0.21–0.49)
0.44 CI (0.26–0.47)
0.84 CI (0.65–1.10)

Note: The incidences of the various obstetric complications are shown in parentheses. Figures include
92 immunized and 175 nonimmunized patients from Beard’s8 series, 759 immunized patients and
279 nonimmunized patients from the RMITG register,9 and 128 immunized patients and 29 nonimmunized patients in the author’s series. CI: confidence interval.

TABLE 37.2
 leeding and Preeclampsia with Paternal Leucocyte Immunization Compared to
B
Controls

Bleeding
Preeclampsia

Immunized (216)

Controls (191)

83
27

64
57

(38%)
(13%)

Relative Risk

(34%)
(30%)

1.10 CI (0.92–1.33)
0.55 CI (0.40–0.76)

Note: The incidences of the various obstetric complications are shown in parentheses. Figures include
88 immunized and 162 nonimmunized patients from Beard’s8 series and 128 immunized
patients and 29 nonimmunized patients in the author’s series. CI: confidence interval.

and pre-eclampsia, data could only be obtained from Beard8 series and the author’s series. Two
hundred and sixteen immunized patients and 191 control patients were available for analysis. These
figures are summarized in Table 37.2. As can be seen the incidence of pre-eclampsia was lower in
immunized women. However, there was no significant difference in the incidence of vaginal bleeding,
which remained high in 38% and 34% in immunized and control women, respectively.
Table 37.3 shows the obstetric complications after IVIg in the 136 women in the author’s series. There
is no relevant control group, as some of the patients were administered IVIg after failure of paternal
leucocyte immunization. The figures were compared to nonimmunized patients in the registers above
and those in control patients in other series on IVIg in the literature. The incidences of growth retardation, perinatal mortality, bleeding and pre-eclampsia, were all lower after IVIg, but the incidence of
preterm labor and anomalies did not seem to be affected. However, these results should be interpreted
with caution due to the nature of the control group.
TABLE 37.3
Obstetric Complications after Intravenous Immunoglobulin (IVIg) Compared to Controls
IVIg
Preterm labor
Growth retardation
Pernatal mortality
Bleeding
Preeclampsia
Anomalies

15/136
6/136
2/136
5/136
4/136
1/136

Controls
(11%)
(4%)
(1.5%)
(3.7%)
(2.9%)
(0.7%)

52/483
59/483
21/483
64/191
57/191
19/483

Relative Risk
(10.8%)
(12.2%)
(4.3%)
(34%)
(30%)
(3.9%)

1.02 CI (0.53–1.96)
0.39 CI (0.18–0.86)
0.39 CI (0.10–0.47)
0.14 CI (0.06–0.33)
0.13 CI (0.05–0.34)
0.22 CI (0.03–1.51)

Note: The figures show the incidence of anomalies as a function of the total number of patients in the sample.
The incidences of the various obstetric complications are shown in parentheses. IVIg figures are from
the author’s series, the control figures are pooled data from the literature. CI: confidence interval.
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Cytokines as Mediators of Pregnancy Loss and Obstetric Complications
Cytokines are low molecular weight peptides or glycopeptides, which are produced by lympho
cytes, monocytes/macrophages, mast cells, eosinophils, and blood vessel endothelial cells. Cytokines
seem to influence all stages of pregnancy. A full account of their actions is given in Chapter 27. An
inappropriate cytokine balance has been reported to act in early pregnancy causing natural killer
cell activation,37 placental apoptosis,38 teratogenesis,39 and excessive coagulation. Hence, cytokine
imbalance is one of the mechanisms which have been proposed to underlie recurrent miscarriage.
The effect of cytokine imbalance on coagulation may explain some of the effects of hereditary
thrombophilias.
Late obstetric complications have also been shown to be associated with altered cytokine levels.
Pre-eclampsia is associated with reduced interleukin (IL)-10 and higher IL-2 production from peripheral blood mononuclear cells,40,41 high serum IL-8, and tumor necrosis factor (TNF)-α.42 In preterm
births, cytokine involvement has been reported,43 particularly increased amniotic IL-6, IL-8, and
TNF-α have been reported.44−47 Progesterone is often used to prevent preterm labor. Hudic et al.48
prospectively compared serum concentrations of the anti-inflammatory cytokine, IL-10 and the proinflammatory cytokines IL-6, TNF-α, and interferon (IFN)-γ in women with threatened preterm
delivery who were given the synthetic progestogen dydrogesterone to women with threatened preterm
delivery who were not given progesterone supplementation. Progestogen treatment was associated
with a significantly longer gestation than women who were given progesterone. Additionally, women
treated by dydrogesterone had significantly higher serum levels of IL-10 than controls and lower concentrations of IFN-γ. In intrauterine growth restriction, the TGF-β in cord blood and the mRNA for
IL-10 are significantly reduced, whereas IL-8 mRNA is significantly higher49,50 and placental TNF- α
secretion is enhanced.50
The various interventions used for improving the live birth rate in recurrent miscarriage, may have
their effects by modulating cytokine balance, and modulation of cytokine balance may also influence
the incidence of later obstetric complications. As stated in the chapter on coagulation disorders, it is
possible that heparin or enoxaparin may work by anti-inflammatory mechanisms rather than anticoagulation. Heparin increases serum TNF binding protein, hence protecting against systemic harmful
manifestations.51 Low molecular weight heparins inhibit TNF-α production.52 Thrombosis results in an
inflammatory response of the vein wall. Both heparin and LMWH limit the anti-inflammatory response,
but in Downing et al.’s53 series, LMWH was more effective than heparin in limiting neutrophil extravasation and was the only intervention to decrease vein wall permeability.
The mode of action of PLI is unclear. PLI may also alter the balance between Th-1 and Th-2 cytokines. PLI has been reported to reduce IFN-γ, and increase the secretion of IL-10, and TGF-β54 and has
also been shown to modulate the serum IL-6 and soluble IL-6 receptor levels to the values observed in
normal pregnancy.55 IVIg has numerous actions. The actions of IVIg in pregnancy, including the effects
on APS, have been summarized elsewhere.56 In addition to various other mechanisms, IVIg, as PLI,
depresses natural killer cell function57 and enhances the action of Th-2 cytokines.58

Conclusions
Patients with recurrent miscarriage seem to form a high-risk group for later obstetric complications.
Late obstetric complications have been described in APS and hereditary thrombophilias. However,
there is insufficient evidence at present to determine whether the late obstetric complications occur
exclusively in these two conditions, or whether they are associated with recurrent miscarriage per se.
Immunomodulation seems to reduce the incidence of some of these complications. The role of anticoagulants in reducing obstetric complications is more doubtful. However, careful surveillance is required
in pregnancies following recurrent miscarriage in order to detect obstetric complications. Further prospective cohort studies are necessary in order more accurately define the patient at risk and the effect of
treatment modalities.
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Coping with Repeated Pregnancy Loss:
Psychological Mechanisms
Keren Shakhar

Recurrent miscarriage (RM) is clearly a stressful experience, but very little is known about what sets its
emotional experience apart from isolated spontaneous miscarriages and about other forms of infertility.
This chapter aims to describe how RM affects the daily life, self-esteem, marital and social relations
of couples experiencing RM and how they cope with this experience. The degree of emotional anguish
couples experience largely depends on the significance they ascribe to RM. This meaning is influenced
not only by the couples’ views, but also by the perception of infertility and the view of prenatal life in
their specific society.

Psychological Reactions to Recurrent Miscarriage
RM is a type of infertility that confronts couples with repeated cycles of hope and despair. Many
couples view parenthood as an indispensable component of their marriage and many cases of RM
occur before they have had a child. Young couples often take their ability to conceive for granted and
are only concerned with the question when to have a child. RM shatters their basic expectations about
family life. What is expected to be a fulfilling experience is instead an experience of loss and disappointment. These miscarriages usually occur at a very sensitive phase in the couple’s development:
becoming parents is a transitional stage that requires reconstruction of identities and preparation for
new roles.
Only few studies have specifically addressed the psychological difficulties of couples suffering from
more than one miscarriage, focusing, as a rule, on the women. It is estimated that around 30% of women
with RM are depressed and that even a higher proportion have high levels of state and trait anxiety.1,2
These studies suggest that the second miscarriage has a harsher emotional impact than the first.3–5
Surprisingly, no differences in psychological distress were found between women who have had a child
prior to the miscarriages and those who have not.1–3 Some mothers report feeling guilty for failing to
provide a sibling for their child and fear that their child feels lonely.
When women with RM conceive again they exhibit high levels of anxiety and have difficulty getting through each day.6 This anxiety is manifested as general tension, despondence, and premonitions
of miscarriage and may be exhibited by weeping, fear of detecting bleeding, extreme anxiety over
any abdominal pain, constant checking for signs of pregnancy, avoidance of other pregnant women,
and reluctance to discuss the pregnancy with anyone, including husbands.6,7 Some women show less
emotional attachment to their subsequent pregnancies, and avoid thinking about their future child.6,8
Although this type of reaction may alleviate the constant anxiety and protect women emotionally if they
eventually miscarry, it also diminishes the pleasure women can derive from being pregnant and may
prevent grief from being processed. It is unclear how deep into pregnancy women are less attached to
their embryo and whether it complicates the transition to motherhood.
As the psychological literature on RM is limited, and as women with RM must cope with both miscarriages and potential infertility, what is known about these two entities will be examined next.
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Coping with a Miscarriage
The reaction to a sudden loss of pregnancy varies greatly among different couples: some exhibit little
or no reaction, whereas others demonstrate a significant decline in their coping ability9,10 and may feel
emptiness and guilt, increased anxiety and depressive symptoms.10,11 These depressive symptoms can
include staying in bed and doing nothing, difficulty in performing daily tasks, and a feeling of a physical
illness. One month after miscarriage approximately half of the women are still depressed3 and for many
depression may persist up to half a year after the miscarriage.11
Many couples experiencing a miscarriage undergo a process of grieving9 (to be described later).
They mourn the lost child, their failed hopes for the child, and their unaccomplished parenthood.
Unlike the grief over the death of a relative, these couples generally do not receive social support,
and may face insensitive attitudes. Sometimes the miscarriage occurs before the couple had shared
the news of the pregnancy with anyone, leaving them lonely in the grieving process. It is crucial to
understand that even if the embryo was lost at a very early gestational week, many couples already
regard their embryo as a baby, name or nickname him, talk to him, ascribe him with a specific personality, and imagine his future.
Unfortunately, family members and friends may not know how to respond to the bereaved couple,
and may not grasp what the pregnancy meant to them.12 A break in communications sometimes occurs
due to lack of response or because the couples consider the response inappropriate.13 Typical attempts
at consolation include “at least you can get pregnant,” “maybe it’s good you miscarried, the baby was
probably abnormal,” “how can you grieve so much, you were barely pregnant,” and “you can always
conceive again.” While these perspectives may help some couples, many others do not want to forget
their miscarried child at this time, and resist the possibility that someday they would feel as if the loss
has never happened.6 Friends and family may feel guilty of their pregnancies and may sometimes try
to hide their pregnancy or talk less about their children, resulting in the couple feeling distanced from
their friends, which can result in social withdrawal.12 In addition, the couple may feel that family and
friends expect them to conceive again to quickly replace their loss.
Apart from being emotionally disturbing, miscarriage can be physically traumatic; it may involve
sudden pain, loss of blood, rapid hospitalization, and curettage.13 Some women identify the physical
process of miscarriage as the most stressful aspect of RM.
There has been considerable research on variables that moderate the influence of miscarriage on
well-being, some of which may vary with time since the loss. Some of these mediators are uncontrollable: young age is associated with lower well-being;5 a later gestational week of miscarriage has
harsher psychological consequences. However, other factors that are related to adverse well-being can
be controlled: attributing high personal significance to miscarriage, low investment and satisfaction
in domains of life other than parenthood, lack of social support, and use of passive coping strategies.9,14 Placing greater value in the relationship with spouses was also associated with higher scores
on well-being.
It is noteworthy that the nature of the experience of an isolated miscarriage may be different to that
of RM. First, unlike an isolated miscarriage, which has little prognostic value, in RM, each additional
miscarriage reduces the prospects of having children. The prognostic meaning that couples associate
with the miscarriage can further damage their sense of well-being. In addition, the repeated losses may
exacerbate the experience or teach couples to cope with it.

Coping with Infertility
Coping with infertility has been extensively explored over the last 50 years. Many researchers describe
infertility as a psychological crisis that includes loss of self-esteem, increased anxiety, sexual problems,
anger, depression, and self-blame.15–17 The uncertainty of having biological children evokes a sense that
life is unpredictable and that significant events in life are not under control. Couples may also feel socially
isolated as they avoid social gatherings to evade interactions with pregnant women or children. Some
couples cannot bear being expected to hold someone else’s child or to listen to stories about the pleasures
and difficulties others are experiencing when raising children. These often remind them of their loss.
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The Unique Experience of Recurrent Miscarriage
Loss of self-esteem, guilt and self-blame may be even more evident in women suffering from RM.
Unlike many fertility problems, where the cause is either unknown or is attributed to both partners,
in RM, women often feel that they are to blame because it was their body that could not support the
pregnancy. This feeling is reinforced by the medical examinations the couples undergo: most clinical
examinations evaluate possible etiologies in the women.
Levels of stress and anxiety in women with RM are especially high during pregnancy and may peak
around the gestational week when previous miscarriages occurred.6 This is unlike most other fertility
problems where conception is the aim itself, and once achieved, the mission has largely been accomplished. The decision to conceive again is often very complex as women often consider whether they
can bear another miscarriage.

The Grieving Process
Couples experiencing RM will often grieve for their lost children, their lost parenthood, their biological failure, the loss of control over their life, and for the possibility that they would not have biological
children.11,16 Unlike losing a child, the couples do not have memories of the baby and their loss is often
not acknowledged by society.9 There are no rituals associated with mourning a miscarriage. Couples
may feel reluctant to share the experience with others, often cannot take days off from work, and may
lack the time they would like to grieve for the loss. Couples may also be torn between their hopes for
a successful pregnancy and their grief. This grief process is often characterized by intense fluctuations
in emotions ranging from crying to laughing to being angry. This grief process may last for months
and even years and often extends into the subsequent pregnancies that serve as reminders for previous
losses and can trigger intense emotions. Many couples may be very surprised by their mood swings
and the intensity of the emotions they experience. They may not be aware that this is a normal reaction
to their loss.
Although there is no single right way to grieve, several stages of grief are commonly experienced.
Not everyone passes through each of these stages and couples differ in the amount of time they spend
at each stage. The following list of stages is mostly based on Mennings’ experience in his work as a
counselor with infertile couples.18

Denial, Shock, and Numbness 9,19
This stage often begins with the shock that another miscarriage has occurred and it is characterized by
the feeling that “this can’t be happening to me.” Couples sometimes do not even admit to themselves
that something may be wrong. This reaction serves as a defense mechanism and it will usually diminish
as couples begin to acknowledge their loss, usually within hours to days. This emotional numbness and
denial should not be confused with “lack of caring.”

Anger8,19
During this stage, couples are preoccupied with the miscarriages they have had and a feeling of unfairness surrounds their thoughts. The couple also experiences an intense yearning for the lost child, for
the lost parenthood, pregnancy, and dreams. The anger associated with the unfairness of the entire
experience can focus on the pain and inconvenience associated with miscarriage, with the tests and
treatments, with the social pressure they encounter from family and friends, and with comments regarding their miscarriages and childlessness. The anger may also include broader targets such as abortion
rights advocates, people who easily carry to term, and the medical team. Social support and respect can
help abate this anger.
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Isolation19
As described in the previous section, many couples exhibit social withdrawal. Couples often feel that
their experience is unique and that others whose experience of being pregnant is joyous cannot comprehend what they are going through.

Guilt8,19
Women sometimes feel that the recurrent miscarriages are a punishment for something they did. They
may regret actions they took or failed to take prior to the miscarriages.

Depression1,8
At this stage, there is full penetration of the loss. Thoughts such as “my life is over, I can’t go on,” “I
don’t care anymore” are very frequent. Some women may feel a sense of great loss, mood fluctuations,
and loneliness.

Rebuilding and Healing
There is disagreement whether complete healing can occur. Still, at this stage the couple starts dealing
with the reality of the situation. They restructure the event, organize their activities and plan to move
forward in life.

What Domains of Life Are Affected
Self-Esteem16,17
Most people view the ability to conceive and have children as central to their personal identity, many
women view motherhood as an integral part of their self-worth and femininity.20 This may also be reinforced by religious percepts for example, “reproduce and fill the earth.”

Loss of Control6,12,16
For many women RM is the first experience of a major loss of control over their life, their body, and
their ability to plan the future.

Relationship with Peers12,16
As previously discussed, couples may feel excluded from friends whose interests focuses on children
and may seek new reference groups to belong to.

Marital Stress1,12,21
While the experience of infertility can improve marital adjustment for some couples, it may damage the
relationships of others and increase marital stress.21 This diversity may occur because couples may differ
from each other in their attitude toward the losses, in their grief response and in their motivation to have
children. In addition, women may feel guilty for failing their spouse’s expectations and feel responsible
for his pain. Many women fear that their partner would leave them to find someone else with whom to
have children.

Sexual Life21,22
RM, like other fertility problems, may increase sexual discontent. Couples may feel a pressure to
quickly conceive again, and with it an increased demand to have sex at certain times. Not being in the
mood, or being absent due to various reasons, such as business trips, may increase the tension.
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Financial Costs
RM frequently taxes couples with financial costs: visits to a specialist, tests, treatment, and absence
from work.

The Male Partner
Spouses are often very lonely in their experience of RM. The woman is usually considered as the
patient—women experience the physical miscarriage, their reproductive system is assumed to hold the
cause, and they are subject to most of the diagnostic tests. The idea that the spouse may also experience
intense grief is often forgotten. Compared to women, the grief of male partners is less active and is
expressed for a shorter duration.23 Men are often ready to carry on with their lives earlier than women
and are less interested in repeatedly discussing the miscarriage.10,17
Spouses frequently find themselves in a very delicate position: while they themselves endure crisis,
grieve, and need support, they feel that they ought to be strong to emotionally support their partners.
As a result, spouses suppress their feelings of loss and do not share it with their partners. They may
struggle to say the right words and fear that what they say would make their partners feel worse. Many
of them fail to realize that their female partner wants to know they also grieve the loss. Also, although
the spouses may have the best intentions of providing support, there are gender differences in coping
strategies with life stressors,24 and men tend to give instrumental rather than social support, leaving
women feeling unsupported and the male partners feeling guilty and unappreciated.

The Physician
Although the physician and the couple share the desire for pregnancy to succeed, the cooperation
between them is complex and may be very vulnerable. The challenge facing the physician when first
seeing couples with RM is almost impossible; there is often very limited time and the components of a
medical consultation are very consuming. This is usually a time when the couple’s anxiety and stress
are very intense and they are very attentive and sensitive to every word and gesture. Their first visit
to the specialist can itself evoke many emotions: frustration, anger, stress, and inadequacy. This visit
reminds them of past miscarriages, confronts them with their lack of control, clarifies that they should
prepare for more miscarriages, and confirms that they have a medical condition that might leave them
childless. Physicians are often unaware that the high stress the couple experiences interferes with their
ability to process the information received at the visit. Thus, a very common experience for many
patients undergoing diagnosis is that they often cannot recall what the physician said and tend to misinterpret what has been told to them.

The Value of Psychological Support in Couples with RM
Clearly, the experience of RM increases levels of distress, depressive symptoms, and anxiety. RM can
affect almost every aspect of life, and its emotional burden usually becomes heavier during pregnancy.
To lower levels of distress, couples often withdraw from friends and do not receive the social support
they need. Obviously, these couples could benefit from psychological support. Although various psychological therapies exist and should be offered to the couple suffering from RM, most couples desire
to receive some of the support from the medical team. Thus, before describing various psychological
supports that can be offered, there are several issues that should be taken into consideration as part of
the “tender loving care.” Even if such elements cannot be incorporated into medical care, awareness to
the needs of the couples can itself help them feel understood.
Couples wish to be treated and followed up by the same physician. They want their physician to
inquire about their psychological well-being and offer them help if needed. Even if they choose to
not seek psychological support, such inquiry makes them feel that they are being understood. Women
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often report that they would like their partner to be more involved. This can be partly achieved by
adding his name to medical files and addressing him with questions. Once pregnancy is achieved, the
couple would like to meet their physician to discuss their life styles and schedule examinations that
can assure them that pregnancy is proceeding as expected (e.g., βhCG, ultrasound every 2 weeks). If
miscarriage occurs, couples wish to inform their physician and discuss the situation. They want to be
assured they have not done anything to harm pregnancy.25 If women are hospitalized, they should not
be roomed with pregnant women.

What Kind of Psychological Supports Can Be Offered?
Support Groups
One way to compensate for the lack of social support from family and friends is to seek couples
who share similar experiences. Meeting other couples with RM can decrease the sense of loneliness
and reassure couples that their reactions and feelings are normal.26 Unfortunately, women suffering
from RM usually do not know other women in their situation and internet forums that are specific
for RM hardly exist. Organizing support groups consisting of couples with RM can definitely meet
this need.

Teaching Couples about the Grieving Process
As most couples are unaware that the intense emotional turbulence they experience is a normal and a
common reaction to the loss, they become upset by their reaction. Teaching them about the common
grief process can help them accept their grief, and proceed with it in their own way and pace.

Activities for Reducing Anxiety
Physical activity, art, meditation, relaxation, and yoga can reduce general anxiety in a nonspecific
manner.

Cognitive Restructuring27
The individual interpretation of RM influences the emotions evoked by this experience. Some of the
negative thoughts are automatic and erroneous. Challenging these thoughts and restructuring them
into more truthful and positive thinking can improve well-being. Such techniques were shown to
diminish stress, anxiety, depression, and self-blame, and to increase enjoyments in everyday life, in
having each other, in work, etc. An example of a common automatic thought in women with RM may
be “I’ll never have any children.” This thought is definitely not true and should be challenged. Some
examples may be “This process is very painful for me but there is a chance that I will eventually
have children.” In addition, the significance attributed to having biological children can be reframed
as well.
Sometimes spouses fail to recognize what their partners are going through; this may create a cycle
of disrupted communication that decreases couples’ enjoyment in doing things together and increases
their martial stress. A fruitful dialogue can be achieved by learning to listen more to each other, by
acknowledging each other’s feelings, by being aware of the different coping strategies, and by recognizing each other’s needs.

Learning of Other Parenting Options
Although not all couples feel ready to explore other means to achieve parenthood, many could benefit
from meeting couples who have chosen to adopt or use the aid of a surrogate mother. This not only
informs them of the procedures and the emotions associated with choosing other paths, but it also confronts them with “their worst nightmare.” Although they may not decide to follow these paths, couples
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often realize this is not a bad option as they have imagined and some of the fear that is associated with
infertility may be relieved.

Discussing Legitimacy
Many women with RM report that they feel it is illegitimate to quit trying or to seek alternative means
for parenthood. Discussing their legitimacy to decide that they want a break or to stop trying to conceive
again may relieve some of the pressure some women experience.
As emotional anxiety tends to peak during pregnancy, some psychological therapy should also be
offered during this period. Clearly some of strategies listed can only be offered between pregnancies
but they can relieve the psychological burden in subsequent pregnancies.

Can Stress Contribute to Recurrent Miscarriage?
A common question that bothers couples with RM is whether excessive stress can adversely affect pregnancy and lead to miscarriage. This question is difficult to examine in humans as a relationship between
psychological factors and miscarriage cannot be interpreted as a causal relationship.
The best support for the potential contribution of psychological factors to RM comes from studies
evaluating the effect of psychological support on miscarriage rates in women suffering from RM.28–30
Interventions ranged from basic “tender loving care” to relaxation workshops and audiocassettes, weekly
ultrasound examinations, and other psychological interventions that assure couples that their pregnancy
is proceeding as expected. Remarkably, in all studies, women who received psychological support had
two to four-fold lower miscarriage rates than those who did not. Although these studies suffer from
methodological problems, it is doubtful whether these flaws can account for such a marked reduction in
miscarriage rates (on average from 72% to 23%).
One possible pathway that can mediate the effects of stress on miscarriage is through the effect of
stress on natural killer (NK) cells. Studies in mice have shown that stress more than tripled the resorption rates in miscarriage-prone mice and that depletion of NK cells prevented this effect.31 In humans,
we have recently shown that the number and activity of peripheral NK cells in RM, which have previously been shown to predict the outcome of subsequent pregnancy, is a transient response to the blood
withdrawal.32 A cannula was inserted into the veins of women with RM and controls, and blood was
drawn immediately and 20 minutes later. NK activity and cell number were increased in RM patients
in the first blood withdrawal, but declined to a level similar to that of the control in the second blood
withdrawal. These levels remained almost unchanged in the control groups. This may suggest that the
increased NK activity and numbers often observed in women with RM reflects hypersensitivity to the
stress of blood withdrawal rather than the immunological steady state. It remains to be determined
whether such hypersensitivity is also predictive of pregnancy outcome.
If stress indeed contributes to miscarriage in women with RM, it could lead couples into a vicious
circle. The first miscarriage could be due to some biological cause such as an abnormal karyotype. Such
a miscarriage can increase stress levels during the subsequent pregnancy and consequently boosts the
risk of another miscarriage. If another miscarriage occurs it increases stress levels again, and consequently, the chances of another miscarriage.

Summary
More than any other fertility problem, RM submits patients to repeated cycles of hope and despair.
Although management of emotions is not considered part of the physician role, adopting an inclusive psychosocial perspective would greatly improve the treatment of couples with RM. The anxiety,
depression, anger, and frustration these couples experience are critically influenced by the significance
they bestow on their miscarriages, by the pressure they perceive from family and friends, and by how
much emotion and social support they receive. A supportive and empathic approach by the medical
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team can ease this suffering, and psychological interventions can be used to improve the couples’ coping and enhance their well-being. Such intervention may not only relieve the emotional burden of RM
but also lower the risk of another miscarriage. Although some clinicians may doubt such effects, the
evidence for such a possibility exceeds the support for several medical interventions already employed
in RM. Larger randomized studies should examine this possibility more carefully. Until proven, the
psychosocial hypothesis should be raised with caution as it can lead women to blame themselves for the
miscarriage.
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Methodological Issues in Evidence-Based Evaluation
of Treatment for Recurrent Miscarriage
Salim Daya

Introduction
The philosophy of employing evidence from valid and current studies to assist in making clinical decisions is now widely acknowledged as desirable for improving the quality of care provided to patients.
The principles of this evidence-based approach to health care management involve searching the literature for studies and critically appraising them to answer clearly defined and focused questions generated
from encounters with patients presenting with their clinical problems. This approach is necessary to
guide management in obstetrics and gynecology, including the subspecialty of infertility dealing with
the problem of recurrent miscarriage.
Miscarriage is the most common complication of pregnancy, occurring in 10–15% of pregnancies. It
is defined in North America as any loss occurring before 20 weeks of gestation; in Europe, the definition
includes any pregnancy loss before 24 weeks of gestation. Although accurate prevalence figures are not
available, it has been estimated that 2–5% of women have three or more miscarriages.1,2 Consequently,
the burden of illness requiring health care assessment and intervention is not insignificant and calls for
accurate diagnostic testing and provision of efficacious therapies. Over the years, increased attention
has focused on the evaluation and management of recurrent miscarriage. These efforts have led to the
development of protocols for diagnostic evaluation in couples with this disorder so that a plan of care
can be outlined based on the findings. However, to date, there is no consensus on the optimal evaluation
and management strategy to effectively address the problem of recurrent miscarriage. The problem is
made more challenging by the fact that the published literature is generally of poor quality and often has
contradictory findings, in part, due to sampling variability, but largely due to studies of low validity. The
approach of systematically gathering the evidence and pooling outcome data with meta-analyses is an
attempt to bring some order to this field, but it too has its pitfalls leading in some instances to erroneous
inferences and misleading recommendations for clinical care.
Several years ago, the Special Interest Group for Early Pregnancy under the auspices of the European
Society for Human Reproduction and Embryology updated their guidelines for the investigation and
medical treatment of recurrent miscarriage.3 Unfortunately, the paucity of good quality evidence led to
the conclusion that many of the proposed investigations require further evaluation within research programs. In addition, tender loving care and health advice were the only interventions that did not require
further study; most of the other proposed therapies either require more investigation of their efficacy
with randomized trials or are associated with more harm than benefit.3 More recently, the Practice
Committee for the American Society for Reproductive Medicine issued an opinion on the evaluation
and treatment of recurrent pregnancy loss.4 They indicated that evaluation could begin after two pregnancy losses, but in 50% of these women, no defined etiology can be identified.
Reliable inferences regarding therapeutic interventions can only be drawn from trials that have
addressed all the important elements necessary for internal validity. Some of these requirements will be
discussed in this chapter by highlighting the common pitfalls that are encountered and illustrating them
with examples. In addition, by addressing these issues, it is hoped the reader will become more versed
in reviewing the literature on recurrent miscarriage management so that the judicious and explicit use
of the best current evidence can be made to guide clinical management.
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Methodological Issues in the Assessment of Evidence from
Therapeutic Trials in Recurrent Miscarriage
Definition of Recurrent Miscarriage (Defining the Population)
The term miscarriage is used to describe a pregnancy that fails to progress resulting in death
and expulsion of the embryo or fetus. The generally accepted definition stipulates that the fetus or
embryo should weigh 500 g or less,1 a stage that corresponds to a gestational age of up to 20 weeks.
Unfortunately, this definition is not used consistently, and pregnancy losses at higher gestational ages
are also classified as miscarriage in some countries. Additionally, the literature is replete with studies
on women with pregnancy loss, a term that includes miscarriage and pregnancies that have ended in
stillbirth or preterm neonatal death. Thus, from a definition perspective, it is important to characterize
the population being studied so that comparisons across therapeutic trials can be made more appropriately and reliably. Unfortunately, the ASRM Practice Committee has further complicated the issue
by referring to the term “recurrent pregnancy loss” that includes women with two or more failed clinical pregnancies (gestational age not specified).4 Furthermore, although the committee recognizes the
importance of identifying a threshold of three or more losses for epidemiological studies, it endorses the
evaluation of women who have had two first trimester miscarriages. Consensus on this issue is urgently
required so that the data gathering and evaluation process is consistent and will yield more reliable and
externally valid conclusions.
Recurrent miscarriage defines a clinical condition in which a woman has had at least three miscarriages. However, because the pregnancy history in women with recurrent miscarriage may include
pregnancies that have ended in live birth, three different groups can be identified. The groups should be
assessed separately because the risk of subsequent miscarriage within each group varies.1

Primary Recurrent Miscarriage Group
This group consists of women with three or more consecutive miscarriages with no pregnancy progressing beyond 20 weeks’ gestation.

Secondary Recurrent Miscarriage Group
This group consists of women who have had three or more miscarriages after a pregnancy that, having
gone beyond 20 weeks’ gestation, may have ended in live birth, stillbirth or neonatal death.

Tertiary Recurrent Miscarriage Group
This is a group that has not been well characterized or studied and consists of women who have had
at least three miscarriages that are not consecutive but are interspersed with pregnancies that have
progressed beyond 20 weeks’ gestation (and may have ended in live birth, stillbirth, or neonatal death.)
These three groups are mutually exclusive and distinct and should be evaluated separately because
the group being selected will undoubtedly influence the prognosis for a successful outcome. The current
approach of combing all three groups together does not allow the effect of the experimental intervention
to be detected easily because the prognosis is determined by the relative contribution of subjects from
each of the three groups.

Exclusion of Implantation Failures (Avoiding Clinical Heterogeneity)
The widespread availability of treatment with assisted reproduction has created a challenge for the
management of women who repeatedly fail to conceive despite undergoing uterine transfer of good
quality embryos. Repeated implantation failure (RIF) is now a recognized entity defined as failure to
achieve a pregnancy after at least three cycles of in vitro fertilisation5 in which at least ten high-grade
embryos were transferred into the uterus. It has been suggested that RIF and recurrent miscarriage
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represent different ends of the same disorder.6 This position is difficult to accept because the former is a
preimplantation failure that results in no pregnancy, whereas the latter is a post-implantation failure that
results in no live birth. Although there may be some overlap in the two conditions from the diagnostic
protocol perspective, it is evident from the results of these tests that the two entities are distinct and
should not be combined. For example, studies of cytokine expression in the endometrium have produced
conflicting and sometimes contradictory findings in these two conditions.7 Similarly, there is no evidence that measuring serum levels of antiphospholipids is of benefit in RIF in contrast to measurement
in women with recurrent miscarriage.8
Evidence from such studies indicates that RIF and recurrent miscarriage are two distinct entities
that should not be lumped together as if they represent different aspects of a spectrum of reproductive
failure. By investigating them separately, and by conducting efficacy trials in each group separately,
the problem of clinical heterogeneity is avoided and the benefit (or lack thereof) of interventions can be
evaluated more accurately.

Baseline Risk of Miscarriage (Establishing the Control Event Rate)
Initial estimates of the likelihood of a successful pregnancy in women with previous miscarriages were
based on the assumption that the overall miscarriage rate consists of the sum of two independent rates,
one resulting from a random factor and the other from a recurrent factor in miscarriage sequences. Such
mathematical calculations demonstrated a higher risk of miscarriage in a subsequent pregnancy as the
number of previous miscarriages increased; the chance of a fourth pregnancy going to term in women
with three previous miscarriages is considerably lower than that of a third pregnancy going to term with
two previous miscarriages.1 For many years, these mathematical estimates of miscarriage rate were
used as control rates against which the efficacy of therapeutic regimens for recurrent miscarriage was
assessed. The reliability of these rates was challenged after evidence from a number of clinical studies
suggested that the miscarriage rate after three consecutive miscarriages was substantially lower than
had been predicted by the earlier mathematical models.1
Despite the varied methods of ascertainment, the results of the studies showed remarkable consistency in finding a positive correlation between risk of miscarriage and the number of previous miscarriages. This effect of prior losses on subsequent probability of live birth was confirmed using the data
from the placebo arm of studies in unexplained recurrent miscarriage and provided a quantitative estimate of the risk.9 It is clear from this evidence that the number of previous miscarriages is an important
covariate, which has to be taken into account when planning therapeutic trials. Women with a higher
number of previous miscarriages constitute a group with a more severe form of recurrent miscarriage
than those with relatively lower numbers of previous miscarriages. Consequently, the magnitude of the
treatment effect is expected to be much larger in these more severe forms of the disorder (because the
control event rate is so much lower) and is likely to be more easily detected if the subjects are grouped
by severity.10 Thus, the ideal trial should have stratification for the number of previous miscarriages,
with randomization of subjects to control or experimental interventions being performed within each
stratum.
To date, such a study with a priori stratification has not been undertaken. Instead, the general (and
incorrect) approach has been to select the study sample from the population of women having three or
more miscarriages, and ignore stratification for number of previous miscarriages. The consequence is a
sample that is likely to consist of a higher proportion of women with lower numbers of previous miscarriages thereby reducing the probability of detecting a significant treatment effect.

Controlling for Female Age (Reducing Selection Bias)
The risk of miscarriage resulting from chromosomal anomalies in the fetus increases with maternal age,
especially after the age of 35. Additionally, women who have recurrent miscarriages tend to have more
pregnancies and have their pregnancies at a later age than those who have successful outcomes. The
relationship of gravidity with female age and the relationship of chromosomal anomalies and female
age suggest that the increased risk of miscarriage with gravidity, in part, can be ascribed to the effect of
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maternal age. Thus, clinical trials of treatment efficacy must take female age into consideration during
the design phase by using stratification for this covariate. This approach will avoid the possibility of
bias that may show the treatment to be less favorable if the experimental group has a higher proportion
of older women than the control group.

Controlling for Male Partner (Reducing Selection Bias)
An important determinant of fertilization and embryo development is the integrity of sperm DNA. Although
sperm with DNA damage can fertilize oocytes, the risk of miscarriage is increased. A systematic review
and meta-analysis of 16 cohort studies comprising 2969 couples demonstrated a significant relationship
between a high proportion of sperm with DNA damage and miscarriage.11 Although the magnitude of the
effect varied among the studies, the association was seen consistently across most of these studies.
DNA damage can be induced by a variety of mechanisms during spermatogenesis and spermiogenesis. However, a higher level of DNA damage was observed in ejaculated sperm compared with testicular
sperm suggesting that most sperm DNA damage is acquired at the post-testicular level.12 Post-testicular
DNA fragmentation can be induced by oxygen free radicals affecting sperm during transit through the
male reproductive tract and by radiation, chemotherapy, and environmental factors such as smoking and
air pollution.13
Although sporadic miscarriages are associated with high rates of aneuploidy in the products of conception, in women with recurrent miscarriage the frequency of embryonic aneuploidy in such tissue was
found to decrease significantly as the number of previous miscarriages increased.14 This observation
suggests that in this population factors such as sperm DNA fragmentation may be responsible for the
miscarriage.
The importance of the male partner in contributing to the risk of miscarriage is relevant because
it has been observed that women who have recurrent miscarriages with one male partner may have
successful pregnancies with another male partner. This issue of partner specificity is an important
consideration in avoiding selection bias when evaluating treatment efficacy. To ensure homogeneity of
the sample and maximize the probability of detecting a true treatment effect, couples should be chosen
for a trial on treatment efficacy only if the consecutive miscarriages experienced by the subject have
occurred with the same male partner.

Clearly Defined Objective (Articulating the Research Question)
Before commencing a trial, it is important to articulate the objective clearly and concisely so that the
inferences that are drawn from the results can be communicated without ambiguity. To do so requires
formulating the research question that is relevant to the problem at hand and is structured in four parts;
the population being evaluated, the experimental intervention being tested, the control intervention
used as the comparator, and the outcome that has clinical importance. A lack of clarity in the objective
formulation becomes evident when the findings are discussed, because often several different outcomes
have been considered and attempts have been made to develop an explanation for the findings that has
strayed from the original idea for which the study was commissioned.

Randomization (Ensuring Similarity among Intervention Groups)
The randomized controlled trial (RCT) has become the gold standard in evaluating treatment efficacy.
Randomization of subjects to receive either experimental or control intervention generates two groups
that are generally similar in all respects except for the single factor (the intervention) being studied. This
approach ensures that any significant difference in the outcome between the two groups is likely due
only to this single factor. In addition, by ensuring their equal distribution in the two groups, it guards
against differences in factors not known to be important to the outcome of interest.
There are many methods of randomization, including simple coin tossing, drawing straws, and the
use of computer-generated random number tables. The use of block randomization is an additional
maneuver that produces equal numbers of subjects in each group, a result not usually obtained with
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the other simpler methods of randomization. Another approach that is not infrequently used is that of
quasi-randomization, wherein subjects are allocated using either the subject’s clinical chart number
(even number for the experimental group and odd number for the control group), or the subject’s date of
birth (first half of the year for the experimental group and second half of the year for the control group),
or the day of the week when the subject is seen in the clinic (Monday, Wednesday, and Friday for the
experimental group and Tuesday, Thursday, and Saturday for the control group). Additionally, alternation is often used to create two intervention groups by alternating the assignment between experimental
and control interventions for each successive subject enrolled in the trial (i.e., first subject allocated to
the experimental group, the second subject to the control group, the third subject to the experimental group, and so on). When carried out properly, both quasi-randomization and alternation are fairly
simple and effective methods for generating experimental and control groups. However, both methods
have several pitfalls, including the openness of the process and, in the case of quasi-randomization, the
allocation of unequal numbers of subjects to each group.
To improve validity of the trial and to minimize post-randomization withdrawals of subjects (for
reasons such as change of mind, relocation to another city, and so on), it is important to perform randomization as late as possible, preferably just prior to the intervention being administered.

Concealment of Group Allocation (Avoiding Selection bias)
Selection bias is encountered when potentially eligible subjects are selectively excluded from the trial
because of prior knowledge of the group to which they would have been allocated had they participated
in the trial. Although randomization is generally effective in creating equally balanced groups, it does
not guard against selection bias, because the investigator may have a notion of the efficacy (or lack
thereof) of the experimental intervention and may consciously or unknowingly steer subjects towards
or away from this intervention. An effective strategy to avoid selection bias is to ensure information
regarding the group allocation is concealed from the investigators and care providers until the subject is
irreversibly committed to the trial. In the absence of concealment, it has been shown that the effect of
an experimental intervention may be overestimated by as much as 40%.15,16
There are several methods to conceal group allocation including: (i) covering each consecutive
assignment on the random list with opaque tape that is removed to reveal the group only when the
next eligible subject is enrolled; (ii) the use of consecutively numbered opaque envelopes containing
the group assignment; and (iii) the use of an individual not directly involved with the trial. Although
the first two methods are simple and pragmatic, they are not tamper-proof and need to be policed to
prevent investigators from looking ahead of time under the tape or in the envelope to determine where
their preferred intervention is located in the random sequence of assignments. The use of a third party,
such as a telephone operator located at a site distant from the study center and who can be contacted at
the time of enrolment, or a pharmacist who is responsible for dispensing the treatments, provides the
highest level of security because it ensures the randomization list is kept away from the investigators.
The openness of the quasi-randomization and alternation methods makes them less reliable to prevent
selection bias unless all eligible subjects are enrolled sequentially. From a methodological perspective,
the debate over the validity of using these methods in efficacy trials is still ongoing.

Blinding or Masking (Avoiding Ascertainment Bias)
The response to an intervention may not be due entirely to the active chemical compound administered or the surgical procedure performed, but may be influenced by other factors, such as the subject’s expectations, the enthusiasm and reputation of the health care provider, and the nature of the
intervention. Consequently, the outcome of a trial may be biased (ascertainment bias) if the subject,
the investigator, or the outcomes assessor has knowledge of the intervention the subject is receiving. Blinding (or masking), is a strategy whereby those involved in the trial are kept unaware of the
identity of the intervention and is used to prevent ascertainment bias because it eliminates the influence (either positive or negative) knowledge of the intervention being administered may have on the
estimation of the treatment effect.
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Blinding is not the same as allocation concealment; the role of blinding is in safeguarding the
randomization sequence after allocation has been performed. For subjects enrolled in the trial, blinding enhances their compliance with the treatment protocol and encourages them to complete the trial.
A subject who perceives the experimental intervention to be better than the control intervention may
be less willing to remain in the trial, comply with the treatment protocol, or adhere to the follow-up
procedures if she is aware that she has not received the experimental intervention. Additionally, in the
absence of blinding, the treatment effect is overestimated leading to incorrect inferences about the value
of the experimental intervention.16 The magnitude of the overestimation is much larger in infertility trials with pregnancy as the outcome measure.17
The testing of subjects under conditions of intentional ignorance may include the use of dummy interventions, such as placebo and sham surgery. These methods ensure that none of the subjects and, where
possible, the trial personnel, is able to recognize whether the intervention administered is active or inert
until the code is broken at the conclusion of the trial. A placebo is designed to be indistinguishable in
physical properties from the active intervention. However, when a standard treatment exists, it should be
used as the comparator for the new intervention, and every effort should be taken to make the interventions indistinguishable from each other by the trial participant. To do so often requires the use of a doubledummy approach (i.e., two placebos), especially if the routes of administration of the two interventions
are different, for example, oral versus intravenous, so that the subject receives both oral and intravenous
agents, one of which will be a placebo in the experimental group and vice versa for the control group.
The magnitude of the placebo effect (the response observed in the placebo group) is difficult to
quantify, unless the placebo is compared with no treatment. Estimates of the benefit have ranged from
none to between 35% and 75% of trial participants showing improved outcome.18 The observation that
the use of “tender loving care” was more efficacious than when it was not used in women with recurrent miscarriage undergoing another pregnancy19 suggests that in recurrent miscarriage research, the
placebo effect is likely to be of significant magnitude for which appropriate measures should be taken
when designing an efficacy trial.
In trials evaluating surgical procedures, the use of placebo poses a unique challenge.20 Placebo surgery (also known as a sham operation) requires the subject to undergo all preparations (including anesthesia and surgical incision) essential to the true operation except the surgical procedure itself. The
beneficial effect of the sham operation has been attributed to the placebo effect, with estimates that
the placebo response in surgery may be of the same magnitude (about 35%) as that observed in medical trials.21 The placebo effect in surgery may be defined as the difference between the overall effect
of surgery and that attributable to the procedure itself.22 This realization has prompted researchers to
reintroduce the sham operation to evaluate surgical interventions so that the high standard required in
efficacy studies can be maintained. The risks to subjects undergoing a sham operation are not trivial
and it is important to balance these risks against the potential benefits to society-at-large if the surgical
procedure is proven effective. It is also important that future patients be spared from the risks and cost
of an ineffective surgical procedure. However, if there is no proven alternative therapy available, then
the sham operation for surgical therapy trials is a desirable and valid approach to evaluate the efficacy
of the intervention, provided an appropriate risk assessment has been undertaken.23
In recurrent miscarriage management, there are very few instances when surgical treatment can be
considered. Hence, the use of the sham procedure has not yet been explored. Examples that come to
mind are cerclage for cervical incompetence and hysteroscopic resection of a uterine septum. For the
latter, despite the fact that hysteroscopic resection is now considered by many to be the standard of care
for the treatment of women who have a uterine septum and subfertility, the evidence for its efficacy
compared to no treatment is lacking.24

Co-Intervention (Avoiding Treatment Bias)
The appeal of a randomized trial is the assurance that random allocation of the subjects to experimental
or control groups results in the subjects in these groups having similar characteristics at baseline, so
that the efficacy of the experimental intervention can be tested cleanly and quantified reliably without interference from any extraneous factors. In this context, it is important to ensure that, except
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for the interventions being compared, the management protocol is held the same for both groups.
Co-intervention occurs when one group is provided with additional care (such as supplementary treatment, more monitoring, easier access to health care personnel, and so on) that is not offered to the
other group. The efficacy of the experimental intervention will be biased by co-intervention leading to
incorrect estimation of the size of the treatment effect. Also, with co-intervention, the research question
changes from the original question, “is the experimental intervention more efficacious than the control
interventions?” to the new question, “is experimental treatment in addition to the co-intervening care
more efficacious than control intervention?”

Sample Size Estimation (Ensuring the Ability to Detect a Difference in Outcome)
In an efficacy trial with comparable groups, any difference observed in the primary outcome event is
due either to chance or to the effect of the experimental intervention. The possibility of finding a treatment effect of the magnitude observed in such a trial is expressed by a probability value (p-value) that
indicates how likely an ineffective treatment would have been expected to produce the result observed.
The lower the p-value, the less likely is the effect due to chance and the more likely is it due to the
experimental intervention being evaluated. By convention, the threshold of this likelihood is taken to
be a probability value of 0.05, such that when the p-value is less than 0.05, the observed data are inconsistent with the experimental intervention being ineffective (i.e., the experimental intervention is more
efficacious than the control intervention).
In clinical trials, it is important to be able to detect, with a high level of confidence, a clinically
meaningful difference between experimental and control interventions. To do so requires conducting a
trial with sufficient numbers of subjects to avoid a chance finding (type I error) and to avoid missing the
detection of a true difference if one exists (type II error). The ideal situation is to conduct the trial with
a sample size just large enough to test the null hypothesis. The goal is to increase the signal-to-noise
ratio by recognizing that statistical “noise” (i.e., variability) is inversely proportional to the square root
of the sample size (i.e., noise decreases as the sample size increases). When the variation within groups
gets larger (the louder the noise) or when the difference in outcomes between the groups gets smaller
(the fainter the signal), the larger is the sample size needed to detect the signal.
The size of the sample needed to adequately test the hypothesis of treatment efficacy can be calculated using a standard formula or with the use of readily available software programs. The size of the
treatment effect (the “signal”) is the difference in magnitude between the outcomes in the experimental
and control groups, and is selected by the investigators because it has clinical relevance and importance.
The clinically important difference that is chosen is the smallest difference below which the experimental treatment would not be expected to alter current clinical management. In addition, an indication of
the variability (the “noise”) is obtained from the standard deviation for outcomes that are continuous
variables; for proportions, the difference in event rates is all that is needed. It is also necessary to select
appropriate values for the probability of making errors of hypothesis testing (typically, 0.05 for type I
and 0.2 for type II errors). Finally, it should be established whether the statistical test used to compare
the difference in outcomes is to be based on a one-tailed (difference in outcomes in one direction, i.e.,
benefit with experimental intervention) or two-tailed (difference in outcomes in either direction, i.e.,
benefit or harm with the experimental intervention).
In recurrent miscarriage research, the outcome events of most clinical relevance are clinical pregnancy or live birth, the rates of which are generally high. The sample size required to test the efficacy
of most interventions purported to improve pregnancy rates is often small enough to permit the trial
to be undertaken. For example, the control event rate (i.e., success rate with placebo or no treatment)
after three miscarriages is expected to be 65%, and any experimental intervention that can improve
the outcome to that expected in the normal population (i.e., 85%) would produce an absolute treatment
effect of 20%, a difference that is clinically important, implying that for every five women with recurrent miscarriage treated with the experimental intervention, one additional successful outcome would
be obtained compared to the control intervention.
To detect this magnitude of difference in clinical pregnancy rates would require a sample size of
162 (81 in each group) using a two-tailed hypothesis test with probabilities for types I and II errors set
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at 0.05 and 0.2, respectively. Accruing this number of subjects is not difficult in centers specializing
in the evaluation and management of recurrent miscarriage, but may require several years to complete
a trial in institutions with an average volume of clinical activity. Consequently, in everyday practice,
smaller trials are usually conducted because they are easier to complete in a shorter period of time.
Unfortunately, because they are insufficiently powered to test the null hypothesis, the results obtained
often lead to erroneous inferences being drawn unless the results from these trials can be pooled with
meta-analysis to generate more precise estimates of the treatment effect.
Reviewing the literature on recurrent miscarriage demonstrates an urgent need for trials with adequate power to be carried out so that conclusions about treatment efficacy can be made more reliably.
For example, a systematic review of immunotherapy for recurrent miscarriage included 12 trials with
an average sample size of 53 (range 22–131).25 Only one of the 12 trials had a sufficiently large sample
size with 131 subjects. Similarly, a systematic review of treatment for recurrent miscarriage in women
with antiphospholipid antibody or lupus anticoagulant included 13 trials with an average sample size of
66 (range 16–202).26 This review contained only one trial with a sufficiently large sample size of 202
subjects. Thus, if progress is to be made in recurrent miscarriage research, larger trials are necessary to
test the efficacy of new (and existing) interventions.

Avoiding Historical Controls (Avoiding Overestimation of the Effect of Treatment)
Despite the acknowledgement that the randomized trial is the ideal study design in evaluating therapeutic efficacy, clinical decisions are often made from evidence derived from non-randomized, observational studies, such as cohort, case-control, and historical-control. When randomized trials were
compared with observational studies to answer the same clinical question, between-study heterogeneity
was observed more frequently among observational studies.27 Some of this variability was reduced after
historical-control studies were excluded from the analyses.
A historical-control study is one in which the outcome of an intervention is compared to the outcome
observed prior to the administration of the experimental intervention. In recurrent miscarriage research,
this design is used fairly frequently to support claims of improved efficacy of new interventions. As
an example, a historical-control study was performed to determine whether metformin administered
to women with polycystic ovary syndrome to achieve pregnancy and then continued throughout the
pregnancy would reduce the likelihood of first trimester miscarriage.28 Among the ten women evaluated
in the study, their collective history of 22 previous pregnancies without metformin included 16 (73%)
miscarriages. In contrast, the current pregnancy on metformin therapy ended in miscarriage in only
one woman (10%). The authors statistically (and incorrectly) compared the two rates of miscarriage and
concluded that there was a significant benefit with metformin use. This approach is invalid from both
design (inappropriate controls) and analytical (lack of independence) perspectives.
There is also evidence that demonstrates historical-control studies are associated with an overestimation of the effect of treatment.27 Thus, historical-control studies should be avoided in recurrent
miscarriage research because treatment estimates derived from them are less reliable than those from
prospectively undertaken controlled studies.29

Intention-to-Treat Analysis (Avoiding Post-Randomization Exclusion of Data)
In trials of treatment efficacy, the purpose of randomization is to avoid bias in the selection of subjects
so that comparable experimental and control groups can be studied to provide a reliable estimate of the
size of the treatment effect. Once a subject has been randomized into the trial, she needs to be included
in the analyses, even if she never began the treatment or stopped taking the treatment part way through
the trial. After randomization, any changes in the composition of the groups, such as withdrawing from
treatment, being excluded from the analysis for failing to follow protocol, crossing over to the alternative intervention group, and so on, will disturb the balance between them and may affect their comparability. Therefore, it is important to ensure that subjects not only remain in the groups to which they
were allocated, but also complete the study.
Unfortunately, despite diligent attention to detail and monitoring of trial progress, the ideal goal
of achieving perfect compliance is often not reached. The usual approach to dealing with such
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post-randomization withdrawals is to analyze the data from only those who completed the assigned
treatment (i.e., per-protocol analysis) and ignore those who deviated from the protocol. Although this
approach seems sensible, it is not correct from a methodological perspective because the power of the
study to detect a clinically meaningful treatment effect is reduced. Also, by confining the analysis only
to those who are compliant with the protocol will produce an estimate of the treatment effect that is
biased because non-compliance is not a random occurrence and may be associated with a poorer (or
better) outcome. The correct approach is to perform the analysis according to the original random
assignment using an intention-to-treat method whereby all subjects allocated to one group at the time of
randomization are analyzed together as representing the intervention originally assigned to that group.
In most clinical trials, because it is expected that there will be some degree of non-compliance,
the intention-to-treat analysis will tend to underestimate the effect of the experimental intervention.
Maintaining group similarity and preserving the balance among prognostic factors in the study groups
produce a cautious method for evaluation and minimizes the likelihood of making a type I error in
hypothesis testing.
A good strategy to reduce the numbers of post-randomization withdrawals is to perform the random
allocation as late as possible, preferably just prior to the administration of the intervention.

Lack of Superiority, Equivalence and Non-Inferiority (Ensuring
Appropriate Testing of the Null Hypothesis)
The placebo-controlled trial is the optimal design for evaluating the efficacy of new treatments.
However, once efficacy of a treatment has been established, newer treatments should be compared
against these standard active treatments because the use of placebo for such subsequent evaluation is
considered unethical.
In general, efficacy trials of active treatments are designed to determine whether a new (experimental) intervention is superior to the standard (control) intervention. The objective of such superiority trials
is to rule out equality of the interventions by rejecting the null hypothesis that there is no difference
between the two treatments. Ideally, such trials are undertaken with the expectation that the new intervention will fare better and the objective is to demonstrate this fact unequivocally. More commonly,
though, the new intervention is only expected to demonstrate similar efficacy to the standard intervention so that health care providers can offer their patients a choice of treatment options. The objective in
such a trial is to demonstrate equivalent efficacy (equivalence) of the two interventions.
A common mistake, when a superiority trial fails to reject the null hypothesis of no difference, is to
conclude that the two interventions are equivalent. For example, consider a trial with a sample size of
50 women with recurrent miscarriage in which the standard intervention produced a live birth rate of
65%, and the experimental treatment intervention produced a live birth rate of 85%. This difference in
pregnancy rates of 20% is not statistically significant and may lead one to conclude that the two interventions are the same (i.e., equivalent). This is an incorrect interpretation as a lack of proof of superiority may be consistent with equivalence, it is not proof that equivalence is present. If the same result were
observed in a sample of 200 women, the observed treatment effect would be statistically significant.
The current practice of conducting small comparative trials that fail to show superiority of the new
intervention should be avoided when trying to evaluate equivalence, because the “lack of evidence of a
difference” is not synonymous with “evidence of a lack of difference.”
The goal in an equivalence trial is to rule out differences of clinical importance in the primary outcome between two interventions. To calculate a sample size for an equivalence trial requires defining
a priori a clinically important difference, starting with the assumption that there is a zero difference
in the outcome event rates between the two interventions. The null hypothesis (in contrast to that in a
superiority trial) is stated differently as a minimum difference that is acceptable that would render the
two interventions interchangeable.30 By rejecting this null hypothesis in favor of the alternative hypothesis that the difference in outcomes between the two interventions is zero, one can conclude that the
interventions are equivalent.
It should be recognized that the outcome event rate with the experimental intervention might be
slightly larger or slightly smaller than that with the control intervention. Thus, a range of possible
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outcome event rates can be generated. By starting with a 0% difference in outcome event rates, a confidence interval around this value is chosen to represent the clinically important range within which any
differences in outcome rates can lie for interventions that are considered equivalent. Equivalence can
be claimed when the trial is completed, if the observed difference in outcome event rates lies entirely
within the range selected for clinical importance. The smaller the selected range, the larger the sample
size required. Thus, the execution of an equivalence trial is challenging because it requires a much
larger sample size than that of a superiority trial.
An alternative strategy that avoids the need for a very large sample size is to conduct a “non-inferiority”
trial. The objective of the active-controlled, non-inferiority trial is not to demonstrate superiority, but to
establish that the effect of the experimental intervention, when compared to the control intervention, is
not below some prestated non-inferiority margin. In other words, given that it is impossible to prove the
null hypothesis of no difference, an operational definition must be considered that allows the experimental intervention to be inferior to the standard (control) intervention by a clinically tolerable amount
(i.e., the experimental intervention is “not much inferior” to the control intervention). Clinicians have to
decide on the amount of non-inferiority they are willing to accept as medically insignificant or tolerable
as a basis for non-inferiority claims. Such an approach is often used for newer drugs that may have lower
side effects, better tolerance, or lower cost than the standard intervention. For a non-inferiority evaluation, the null hypothesis states that the control intervention is superior to the experimental intervention.
The alternative hypothesis is that the experimental intervention is not inferior to the control intervention.
The design of a non-inferiority trial requires specifying the non-inferiority margin that is the extent to
which the outcome with the control intervention can exceed that with the experimental intervention and
still render the experimental intervention non-inferior to the control intervention. The null hypothesis
states that the outcome with the control intervention is at least as large as or exceeds this margin; if the
null hypothesis cannot be rejected then the control intervention is more efficacious than the experimental intervention. Rejection of the null hypothesis is required to establish non-inferiority of the control
intervention. It should be noted that according to the alternative hypothesis, the experimental intervention might perform better than the control intervention, but not to an extent greater than the inferiority
margin that has been established.
Because the direction of effect being assessed is one-sided (i.e., the experimental intervention is not
inferior to the control intervention), a one-sided hypothesis test is performed. Thus, by not requiring a
two-sided hypothesis test, the sample size required will be much lower. However, if the experimental
treatment performs better than the control intervention (and the outcome event rate exceeds the noninferiority margin), one cannot conclude that it is superior, because the trial design was not set up to
test this hypothesis.
Before a non-inferiority trial can be undertaken, it is necessary to confirm that the control intervention has been shown to be better than placebo. Furthermore, it is important to select a non-inferiority
margin that is small enough to not exceed that which has clinical relevance; choosing a large inferiority
margin will risk the generalization of the study findings, because it can be argued that such a large difference is clinically meaningful suggesting that the control intervention is superior to the experimental
intervention. Finally, it has to be assumed that the control intervention is superior to placebo (had such
a comparison taken place). To do so requires the inferiority margin to be smaller than the smallest effect
size the experimental intervention would be expected to produce had it been compared to placebo. In
this context, for the experimental intervention to be designated as being “at least as good as” the control
intervention, it has to retain at least 50% of the superiority of the control intervention over placebo.31,32

Onset of Treatment (Maximizing the Magnitude of the Effect of Treatment)
A major problem in the management of recurrent miscarriage is the assumption that diagnostic tests carried out in the nonpregnant state are used to identify potential causes of the miscarriages that have already
occurred. Treatment is then offered to prevent miscarriage in a subsequent pregnancy. Unfortunately,
there is no standardization in many of the treatment protocols regarding the onset of treatment. For
example, intravenous immunoglobulin has been administered before conception in some studies, and
only after confirmation of the pregnancy in other studies.33 Sometimes treatment is instituted only after
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fetal cardiac activity has been demonstrated as seen with the use of heparin in women with elevated
antiphospholipid levels.26 In this situation, the likelihood of a successful outcome without treatment once
fetal cardiac activity has been demonstrated is relatively high and it will result in efficacy studies failing
to accurately quantify the magnitude of the treatment effect with the experimental intervention.
The optimal time of onset of therapy will vary depending on the cause of the recurrent miscarriages,
but it makes sense to commence treatment before conception for most causes that can be identified using
the current diagnostic protocol. Clearly, consensus on this issue is urgently required so that treatment
benefit can be maximized.

Censoring Subjects Who Fail to Conceive (Avoiding Treatment Bias)
Another methodological concern in efficacy trials is the restriction of the number of cycles of preconceptional treatment patients may undergo. If these women do not conceive then they are withdrawn
from the study and replaced by other women who take their place in the trial. This strategy violates the
principle of randomization and introduces treatment bias by enrolling women with high fecundity rates.
It becomes difficult to generalize the results of such trials to the population of women with recurrent
miscarriage.
Women with recurrent miscarriage compared to those with sporadic miscarriage have a longer interpregnancy conception interval (i.e., length of time taken for conception to occur after a previous miscarriage increases with the number of miscarriages).34,35 The pathologic mechanism for this observation
is not clear. One possible hypothesis is that fear of miscarriage in a subsequent pregnancy induces
significant stress that may adversely influence the hypothalamus and result in subtle ovulatory dysfunction.1 Thus, it is clear that for treatments commenced before conception, a sufficient length of time
will be required before pregnancy can be achieved. For this reason and for the methodological reasons
discussed, women enrolled into randomized trials of treatment for recurrent miscarriage should not be
withdrawn just because pregnancy has not occurred in a short period of time.

Karyotypic Analysis of the Products of Conception in Treatment
Failures (Improving Accuracy of Treatment Effect Estimation)
The risk of having aneuploidy arising de novo is present in all pregnancies. Consequently, it is possible
that women receiving experimental or control interventions may experience another miscarriage for this
reason, which has nothing to do with the intervention itself. Hence, it is prudent to submit all products of
conception in efficacy trials to karyotypic analysis to exclude the presence of aneuploidy. Without this
information, it is impossible to ascertain whether the miscarriage is the result of a failure of the intervention administered or a de novo chromosomal anomaly. The magnitude of the size of the treatment
effect will be affected without adjusting for the miscarriages that were inevitable because of aneuploidy.
Improvement in ultrasonographic technology has resulted in images of early pregnancy having higher
resolution to permit earlier diagnosis of pregnancy failure, a process that is assisted with serial measurement of serum levels of progesterone and human chorionic gonadotropin. Thus, it is possible to
collect fetal and trophoblast tissue early and in a non-contaminated state so that karyotypic analyses
can be carried out successfully without any jeopardy to the cell culture, which had been a problem when
tissue was collected in a non-sterile manner. Furthermore, improved techniques in cytogenetics have
permitted more accurate and reliable assessments of the products of conception to be made. Given these
improvements in our diagnostic ability, it is even more important that every effort be taken to study the
products of conception in every case of miscarriage in therapeutic trials, so that a more valid assessment
of the efficacy of the experimental treatment can be performed.

Systematic Reviews (Improving the Precision of the Treatment Effect)
Although single randomized controlled trials are useful in evaluating efficacy and estimating the treatment effect, there is growing recognition that the use of systematic reviews to pool knowledge from a
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complete body of work is a better strategy to gather the best evidence to make decisions about therapeutic interventions. Systematic reviews are very reliable because their approach is structured, consisting
of clearly stated objectives, predefined eligibility criteria in searching for relevant studies, collation
of findings from studies that have been evaluated for validity, and statistical pooling of the data with
meta-analysis. This approach generates estimates of treatment effect that are more precise than can be
obtained from individual primary studies.
The Cochrane Collaboration was established in 1993 and it is focused on preparing and publishing systematic reviews of highest quality studies. There are currently 54 Cochrane Review Groups, each covering
a specific area of health care. Seven of these groups deal directly with the field of obstetrics and gynecology and women’s health. Among these groups, the Menstrual Disorders and Subfertility group is focused
on RCTs of treatment for subfertility. There are now over 5000 published RCTs on subfertility and 170 full
Cochrane reviews (until June 2013).36 However, when searching the database of reviews, there are, to date,
only 11 reviews on recurrent miscarriage. Clearly, much work remains to be done in this area to increase
the numbers of systematic reviews evaluating treatments for recurrent miscarriage. In doing so, the field
can be advanced by providing more reliable and precise estimates of the effect of treatment.

Adherence to Guidelines (Enhancing External Validity)
Evidence from clinical research should be evaluated for validity before it is applied to clinical practice.
Subsequently, evidence of high quality should be incorporated into clinical guidelines to direct physicians
on improving the level of care they provide to their patients. These guidelines will evolve as newer and
valid evidence is gathered. Although such a process of integrating evidence into clinical practice is logical and sensible, the true state of affairs in the area of recurrent miscarriage leaves a lot to be desired. For
example, although guidelines for recurrent miscarriage have incorporated knowledge from diagnostic tests
and efficacy of therapy, the adherence to these guidelines by practitioners has been shown to be very poor.37
A recent study assessed the quality of care in couples with recurrent miscarriage according to a set
of guideline-based quality indicators and analyzed whether variation in this care was related to determinants at the level of the patient, the professional, or the hospital.38 Adherence to these indicators was
found to be low, with wide variation among hospitals, resulting in appropriate care being administered
to less than 50% of the couples. Thus, despite being evidence-based, the new guidelines were not being
readily adopted in clinical practice. Furthermore, when professionals were asked about their adherence to guidelines, it was observed that there was a 30–40% over-estimation compared to their actual
adherence.39
The importance of adherence to guidelines for recurrent miscarriage becomes clear when assessing
external validity of trials of therapeutic efficacy. The sample selected for study is chosen from the population of women with recurrent miscarriage that satisfies inclusion criteria based on currently accepted
standards. However, if the standards being applied in clinical practice are at variance to guidelines
because of non-adherence by practitioners, then extrapolation of the evidence from efficacy trials to
the general population becomes less reliable and may result in the treatment effect being minimized,
thereby reducing the effectiveness of the interventions.

Summary
Therapeutic decision-making relies on the availability of good quality evidence generated from studies
of high quality, high internal validity, and without bias. In the area of efficacy evaluation of therapy for
recurrent miscarriage, the randomized trial is the gold standard and should be designed and executed
with attention to methodological details outlined in this chapter. The starting point requires defining
the research objective that is clearly articulated as a research question describing the patient population, experimental and control interventions, and outcome of interest. The population should be clearly
defined and women with repeated implantation failure should be excluded. The subjects selected for the
trial should be randomly allocated to the experimental or control interventions to ensure similarity in
the composition of the group. The allocation sequence should be concealed from all investigators and
health care personnel involved with the trial so that bias in selecting participants can be avoided.
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Whenever possible, attempts should be made to blind subjects, investigators, health care personnel
providing care, and outcomes assessors so that ascertainment bias can be avoided. Further bias of treatment assessment can be avoided by ensuring that co-intervention does not occur and historical controls
are avoided.
Testing the null hypothesis of no difference in outcomes between the experimental and control
intervention requires enrolling sufficiently large numbers of participants so that a clinically important
treatment effect can be detected. Smaller sample sizes will usually lead to erroneous inferences about
treatment efficacy. Wherever possible, stratification should be performed for the number of previous
miscarriages. In addition, stratification, or subgrouping, by female age should be considered. Treatment
should be commenced prior to pregnancy and should be continued for a sufficient length of time to permit pregnancy to occur; post-randomization withdrawals of subjects who fail to conceive after a short
period of time should be avoided.
All analyses should be undertaken using an intention-to-treat approach so that post-randomization
exclusion of data does not occur. The approach of the study from the perspectives of superiority, equivalence, or non-inferiority should be established before the trial begins so that the required numbers of
participants can be accrued and the hypothesis testing can be directed appropriately. The products of
conception should be submitted for karyotypic analysis for all intervention failures so that more accurate estimates of the effect of treatment can be generated.
The reporting of the results should follow the guidelines established by the Consolidated Standards
of Reporting Trials (CONSORT).40 This statement consists of a checklist and flow diagram for reporting the results from randomized controlled trials and prompts investigators to ensure that important
elements in clinical trial design have been addressed. The issues raised in this chapter are important
for creating the basis for using an evidence-based approach to inform therapeutic decisions in clinical
practice.
Finally, systematic reviews of randomized controlled trials should be undertaken to improve the precision of the treatment effect of interventions for recurrent miscarriage and the practice of therapeutics
in this field should adhere to established guidelines that are developed from such high quality and valid
evidence.
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Introduction
In the first edition of this book, three guidelines for management of recurrent pregnancy loss (RPL)
were compared and contrasted, they were the protocol of the Royal College of Obstetricians (RCOG),1
the American College of Obstetricians and Gynecologists (ACOG)2 and the European Society of Human
Reproduction and Embryology (ESHRE).3 The chapter in the first edition showed that each of the guidelines were different with widely differing recommendations. The RCOG guideline has been updated,
with the latest edition published in 2011.4 The ESHRE protocol has not been updated, and the ACOG
guideline was replaced by the American Society of Reproductive Medicine (ASRM) guideline in 2012.5
In addition, there are Dutch and Danish guidelines available. In the 7 years since the first edition of this
book, it was hoped that the various guidelines would have developed a unified approach. Alas, this has
not happened, and the guidelines are still very different in their approach to RPL.
Although the purpose of an investigation protocol is to assist physicians as to which investigations
are worthwhile in order to reach a diagnosis, the various protocols may confuse the physician. The
physician may comply with the guideline of his own national or regional organization, but there is
a real problem when the leading professional organizations do not concur. Virtually all the protocols
classify RPL as one homogeneous condition, and try to suggest a group of investigations or treatment
either centered on an evidence based approach or the experience of the particular authors. However,
treating RPL as one homogenous condition takes no account of individual circumstances in different
patients. The prognosis is different in different patients. The author classifies patients into those with a
good, medium or poor prognosis. Stravelos and Li6 classify patients as type I, in which RPL occurs by
chance, there is no underlying pathology and a good prognosis; and type II unexplained RPL, which
occurs due to an underlying pathology that is currently not yet identified by routine clinical investigations and a poorer prognosis. Good or bad prognosis is dependent on certain factors: primary and
secondary aborters,7 those losing late or early pregnancy loses, as late losses have a worse prognosis,8
and recently those losing karyotypically abnormal from those losing karyotypically normal embryos, as
euploid abortions are associated with a worse prognosis than aneuploid abortions.9 Additionally, treatment is often controversial, as demonstrated by the various debates in this book. We are of the opinion
that there may not be one approach to treatment. For example, in antiphospholipid syndrome (APS),
low molecular weight heparins (LMWH), and aspirin may be the standard treatment, but a different
approach is indicated in the patient who continues losing pregnancies despite treatment. In this chapter,
some of the standard protocols will be discussed, and some other approaches discussed that might be
appropriate in particular patients.

Inclusion Criteria
The standard protocols listed above differ about who should be investigated and the criteria for investigation. The ASRM protocol,5 recommends investigation after two or more pregnancy losses, whereas
the RCOG4 and ESHRE3 protocols only recommend assessment after three or more losses. However, no
protocol defines pregnancy loss. A problem arises with preclinical or biochemical pregnancy losses. In
these cases, no pregnancy sac can be visualized on ultrasound. The incidence of biochemical losses is so
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high that the relevance of biochemical pregnancy losses is questionable. All biochemical pregnancies are
by definition, pregnancies of unknown location, therefore some biochemical pregnancies will be ectopic
gestations. Hence, the recent revised definitions of the American Society for Reproductive Medicine,10
where clinicians are advised not to consider biochemical pregnancy losses as miscarriages when assessing
RPL. However, none of the investigation protocol says whether these “biochemical pregnancies” should
be considered pregnancy losses. A positive hCG level may be due to “phantom,” endometrial or pituitary
hCG. This problem has become especially common since the wide use of in vitro fertilization, where hCG
testing is often performed 12 days after exogenous hCG administration. Although hCG should be cleared
from the circulation by 12 days, some may still be present in certain patients leading to a false positive
result. The author11 has previously defined a biochemical pregnancy as three or more spontaneous pregnancies with a βhCG level between 10 and 1000 IU/L in a cycle in which no hCG was administered, no
pregnancy sac was demonstrated on ultrasound, and menstruation delayed by no more than 1 week. This
definition has since been accepted by ESHRE.12 However, the author has tended to become more restrictive, and now only accepts a biochemical pregnancy as such if there are two readings that show a rising
level. Patient No. 6 below presented with a problem of recurrent biochemical pregnancies. If biochemical
pregnancies recur three times, the author considers these events as early pregnancy losses.
Similar confusion surrounds the upper level of pregnancy loss. Traditionally any pregnancy that has
been lost prior to viability was considered as abortion. The more recent North American definition includes
pregnancy losses up to 20 weeks as a miscarriage. However, there are many exceptions to this rule. Preston
et al.,13 in a leading paper on hereditary thrombophilias, assessed “miscarriages” as up to 27 weeks. Ober
et al. (Ober, personal communication) in the paper most often quoted to show that paternal leucocyte immunization is ineffective,14 included nonconsecutive abortions and pregnancies up to 29 weeks. Laskin15 in a
leading article usually quoted to show that steroids have no place in antiphospholipid syndrome included
patients with pregnancy losses up to 31 weeks. It is difficult to believe that that research on patients with two
losses at 27, 29, or 31 weeks have relevance to patients with five or more losses of blighted ova. We tend to
agree with the conclusions laid out by Farquharson et al.,12 that recurrent pregnancy loss needs to be much
better defined before any relevant investigation or treatment protocols can be determined.

Standard Protocols
The RCOG protocol1 was originally published in 1997, updated in 2003, and most recently updated in
2012.4 The protocol attempts to be evidence based as far as possible. Evidence is classified as in Table
40.1. The recommendations are made for and against various causes of miscarriage and methods of
treatment are graded according to the level of evidence available. Areas lacking evidence are called
“good practice points,” based on the clinical experience of the guideline development group. The evidence is mainly taken from the Cochrane Register of Controlled Trials. The guideline recommends fetal
karyotyping, three dimensional ultrasound, hydrosonography or hysteroscopy for uterine anomalies,
APS testing and interpretation according to the updated “Sapporo” criteria,16 and treatment with heparin and aspirin. Interestingly, parental karyotyping, which was recommended in the previous versions
of the guideline, are no longer recommended except when an unbalanced chromosome abnormality
is identified in the products of conception. The protocol claims that there is insufficient evidence to
TABLE 40.1
Levels of Evidence
Ia
Ib
IIa
IIb
III
IV

Evidence obtained from meta-analysis of randomized controlled trials
Evidence obtained from at least one randomized controlled trial
Evidence obtained from at least one well-designed controlled study without randomization
Evidence obtained from at least one other type of well-designed quasi-experimental study
Evidence obtained from well-designed nonexperimental descriptive studies, such as comparative studies,
correlation studies, and case studies
Evidence obtained from expert committee reports or opinions and/or clinical experience of respected authorities
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assess progesterone and hCG supplementation, and bacterial vaginosis. Assessment of thyroid function,
antithyroid antibodies, alloimmune testing and immunotherapy, and assessment of TORCH and other
infective agents are not recommended. The protocol reserves judgment on factor V Leiden or the other
hereditary thrombophilias, claiming that there may be an association with second trimester miscarriage, but not first trimester miscarriage. The RCOG protocol4 is the generally accepted norm within
the UK. The guideline states that a significant proportion of cases of recurrent miscarriage remain
unexplained, despite detailed investigation, and that the prognosis for a successful future pregnancy
with supportive care alone is in the region of 75%. However, the most recent version of the guideline
states that the prognosis worsens with increasing maternal age and the number of previous miscarriages.
The RCOG guideline takes no account of specific types of pregnancy loss, and does not distinguish
between different types of patient. There are no suggestions regarding patients who subsequently miscarry despite the reassurance of a 75% prognosis for a live birth. The fact that the guideline states “the
use of empirical treatment in women with unexplained recurrent miscarriage is unnecessary and should
be resisted,” has denied many British patients with large numbers of miscarriages, treatment which may
be effective in certain subgroups of patient.
The ASRM guideline5 is much less dogmatic than the RCOG guideline. Two pregnancy losses are recognized as warranting investigation. The ASRM guideline does not base its recommendations on a strictly
evidence based approach, and states that new and controversial etiologies should not be investigated or
treated. Various suspected causes of RPL are either recommended or not recommended, or claimed to
be of doubtful value. As the RCOG guideline, the ASRM guideline does not take account of different
types of patient, or different prognoses; it does state clearly that it should not be construed as dictating an
exclusive course of treatment or procedure. The guideline also states that variations in practice may be
warranted based on the needs of the individual patient, resources, and limitations unique to the institution
or type of practice. Unlike the RCOG guideline,4 the ASRM guideline recommends parental karyotyping,
and suggests that the couple should be offered prenatal diagnosis if one parent has a chromosomal aberration. Karyotyping of the abortus is recommended. The guideline states that assessment of the uterine
cavity is advised and it supports resection of a septum. Although the contribution of uterine septa to first
trimester loss is claimed to be controversial, the resection of intra-uterine adhesions and polyps is also
said to be controversial without good evidence of effect. Screening is recommended for antiphospholipid
antibodies and recommended treatment is with aspirin and unfractionated heparin rather than low molecular weight heparins. Progesterone support is said to be ineffective, but may have a place in some patients.
The ASRM guideline does not recommend screening for antithyroid antibodies, or infections such as
chlamydia, mycoplasma, or bacterial vaginosis. Alloimmune testing, paternal leucocyte immunization nor
intravenous immunoglobulin G (IVIg) are also not recommended; hCG supplementation is not mentioned.
The ESHRE guideline3 was published in 2006, and 8 years later, requires updating. However,
ESHRE, as with RCOG, restricts the definition of recurrent miscarriage to three or more consecutive
miscarriages. It takes account of different types of patient as the introduction states: “The number of
previous miscarriages and maternal age are the most important covariates and they have to be taken
into account when planning therapeutic trials. The ideal trial should have stratification for the number
of previous miscarriages and maternal age, with randomization between control and experimental treatments within each stratum.” The protocol discusses investigations of cause and treatment interventions
separately, and unlike the RCOG guidelines, does not quote the level of evidence for its recommendations. The protocol does recommend testing blood sugar levels and thyroid function tests, antiphospholipid antibodies (LAC and aCL), parental karyotyping, and assessment of the uterine cavity by pelvic
ultrasound or hysterosalpingography. Hysteroscopy and laparoscopy are reserved as “advanced investigations” but the protocol does not make clear which patients warrant “advanced investigations.” There
is a new category of investigations, known as investigations that should be used in the framework of a
clinical trial. These include fetal karyotyping, testing of NK cells, luteal phase endometrial biopsy, and
homocysteine levels. Treatment is classified separately from investigation in this protocol. Both tender
loving care and health advice, such as diet, abstention, or reduction of coffee intake, smoking, and
alcohol are described as established treatments. However, no evidence, results, or references are quoted
to justify calling these treatment modalities established treatment. The following are said to require
more RCTs before definite recommendations can be made: aspirin and low molecular weight heparins,
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TABLE 40.2
Comparison of Three Protocols for the Investigation and Treatment of Recurrent Pregnancy Loss
Investigation or Treatment

RCOG Protocol

ASRM Protocol

Parental karyotyping
Fetal karyotyping
Uterine cavity assessment
Resection of uterine septum
APS assessment (ACA and LA)
Treatment of APS with heparin and
aspirin
Luteal Phase investigation

Not recommended
Recommended
Recommended
Insufficient evidence
Recommended
Recommended

Progesterone supplementation

Insufficient evidence

Insufficient evidence

hCG supplementation
Bacterial vaginosis
Hereditary thrombophilias

Insufficient evidence
Insufficient evidence
Recommended for
second trimester losses
Insufficient evidence

–
Not recommended
Not recommended

–
–
–
Not recommended
Not recommended
Not recommended

Recommended
–
Recommended
Not recommended
Not recommended
Not recommended

Insufficient evidence
–
–
–
Not recommended

Recommenderd
–
–
–
Not recommended

Anticoagulants for hereditary
thrombophilia
Thyroid function
Glucose challenge test
Prolactin estimation
TORCH Testing
Alloimmune testing
Immunotherapy

Tender loving care
Diet, smoking, alcohol
Folic acid for hyperhomocysteinemia
Vitamin supplementation
Steroids

–

ESHRE Protocol

Recommended
Recommended
Insufficient evidence
Should be considered
Recommended
Recommended

Recommended
Trial required
Recommended
–
Recommended
Insufficient evidence

Not recommended

Insufficient evidence trials
required
Insufficient evidence.
More RCTs required
–
–
Recommended as
advanced investigation
Insufficient evidence

–

Recommended
Recommended
–
Not recommended
Insufficient evidence
Insufficient evidence. RCT
required for IVIg and
third party leucocytes,
PLI no proven effect.
Recommended
Recommended
Insufficient evidence
Not recommended
Not recommended

Note: RCOG: Royal College of Obstetricians; ASRM: American Society of Reproductive Medicine; ESHRE: European
Society of Human Reproduction and Embryology; APS: antiphospholipid syndrome; RCT: randomized controlled
trial; IVIg: intravenous immunoglobulin G.

or unfractionated heparin for APS, anticoagulants for inherited thrombophilia, progesterone supple
mentation, intravenous immunoglobulin, folic acid in women with hyperhomocysteinemia, and immunization with third-party donor leucocytes. However, immunization with paternal leucocytes is said to
be of no proven benefit as is multivitamin supplementation. Steroids are said to be associated with more
harm than benefit during the first half of pregnancy. Again, no evidence or references are provided.
Table 40.2 contrasts the recommendations for various investigations and treatment modalities in the
three protocols. Reliance on these guidelines will leave the physician in a quandary as to which investigations to perform and which treatment to offer.

Factors Affecting Subsequent Prognosis
The chance of a third pregnancy loss after two miscarriages is usually quoted to be approximately
20%, and the chance of a fourth miscarriage after three previous miscarriages is usually quoted to
be approximately 40%. However, some studies have failed to find a difference in the subsequent live
birth rate between two and three previous losses.17 In certain forms of recurrent pregnancy loss,
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2 miscarriages
10%

10%

80%
Live births

3 miscarriages
20%

20%

60%
Genetic abortions

≥5 miscarriages
32.5%

32.5%

35%
Maternal factor abortions

FIGURE 40.1 Number of previous abortions and effect of treatment for maternal factors. Patients with two miscarriages
have an 80% chance of a live birth if untreated. If 50% of subsequent miscarriages are chromosomally abnormal, any
treatment aimed at correcting a maternal cause of miscarriage, can only raise the live birth rate from 80% to 90%. In
order to show a statistical significance between 80% and 90%, will require a mega-trial. Hence most treatment regimens
used on patients with two miscarriages will be ineffective. Treating patients with three miscarriages, can only raise the
live birth rate by 20%. However, if treatment is used on patients with a poor prognosis, the live birth rate can be raised by
32%, making it relatively easy to show a statistically significant effect of treatment.

the recurrence rate is unknown, for example, in recurrent biochemical pregnancies, after in vitro
fertilization, antiphospholipid syndrome, or in the older woman. However, there are certain factors
that help to predict the prognosis. These are: (i) number of previous pregnancy losses. As the number of previous losses increases, the chance of a live birth decreases.18 (ii) Primary, secondary or
tertiary aborter status, the secondary aborter has a better prognosis than the primary aborter.7 (iii)
Karyotype of previous miscarriage. The patient with an aneuploid abortion has a better chance of a
live birth.9,19 Figure 4.1 in Chapter 4 shows the prognosis according to fetal karyotype. (iv) Concurrent
infertility.20,21 (v) Maternal age.18,21 (vi) Antipaternal complement dependent antibodies (APCA) have
also been reported to be predictive of a successful pregnancy outcome.20,22 (vii) Natural killer (NK)
cells.23,24 (viii) Early or late pregnancy losses, as the patient with late losses tends to have a worse
prognosis.8 The most important predictive factor is the number of previous miscarriages. Figure 1.1
in Chapter 1 shows the decreasing live birth rate with the increasing number of miscarriages. Carp
et al.7 have previously published figures for their series. After three miscarriages, there was a 55%
live birth rate in untreated patients with unexplained recurrent pregnancy loss (33 of 85 patients). The
incidence of live births was 45% after four miscarriages (17 of 38 patients, 41% after five miscarriages (10 of 24 patients), 13% of patients with six miscarriages (2 of 15 patients), and 23% after 7–12
miscarriages (4 of 17 patients).
Figure 40.1 shows the effect of assessing treatment on patients with two miscarriages. If there is a
subsequent 80% live birth rate, and 50% of subsequent miscarriages are chromosomally abnormal,
any treatment aimed at correcting a maternal cause of miscarriage can only raise the live birth rate
from 80% to 90%. In order to show a statistical significance between 80% and 90%, a mega-trial
will be required. Hence, any trial that includes patients with two miscarriages will show any treatment to be ineffective. Even the ASRM guideline,5 which recognizes two or more miscarriages as
the basis for investigation and treatment, suggests that research trials should be limited to patients
with three or more pregnancy losses. Table 40.3 shows a rough scale of the prognosis according to
the various prognostic factors, and should give physicians and patients a rough idea as to the relative
prognosis.

Good Prognosis Patients
These patients include young patients with two or possibly three first trimester miscarriages. “Good
prognosis” patients probably require very little investigation. However, they do require reassurance of
their prognosis and “tender loving care.” Ultrasound scans on a regular basis can reassure the patient
and their partner that the pregnancy is progressing normally. The early pregnancy centers in the UK are
invaluable in this approach, especially if they allow the patient access on a “walk in” basis. The patient
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TABLE 40.3
Relative Prognoses According to Clinical Features
Good Prognosis

Medium Prognosis

Number of miscarriages

2
3

4

Age
Karyotype of abortus
1° or 2° aborter
Early or late losses
Infertility
Antipaternal complement dependent antibodies
Natural killer cells

20s
Aberant
2°
Early
Normal fertility
Positive
Normal

30s
Normal
1° or 3°
Early
Negative

Poor Prognosis
5
6
7
8
9
40s
Normal
1° or 3°
Late
Infertility
Negative
High

should be reassured that in the event of another miscarriage, further investigations will be carried out,
including karyotyping of the abortus, and possibly embryoscopy. It is doubtful whether “good prognosis” patients need pharmacological support on an empirical basis. A question arises regarding patients
who have undergone partial investigations. For example, if a patient with two blighted ova is found to
have a septum, it is questionable whether the septum is the cause, or whether it should be resected. A
septum has been described to cause abortions of live fetuses in the second or third trimester’s after a
“mini labour.”25 Therefore, should the septum be left in situ? As there is no evidence that it is the cause,
or should it be resected, as it may cause late abortions and pre-term labor? These questions should be
discussed with the patient and partner. It is important to remember that the patient’s views are as valid
as those laid down in official guidelines. In any recurrent miscarriage clinic, the majority of patients
will have a good prognosis. Their good prognosis should not influence the management of patients with
a poor prognosis. Chapter 41 shows a treatment protocol for treating good or medium prognosis patients,
which differentiates between pregnancy loss due to embryonic aneuploidy and treating losses due to
maternal factors.

Medium Prognosis Patients
This group of patients will include women with three and possibly four miscarriages. The prognosis for
a live birth is approximately 60% after three miscarriages (40% after four miscarriages) (Figure 40.1).
If these patients are included in a trial, Figure 40.1 shows that treatment of maternal factors can raise
the live birth rate by approximately 25%. Again, a trial of treatment for maternal factors would need
large numbers to achieve the power to show a statistically significant benefit of treatment. For example,
paternal leucocyte immunization was shown to have a statistically significant benefit in the RMITG
trial of 419 patients,20 but not in Ober et al.’s14 trial of 200 patients. We believe that these patients should
be investigated, and the standard protocols assessed above give an indication of the criteria for investigation. In this group of patients, investigation may vary depending on the clinical presentation. Various
clinical presentations and their likely causes are described below. In “medium prognosis” patients,
treatment should be directed at the cause as far as possible. However, despite extensive investigations,
the cause is often not apparent. In these cases, there may be a place for empirical hormone support with
progesterone or hCG, as there is evidence,26−29 although debatable, that these hormones may improve the
prognosis by approximately 25%. This treatment is empiric, as there is no investigation in the interval
between pregnancies that can diagnose a hormonal deficiency. A problem may arise when the clinical presentation is at variance with the laboratory investigations. For example, should a patient with
antiphospholipid antibodies and a chromosomally abnormal abortus in a previous pregnancy be treated
by anticoagulants? As with “good prognosis” patients, skill and experience may be necessary to interpret the results.
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If there is a presumptive diagnosis, treatment should be prescribed accordingly. Some examples are
given below
1. Parental chromosomal aberrations. Opinions are divided as to whether these patients have
a worse prognosis.30−33 Additionally, they seem to lose eukaryotypic abortuses.34 Only few
abortuses inherit the aberration in an unbalanced form (five of 39 abortuses in Carp et al.’s34
series). However, if the fetus does inherit the chromosomal aberration in an unbalanced form,
preimplantation genetic diagnosis (PGD) may be appropriate treatment.
2. Fetal karyotypic aberrations. When aberrations are present, there is usually a good prognosis.
However, there are a few patients with repeat aneuploidy. This was found in 19% of patients
in Carp et al.’s34 series, and 10% of patients in Sullivan et al.’s35 series. PGD is appropriate in
cases of repeat aneuploidy.
3. Antiphospholipid antibodies are generally accepted as a cause of pregnancy loss. At present,
treatment seems to be indicated. However, the “Sapporo” criteria of two readings at least
12 weeks apart, should be observed before a definitive diagnosis.16 It may be that the strict
“Sapporo” criteria should be relaxed in RPL as suggested in Chapter 20, but there is no placebo control trial on anticoagulant and aspirin treatment in APS or reproductive auto-immune
failure syndrome (RAFS). In a questionaire36 which was sent to 16 experts in obstetrics, rheumatology, immunology and internal medicine in the USA, UK, France, Spain, Netherlands,
Italy, Israel, Argentina, and Brazil, the general opinion was to treat with LMWH and low dose
aspirin from the moment that pregnancy was diagnosed. However, until now, there has been no
evidence that aspirin has a therapeutic effect. On the contrary, a meta-analysis of three trials
of aspirin has failed to find any therapeutic effect.37
4. Hereditary thrombophilias are controversial as to their role in pregnancy loss. They seem to
be associated with late losses rather than early losses.13 However, the literature is divided on
this issue. Hereditary thrombophilias, protein C, and antithrombin activities are measured by
chromogenic assays, and free protein S antigen is measured by ELISA. Patients were diagnosed having protein C, protein S, or antithrombin deficiency if the value of the corresponding
protein is below 2 standard deviations of the mean level. Protein C resistance is assessed by
clotting techniques. Factor V Leiden, the C677T substitution in the MTHFR gene, and the
G20210A substitution in the factor II gene is detected by polymerase chain reaction amplification. However, the testing is costly. Serum fasting homocysteine levels are possibly better
indicators than MTHFR. At present, we treat patients with hereditary thrombophilias with
anticoagulants, usually the low molecular weight heparin enoxaparin. We have found this
medication to raise the live birth rate by 25% in a comparative cohort, but nonrandomized
study.38 Randomized trials are sorely needed in order to determine if this approach is justified.
5. There is also a dearth of trials to determine the place of uterine malformations. Classically,
hysterosalpingography was used to make the diagnosis of uterine anomalies, however, x-ray is
uncomfortable for the patient and can only diagnose the uterine cavity. Hysterosalpingography
cannot distinguish between a septate and bicornuate uterus. Recently, hysteroscopy has tended
to replace x-ray. Hysteroscopy is associated with much less discomfort, but also cannot distinguish between a septate and bicornuate uterus. However, it is the best procedure for diagnosing
other intrauterine pathology such as polyps, fibroids, etc. Three-dimensional (3D) ultrasound
is probably the best procedure for distinguishing between a septate and bicornuate uterus.
This distinction is essential if hysteroscopic setotomy is considered. However, 3D ultrasound
requires specialized equipment and highly trained staff.

Poor Prognosis Patients
The author defines these patients as those with five or more consecutive miscarriages. Stravelos and
Li17 classify these patients as type 2 RPL. They have been poorly described in the literature and they
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have formed the subjects of few trials. These patients constitute approximately 20% of the patients in
the Recurrent Miscarriage Immunotherapy Trialists Group register, and 30% of the patients in our service.39 However, the proportion will be fewer in patients in centers using the ASRM definition of RPL
as two or more miscarriages. The feature that distinguishes these patients is that they have usually
had all the investigations and empirical treatments available. Hormone supplements, anticoagulants,
hysteroscopic surgery, and often in vitro fertilization have been tried. Additionally, there may be APS
patients who have failed treatment, patients who continue miscarrying after surgery for uterine anomalies, and in our service, patients who have been treated with anticoagulants for hereditary thrombophilias without success. However, most of these patients have not had fetal karyotyping performed.
After five or more miscarriages, the chance of fetal chromosomal aberrations is less than after three
miscarriages. Ogasawara et al.9 have shown clearly that the incidence of chromosomal aberrations
decreases with the number of miscarriages. Our approach in these patients is to perform controversial
testing and treatment. These patients cannot be assured of a good prognosis as described in the various
guidelines. A cytotoxic cross match between maternal serum and paternal cells to detect APCA may
be helpful. The absence of these antibodies indicates a poorer prognosis,20 and the presence of these
antibodies indicates a better prognosis.22 The numbers and activity of NK cells can also be helpful.
Increased numbers of NK cells have been found in the peripheral blood in RPL,40 particularly in primary aborters.41 Increased numbers and activity of NK cells have also been associated with a poorer
prognosis in the subsequent pregnancy.42,43
In poor prognosis patients in whom other forms of treatment have failed, immunotherapy seems
to confer a greater benefit that after two or three miscarriages.39,44−46 The randomized trials and
meta-analyses of paternal leucocyte immunization are not appropriate for judging the effect on
“poor prognosis” patients, as the results have been obscured by the good and medium prognosis
patients. IVIg has also not been found to be effective when all patients are judged as a homogeneous
group.40 However, when “poor prognosis” patients are selected, IVIg has been found to improve the
live birth rate.45,46 Immunotherapy is probably more appropriate in patients losing karyotypically
normal embryos.47
As with the “medium prognosis” patients, we attempt to karyotype the embryo. If immunotherapy
fails, and the embryo is karyotypically normal, surrogacy may offer the only possibility of a live birth.
If however, the pregnancy is karyotypically abnormal, a second pregnancy can be attempted with
immunotherapy, as immunotherapy cannot prevent chgromosomal aberrations. If, however, the patient
loses two karyotypically abnormal embryos, PGD should be offered.

The Resistant Patient
The patient with three miscarriages has an approximately 60–70% chance of a subsequent live birth and
a 30–40% chance of a fourth miscarriage. The patient with four miscarriages has a 50–60% chance of a
subsequent miscarriage. Therefore, after three miscarriages 15–24% of patients will have two subsequent
miscarriages (see Figure 1.1). None of the guidelines listed above provide any guidance for the resistant
patient, only for the initial pregnancy. The following is the authors approach. If a subsequent miscarriage
occurs in the first trimester, the embryo should be karyotyped. If conventional karyotyping fails due to
culture failure etc., it is possible to obtain DNA from the abortus, and perform CGH. Alternatively, embryoscopy can be performed to exclude anomalies, if embryoscopy is available. If the embryo is aneuploid or
otherwise abnormal, the aneuploidy may be an isolated event and the prognosis is better for the next pregnancy (see Chapter 4). If treatment had been administered for a maternal cause of pregnancy loss, the fetal
abnormality may be a confounding factor, and it is fully justified to repeat the same treatment. However,
in cases of repeat aneuploidy, preimplantation genetic screening (PGS) should be performed.
If the embryo is normal on genetic testing, other forms of therapy should be considered. For example,
if progesterone support had been given, hCG or immunotherapy might need to be considered.
If a subsequent loss occurs in the second or third trimesters, hysteroscopy may need to be performed
(if not previously performed) or repeated in order to exclude uterine anomalies. If anticoagulants had
been used for APS, an increased dose may be indicated. In the very resistant cases with five or more
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miscarriages, unconventional or non-evidence based treatment may be indicated, such as intravenous
immunoglobulin, or surrogacy.

Specific Forms of Pregnancy Loss
The majority of recurrent pregnancy losses are losses of blighted ova, in which no fetal heartbeat or
even a fetal shadow was ever detected on ultrasound. We tend to assess these patients based on their
prognosis, as listed above, and to treat them according to karyotypic findings.

Recurrent Second Trimester Fetal Death
This group of patients has a poorer prognosis than after first trimester losses.8 It is therefore justified
to investigate and treat after two losses. The chance of a second trimester loss being due to chromosomal aberrations is less than in first trimester miscarriages. However, there may be fetal structural
anomalies. Hence, detailed ultrasound may assist the diagnosis. Another possibility for diagnosing
fetal structural anomalies is embryo-fetoscopy. Diabetes should be excluded as diabetes predisposes
to fetal anomalies.
Thrombotic mechanisms, either due to APS or hereditary thrombophilias, are more likely to cause
fetal demise than first trimester miscarriages.13,48 If either of these is found, in the presence of recurrent second trimester fetal deaths, treatment by anticoagulants is warranted. New thrombophilias
are constantly being identified. Microparticles and protein Z deficiency are two such examples.
These thrombophilias are not usually excluded in any investigation protocol. However, there is
insufficient evidence of effect to use anticoagulants on an empirical basis in the absence of APS
or hereditary thrombophilia. To date, no trial has assessed anticoagulants in unexplained recurrent
second trimester losses.
Drakeley et al.49 have summarized a database analysis of 636 patients attending a UK miscarriage
clinic. Second trimester miscarriages accounted for 25% of miscarriages in their series; 33% tested
positive for aPL, there was a 4% prevalence of uterine anomaly, 3% could be explained by infections
and 2% of patients were hypothyroid. In 50% of patients, no diagnosis was apparent. However, hereditary thrombophilias were not investigated in that series.

Losses of Live Embryos
Live embryos may be lost in the first or second trimesters. The distinguishing feature of these losses is
that the uterus starts to contract, and vaginal bleeding precedes fetal demise. There may be placental
separation and retroplacental hematoma formation. These forms of pregnancy loss are relatively rare,
comprising approximately 11% of recurrent pregnancy losses.50 These pregnancy losses are less likely
to be due to an embryonic or fetal factor, and more likely to be due to a uterine or other maternal factor. However, patients with this clinical presentation have not been investigated as a separate group.
Hence, there is no evidence to support any conclusions about this group. In the first trimester, there is a
typical history. Embryonic development is normal. The uterus suddenly starts to contract and abortion
can ensue. Abortion may be fast, within half an hour,50 or may take longer. In this type of miscarriage,
we recommend testing for uterine anomalies and infections. In patients who are pregnant, and present
with a hematoma, empirical prophylactic antibiotics may have a place in preventing the hematoma from
becoming infected. In the case of an infection, uterine contractions rapidly follow with expulsion of the
uterine contents. Pelinescu-Onciul51 has reported that the orally active progestogen dydrogesterone is
effective in preventing retroplacental hematoma progressing to miscarriage.
In the case of second trimester losses of live fetuses, uterine anomalies, infections and possibly diabetes (which predisposes to infections), should be investigated. In the presence of contractions in the second trimester, tocolytic agents may be appropriate, and progestogens indicated to prevent contractions,
although progestogens are not usually effective after contractions have started. Again, the appropriate
trials to determine an optimal course of management have not been carried out.
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Unfortunately, many patients do not know the character of the miscarriage. They will only know
the character of the miscarriage if ultrasound has previously been performed in order to detect a fetal
heartbeat.

Mixed Pattern of Pregnancy Losses
In many cases, each pregnancy loss may have a different clinical presentation. For example, there may
be a blighted ova followed by an abortion of a live fetus in the second trimester, followed by a missed
abortion. These mixed patterns of pregnancy loss are relatively frequent in patients with three losses,
but rare in the patients with five or more losses. In the patients with a mixed pattern of pregnancy loss,
the cause is more likely to be due to chance, and the prognosis is good. Inclusion of these patients
in a trial of treatment may well confound the results, and raise the live birth rate of a control group
of patients. In the author’s opinion, they probably do not require active treatment. If included in any
research protocol, they should be considered as a separate group of patients.

Case Presentations
The following section illustrates certain difficult cases in order to show their different presentations and
the likely causes and methods of management.

Patient No. 1
The patient age 22, para 0, presented after six miscarriages between 8 and 9 weeks. No fetal heart
had ever been detected, except in the fourth pregnancy when a fetal heart was said to be present
at 6 weeks. However, the pregnancy showed no fetal shadow from 7 weeks onwards until curettage
was performed for a blighted ovum at 9 weeks. The fourth pregnancy was found to have a normal
46XX karyotype. The following features had been investigated and found to be normal: parental
karyotypes 46XX and 46XY. Lupus anticoagulant, anticardiolipin antibodies, and hereditary thrombophilias were normal. The hormone levels LH, FSH, and prolactin were normal. Mid luteal progesterone levels were 18 ng/mL. Thyroid function was normal. There was no diabetes. Hysteroscopy
showed a normal cavity. Anti-paternal complement dependent antibodies were negative. The third
pregnancy was treated with progesterone supplements. The fourth and fifth pregnancies were
treated with enoxaparin and aspirin on an empirical basis. The sixth pregnancy was untreated. The
patient was treated by paternal leucocyte immunization between the sixth and seventh pregnancies.
Immunizations were boosted until seroconversion occurred with the development of anti-paternal
complement dependent antibodies directed towards paternal HLA antigens. The seventh pregnancy
was uneventful. No additional medications were administered. The seventh pregnancy terminated in
the delivery of a female infant, 3580 g at 40 weeks. The eighth pregnancy was also a normal delivery. Paternal leucocyte immunization is not often used at present due to a widespread conviction that
it is ineffective. It is not recognized as a standard treatment by the FDA in the U.S. until another trial
is performed in the U.S. to show efficacy.

Patient No. 2
The patient, age 24, Para 0, presented after three miscarriages between 12 and 16 weeks. From the
history, it was apparent that these were abortions of live fetuses. Hysteroscopy showed a large and
thick septum that divided the uterus. The external contour of the uterus was shown to be normal on
laparoscopy. The septum was resected hysteroscopically until the fundus of the uterus. The fourth
pregnancy terminated as a blighted ovum at 8 weeks. Although a fourth miscarriage may sound
like a failure of treatment, this was not so, as the blighted ovum was found to be triploid. The fifth
pregnancy terminated as induced labor at 42 weeks, and the sixth pregnancy in spontaneous labor
at 40 weeks.
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Patient No. 3
The patient age 30, Para 1, a secondary aborter presented after three mid-trimester losses. The first
pregnancy terminated as an uncomplicated delivery of a female infant 4050 g. The second pregnancy
terminated as a fetal death at 17 weeks, and the third pregnancy as a fetal death at 19 weeks. Parental
karyotyping was normal. Glucose challenge tests and thyroid function were normal. Hysteroscopy
showed a normal uterine cavity. Thrombophilia testing showed the patient to be homozygous for the
MTHFR mutation.52,53 However, homocysteine levels were normal. The fourth and fifth pregnancies
were treated with enoxaparin 40 mg from detection of the fetal heartbeat. However, these pregnancies
terminated at 18 and 16 weeks, respectively, with intra-uterine fetal deaths. The sixth pregnancy was
treated with enoxaparin 80 mg daily. The pregnancy terminated as a cesarean section at 39 weeks. A
live male infant of 3240 g was delivered. Although the dose of 40 mg has been compared to 80 mg in a
large cohort of patients,54 both doses have been found to be equally effective. There may be individual
patients in whom the larger doses are required.

Patient No. 4
This patient, aged 38, was a secondary aborter with two live births followed by six miscarriages,
most of which were missed abortions in which a previous fetal heart was lost between 10 and 12
weeks. Investigation showed APCA to be positive. There was no APS, thrombophilia, or other cause
apparent for the miscarriages. The parental karyotype was 46XX and 46XY with a balanced translocation: t(14:13)(p11:q12). The subsequent pregnancy was a missed abortion at 10 weeks. Again, a
previously detected fetal heartbeat was lost. This pregnancy was found to be 46XY, -4, tder (4:13),
that is, monosomy 4. Instead of the second chromosome 4, there was a chromosome with a small
section of chromosome 4 and the translocated section of chromosome 13 and 14. In other words,
there was partial 4 monosomy, partial 13, and partial 14 trisomies. The patient has been advised to
have PGD or PGS if she desires another child. Meantime, the patient has decided to complete her
family with two children.

Patient No. 5
The patient aged 40, para 0 presented after four pregnancy losses. There had been ruptured membranes at 20 weeks, two intra-uterine fetal deaths at 20 weeks, accompanied by hypertension and gestational diabetes. The fourth pregnancy was a missed abortion at 14 weeks. These four pregnancies were
achieved from four cycles of zygote intra-fallopian transfer (ZIFT). There were no apparent explanations for the pregnancy losses. There was no aPL or hereditary thrombophilia. Hysteroscopy was normal. The parental karyotype was 46XX/46XY. The fifth pregnancy was achieved by the eighth cycle
of in vitro fertilization following 22 months of infertility. The fifth pregnancy was treated with aspirin
100 mg. however; the pregnancy was terminated artificially at 22 weeks for severe pre-eclampsia with
HELLP syndrome.
The patient was advised surrogacy. However, she conceived spontaneously while arranging for surrogacy. She was treated empirically with enoxaparin 40 mg daily and aspirin 100 mg. At 12 weeks,
nuchal translucency screening was normal. A Shirodkar suture was inserted at 13 weeks, due to the
previous ruptured membranes at 20 weeks. However, pre-eclampsia and gestational diabetes developed
at 18 weeks, followed by fetal demise. The patient has undergone surrogacy. The surrogate gestational
carrier has delivered a healthy male infant.

Patient No. 6
A patient, aged 33, presented with the following history: first pregnancy, “biochemical pregnancy”
βhCG level unknown. The second pregnancy was twins. One twin died at 18 weeks with a sacrococcygeal tumor, the second was delivered at 32 weeks with microcephalus. The third pregnancy was
a missed abortion at 10 weeks. A fetal heartbeat was previously present but was lost at 10 weeks.
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Fourth pregnancy: cesarean section. Male infant 3045 g. Fifth pregnancy: biochemical, βhCG = 600;
sixth pregnancy: biochemical pregnancy, βhCG = 1200; seventh pregnancy: biochemical pregnancy,
βhCG = 800; eighth pregnancy: biochemical pregnancy, βhCG = 866. This clinical picture may be outside the ASRM definition of recurrent pregnancy loss. However, she requires investigation and treatment. Investigation showed no aPL, thrombophilia, uterine anomaly, hormonal imbalance, or parental
chromosomal aberrations.

Conclusions
Recurrent pregnancy loss is not one homogeneous condition. Hence, there is no one protocol that is
applicable. The aim of the standard protocols is entirely laudable, to advise physicians with little experience of RPL as to the optimal methods of diagnosis and treatment. Hence, the standard protocols try
to guarantee that the patient receives effective treatment, and that ineffective treatment is not used.
However, the standard protocols listed above might have done more harm than good, as they treat recurrent pregnancy loss as one homogeneous group. Hence, their recommendations preclude the treatment
of subgroups of patients. The development of an optimal investigation protocol depends on reaching
an accurate diagnosis of cause and directing treatment to that diagnosis. Fetal karyotyping and embryoscopy hold out the possibility of more accurately diagnosing embryonic or fetal causes of pregnancy
loss. Treatments that have not been shown to be effective when tried on a large cohort of patients may
be found to be highly effective when only used on a subgroup of patients with an accurate diagnosis.
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41
A New Algorithm for Evaluation and Treatment
of Recurrent Pregnancy Loss
William H. Kutteh, Raymond W. Ke, and Paul R. Brezina

Introduction
Recurrent early pregnancy loss is a profound personal tragedy to couples seeking parenthood and a
formidable clinical challenge to their physician. Great strides have been made in characterizing the
incidence and diversity of this heterogeneous disorder. However, when to evaluate a couple and what
constitutes a complete evaluation is, at the time of the writing of this chapter, in a state of flux. The
American Society for Reproductive Medicine (ASRM) has recently released a committee opinion on
the evaluation and treatment of RPL.1 Although the traditional definition of recurrent pregnancy loss
(RPL) included those couples with three or more spontaneous, consecutive pregnancy losses, the ASRM
now defines RPL as “two or more failed clinical pregnancies.”1 Clinical pregnancy is defined as a
“pregnancy documented by ultrasonography or histopathological examination.” The definition has been
changed as several studies have indicated that the risk of recurrent miscarriage after two successive
losses is only slightly lower (24–29%) than that of women with three or more spontaneous abortions
(31–33%).2 Thus, evaluation and treatment can reasonably be started after two consecutive miscarriages,1,3 especially when the woman is older than 35 years of age, or when the couple has had difficulty
conceiving.4 Using this definition, RPL can be found in about 1–2% of reproductive aged women5 and a
definite cause of pregnancy loss can be established in over half of couples after a thorough evaluation3,6
and successful outcomes will occur in over two-thirds of all couples.3,7
We outline here a new proposed algorithm for the evaluation and treatment of RPL (Figure 41.1).
Under this new schema, no diagnostic/therapeutic action is recommended following one miscarriage,
as a single loss is usually a sporadic event. The overall risk of loss of a clinically recognized pregnancy
loss is 15%,2,8 but studies that evaluated the frequency of pregnancy loss, based on highly sensitive
tests for quantitative hCG, indicated that the total clinical and preclinical losses in women aged 20–30
is approximately 25%, while the loss rate in women aged 40 or more is at least double that figure.2,8
ASRM currently only recommends including clinical pregnancies, and makes no recommendations on
the nonclinical losses.
An evaluation of an RPL patient should always include a complete history, including documentation
of prior pregnancies, any pathologic tests that were performed on prior miscarriages, any evidence of
chronic or acute infections or diseases, any recent physical or emotional trauma, history of cramping or
bleeding with a previous miscarriage, any family history of pregnancy loss, and any previous gynecologic surgery or complicating factor. A summary of the diagnosis and management of recurrent pregnancy loss includes an investigation of genetic, endocrinologic, anatomic, immunologic, and iatrogenic,
causes (Table 41.1).
Chapter 40 outlines different types of RPL, and the management of couples with a high order of miscarriages and a poor prognosis. However, the majority of couples have two or three missed miscarriages in
the first trimester, and this algorithm refers to that majority of patients. In women with a high number of
miscarriages, recurrent aneuploidy or those who continue miscarrying despite treatment, modifications to
this algorithm may be necessary. It is interesting that the ASRM has lowered the number of miscarriages
in the definition of RPL in order to provide guidance for the great majority of patients, whereas the editor
of this book tries to concentrate on the much fewer number of patients with five or more miscarriages.
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Initial Evaluation for Early RPL
Miscarriage #1*
(no action unless clinically indicated)

2nd consecutive miscarriages*
or
3rd nonconsecutive miscarriages*
Aneuploid karyotype

Obtain fetal POC
karyotype

Unbalanced chromosomal
translocation or inversion

No further evaluation

Euploid karyotype

Repeat aneuploidy-PGS

RPL workup

Perform parental
karyotypes and offer
preimplantation genetic
diagnosis for future
pregnancy attempts

*Miscarriage is defined by the loss of a clinical pregnancy documented by ultrasonography or histopathological examination.

FIGURE 41.1 Initial evaluation for early recurrent pregnancy loss (RPL). This figure outlines an algorithm for the initial
evaluation of early RPL. Arrows are provided that guide the reader through various outcomes possible during the RPL
evaluation and appropriate “next steps” in diagnostic management.

TABLE 41.1
Diagnosis and Management of Recurrent Pregnancy Loss
Etiology

Diagnostic Evaluation

Genetic

Karyotype partners
Karyotype POC
Hysterosalpingogram
Hysteroscopy
Sonohysterography
Transvaginal 3D US
Midluteal progesterone
TSH
Prolactin
HgbA1c
Lupus anticoagulant
Antiphospholipid antibodies
Anti β2 glycoprotein
Interview
Tobacco, alcohol use, obesity
Exposure to toxins, chemicals

Anatomic

Endocrinologic

Immunologic

Psychologic
Iatrogenic

Therapy
Genetic counseling
Donor gametes, PGD
Septum transection
Myomectomy
Lysis of adhesions
Progesterone
Levothyroxine
Bromocriptine, Dostinex
Metformin
Heparin + aspirin
Heparin + aspirin
Heparin + aspirin
Support groups
Eliminate consumption
Eliminate exposure

Note: POC: products of conception; PGD: preimplantation genetic diagnosis; 3D US: threedimensional ultrasound: TSH: thyroid stimulating hormone.

Algorithm of Management
In our proposed algorithm for the evaluation and treatment of RPL, shown in Figure 41.1. Fetal karyotype is recommended after either the second consecutive or third nonconsecutive miscarriage. Products
of conception (POC) obtained from early nonviable pregnancies may be sent for traditional karyotype
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Workup for Early RPL
Euploid POC after ≥2 pregnancy losses
or
At least 2 consecutive miscarriages with no POC diagnosis
or
At least 3 nonconsecutive miscarriages with no POC diagnosis

Anatomic
evaluation
(e.g.: HSG, SHG)

Endocrinologic
evaluation
(e.g.: TSH, prolactin,
hemoglobin A1c)

Targeted
surgical
correction

Targeted
medical
correction

Add
progesterone
support to
future
pregnancies
until 10 weeks
gestation

Autoimmune
factors:
Antiphospholipid
lupus
anticoagulant
b2 Glycoprotein 1

Evaluation of lifestyle/
environment
(e.g.: caffeine, tobacco,
alcohol, environmental
exposures, obesity)

Start aspirin,
heparin, calcium,
and vitamin D
preconceptually
and continue
until delivery
(follow CBC)

Appropriate
alterations to
lifestyle,
nutrition, or
environment

Genetics:
Karyotype of
parents if no
POC
karyotype
obtained

Preimplantation
genetic testing if
appropriate and
desired: PGS/PGD

Not included in this decision tree are more controversial types of testing and therapies such as those dealing with
microbiologic factors, thrombophilic factors, immunotherapy, and other evaluations though these may be appropriate
in certain clinical situations.

FIGURE 41.2 Workup for early recurrent pregnancy loss (RPL). This figure outlines an algorithm for the full workup of
early RPL. Arrows are provided that guide the reader through various outcomes possible during the RPL evaluation and
appropriate “next steps” in diagnostic and therapeutic management. HSG: hysterosalpingogram; SHG: sonohysterogram;
TSH: thyroid stimulating hormone; aPL: antiphospholipid antibodies; LAC: lupus anticoagulant; β2GP1: β2 glycoprotein 1;
POC: products of conception; ASA: aspirin; PGS: preimplantation genetic screening; PGD: preimplantation genetic screening.

or, as we recommend, be sent for 23 chromosome pair microarray evaluation. POC obtained from
early nonviable pregnancies are sent for 23 chromosome pair microarray evaluation. The results of this
POC karyotype guide further evaluation (Figure 41.1). If the POC are found to be aneuploid, no further
evaluation or treatment is recommended at that juncture because the cause for the loss is known; however, all future early miscarriages should also be subject to karyotypic evaluation. Chromosomal testing
of the products of conception from a second miscarriage may confer a cost savings measure,9,10 as chromosomal testing may save the patient the expense, time, and effort of a full work up for maternal causes
of RPL. If repeat aneuploidy is found, preimplantation genetic screening (PGS) should be considered.
If an unbalanced chromosomal translocation or inversion is identified in the fetal POC, then the workup
would focus on performing parental karyotypes and offering appropriate therapeutic options such as
PGD. If the fetal POC are found to be chromosomally normal, then a full RPL workup for maternal
factors should be performed. If the fetal POC karyotypes have not been performed previously, then we
recommend a full RPL workup after at least two consecutive miscarriages (Figure 41.2).

Full Workup for Maternal Factors
All the maternal factors are fully discussed in other chapters of this book. The following shows what
we believe to be an appropriate workup for the patient with two or more early euploid miscarriages and
the literature to support their investigation. Although there may not be grade one evidence for all of
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the following features, and some may not have been recommended by ASRM or the other guidelines
summarized in the previous chapter, none has been assessed in euploid pregnancy loss, with the aneuploid losses excluded.

Anatomic Causes of RPL
The relevance of congenital and acquired uterine anomalies is summarized in Chapter 26.
The most common congenital abnormality associated with pregnancy loss is the septate uterus. The
spontaneous abortion rate is high, averaging about 65% of pregnancies in some studies.11 A septum was
found significantly more frequently in women with primary RPL than women with secondary RPL in
our recent study.12 Uncontrolled studies suggest that resection of the uterine septum results in higher
delivery rates than in women without treatment. Other congenital abnormalities, such as uterine didelphys, bicornuate, and unicornuate uterus are more frequently associated with later trimester losses or
preterm delivery.
Intrauterine cavity abnormalities, such as submucosal leiomyomas and polyps, can contribute to pregnancy loss. Until recently, it was felt that only submucous leiomyomas should be surgically removed
prior to subsequent attempts at pregnancy. However, several recent studies investigating the implantation rate in women undergoing in vitro fertilization (IVF) have clearly demonstrated decreased implantation with intramural leiomyomas in the range of 30 mm.13 When smaller leiomyomas are identified, it
is unclear if myomectomy is beneficial.14
At present, there is no prospective study evaluating the efficacy of uterine surgery. However, SugiuraOgasawara11 has reported a case control study of 1570 patients, with two or more miscarriages, where
uterine anomalies impacted on the progression of normal (euploid) pregnancies.
Cervical incompetence commonly causes pregnancy loss in the second, rather than first, trimester. It
may be associated with congenital uterine abnormalities such as septate or bicornuate uterus. Rarely,
it may be congenital following in utero exposure to diethylstilbestrol.15 It is postulated that most cases
occur as a result of surgical trauma to the cervix from conization, loop electrosurgical excision procedures, overdilaton of the cervix during pregnancy termination, or obstetric lacerations.16

Endocrinologic Causes of RPL
Endocrine factors may contribute to 8–12% of recurrent pregnancy loss. They are fully summarized in
Chapter 13. An endocrinologic evaluation is a critical component of the RPL workup.

Luteal Phase Deficiency
Luteal phase deficiency (LPD) is defined as an inability of the corpus luteum to secrete progesterone in
high enough amounts or for too short a duration. The preponderance of evidence suggests that LPD is
a preovulatory event most likely linked to an alteration in the preovulatory estrogen stimulation, which
may indicate poor oocyte quality and a poorly functioning corpus luteum.17,18 However, progesterone
levels are subject to large fluctuations because of pulsatile release of the LH hormone. Moreover, there
is a lack of correlation between serum levels of progesterone and endometrial histology.19 Additionally,
low levels of progesterone may reflect a pregnancy that is failing due to aneuploidy, or other embryonic
factors. Hence, the role of progesterone supplementation is debated in Chapters 14, 15 and 16 in this
book. However, a recent Cochrane review evaluating 15 trials concluded that there was a benefit to the
routine administration of progesterone to all women with a history of RPL.20

Untreated Hypothyroidism
We investigate thyroid function as hypothyroidism may increase the risk of miscarriage. A study of
over 700 patients with recurrent pregnancy loss identified 7.6% with hypothyroidism.21 It has also been
suggested that thyroid antibodies are elevated in women with recurrent pregnancy loss. A retrospective study of 700 patients with recurrent pregnancy loss demonstrated that 158 women had antithyroid
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antibodies but only 23 of those women had clinical hypothyroidism on the basis of an abnormal thyroid stimulating hormone (TSH) value.22 The presence of antithyroid antibodies may imply abnormal
T-cell function, and therefore, more of an immune dysfunction rather than an endocrine disorder may
be responsible for the pregnancy losses. The Endocrine Society recommends that patients with RPL be
treated to keep a TSH level of between 1.0 and 2.5 uIU/mL in the first trimester.23 For TSH levels found
to be between 2.5 and 10 mIU/mL, a starting levothyroxine dose of at least 50 μg/d is recommended.23
The role of thyroid autoimmunity and dysfunction are described in the chapters on endocrinology and
autoimmunity.

Abnormal Glucose Metabolism
Patients with poorly controlled diabetes are known to have an increased risk of spontaneous miscarriage, which is reduced to normal spontaneous loss rates when women are euglycemic preconceptually.24 Testing for fasting insulin and glucose is simple and treatment with insulin-sensitizing agents
can reduce the risk of recurrent miscarriage.25 More recently, determining the average load of blood
glucose through testing of hemoglobin A1C has become an increasingly utilized modality to evaluate
insulin resistance.1 Because there is strong evidence that obesity and/or insulin resistance are associated with an increased risk of miscarriage, weight reduction in obese women is a first step in the treatment. Metformin seems to improve pregnancy outcome, but the evidence for this treatment is limited
to a few cohort studies. Metformin is a category B medication in the first trimester of pregnancy and
appears to be safe. Other endocrine abnormalities, such as thyroid disorders and diabetes, should be
corrected prior to conception.

Hyperprolactinemia
Normal circulating levels of prolactin may play an important role in maintaining early pregnancy. Data
from animal studies suggest that elevated prolactin levels may adversely affect corpus luteal function;
however, this concept has not been proven in humans.26 A recent study of 64 hyperprolactinemic women
showed that bromocriptine therapy was associated with a higher rate of successful pregnancy and that
prolactin levels were significantly higher in women who miscarried.27

Diminished Ovarian Reserve
Follicle stimulating hormone (FSH) is thought to be a marker of the number of follicles available for
recruitment on any given menstrual cycle. Therefore, elevated levels of FSH in the early follicular phase
of the menstrual cycle are representative of diminished ovarian reserve. More recently, other markers, such as decreased anti-Müllerian hormone, have been introduced to identify diminished ovarian
reserve. Although the frequency of elevated day 3 FSH levels in women with recurrent miscarriage is
similar to the frequency in the infertile population, the prognosis of recurrent miscarriages is worsened
with increased day 3 FSH levels.28 Although no treatment is available, testing may be helpful in women
over the age of 35 with recurrent pregnancy loss, and appropriate counseling should follow.

Immune Factors as the Cause of RPL
In some instances, there is a failure in normal control mechanisms that prevent an immune reaction
against self, resulting in an autoimmune response.29 Autoantibodies to phospholipids, thyroid antigens,
nuclear antigens and others have been investigated as possible causes for pregnancy loss.21

Antiphospholipid Antibody Syndrome (APS)
APS and antiphospholipid (aPL) antibodies have been fully described in previous chapters. There
is still controversy concerning testing for phospholipids other than lupus anticoagulant, anti-beta 2
glycoprotein I antibodies, and anticardiolipin antibodies. However, an increasing number of studies
suggest that antibodies to phosphatidyl serine are also associated with pregnancy loss.30 Women with
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systemic lupus erythematosus and aPL have increased risks for miscarriage compared to those with
lupus and negative aPL.31
APS is treated with a combination of low dose heparin (5000–10,000 units subcutaneously every
12 hours) and low dose aspirin (81 mg PO daily) appears to be effective and may reduce pregnancy
loss by 54% in women with APS.32,33 Aspirin alone does not appear to reduce miscarriage rates.34
Unfractionated heparin is preferred to low molecular weight heparin (LMWH) based on available data.35
However, two small series from Japan36,37 have shown that abnormal antibodies do not guarantee
normal chromosomes, and that approximately 30% of pregnancy losses in APS may be due to fetal
aneuploidy. A placebo controlled trial is still required for patients with aPL and RPL in general, and for
women losing euploid embryos in particular.

Immunotherapy
We do not currently offer immunotherapy for alloimmune disorders. Although some randomized double
blinded studies have shown an increase with therapies, such as paternal leukocyte immunization, trophoblast immune infusion, intravenous intralipid therapy, and immunoglobulin infusion in successful
pregnancy outcomes, others have not confirmed these results. A Cochrane review of 19 trials of various
forms of immunotherapy did not show significant differences between treatment and control groups.38
However, therapy may be beneficial in subgroups of patients. The relevant subgroups are described in
the debates in Chapters 27, 28, 29, 30, and 31. Immunotherapy has not been assessed in patients losing
euploid embryos.

Microbiologic Factors as a Cause of RPL
Certain infectious agents have been identified more frequently in cultures from women who have had
spontaneous pregnancy losses.39 These include Ureaplasma urealyticum, Mycoplasma hominis, and
chlamydia. Other less frequent pathogens include toxoplasma gondi, rubella, HSV, measles, cytomegalovirus, coxsackievirus, and Listeria monocytogenes. It is important to be aware that none of these
pathogens has been causally linked to RPL. Because of the association with sporadic pregnancy losses
and the ease of diagnosis, some clinicians will test women with RPL and treat for the appropriate pathogen in both parents. The role of infective agents is fully described in Chapter 33.

Hereditary Thrombophilias
Thrombophilias are thought to be responsible for more than half of maternal venous thromboembolisms
in pregnancy; however, ACOG recommends that only patients with a personal or family history of
thromboembolic events should be tested.40 The role of thrombophilias is described in Chapter 22, and
the value of thromboprophylaxis debated in Chapters 23 and 24.

Genetic Factors as the Cause of RPL
There are a variety of genetic factors that may result in failure of a pregnancy to develop. These are
described in Chapter 3. Broadly, genetic factors may be divided into embryonic x chromosomal aberrations derived from known parental chromosomal abnormalities and embryonic errors that arise de novo
in apparently chromosomally normal parents.

Parental Chromosomal Disorders
If no fetal POC are available and the couple has a history of at least two consecutive or three nonconsecutive fetal losses, we recommend obtaining parental karyotypes. Parental chromosome anomalies
occur in 3–5% of couples with RPL as opposed to 0.7% in the general population. This increased
prevalence justifies investigating the parents. These chromosomal aberrations in the parents include
translocations, inversions, and the relatively rare, ring chromosomes. Studies indicate that when the
Robertsonian translocation is maternal, there is a greater risk that the fetus will exhibit an unbalanced

A New Algorithm for Evaluation and Treatment of Recurrent Pregnancy Loss

395

phenotype.41 Balanced reciprocal translocations are thought to directly contribute to both infertility and
recurrent pregnancy loss (RPL).42,43 However, Carp et al.44 have karyotyped the abortus in patients with
parental chromosomal aberrations and RPL. The subsequent live birth rate is as would be expected for
women with RPL and no chromosomal aberrations. The aberrant chromosome was only found in 13%
of subsequent miscarriages.45

Embryonic Aneuploidy and Recurrent Aneuploidy
The overall frequency of chromosome abnormalities in sporadic spontaneous abortions is at least
50%.46–50 Of these abnormalities, most are numerical: 52% are trisomies, 29% are monosomy 45,X,
16% are triploidies, 6% are tetraploidies, and 4% are structural rearrangements.51 The vast majority
of embryonic aneuploidies are thought to result from maternal meiotic nondisjunction during oocyte
development, although abnormalities arising from the sperm component are possible..
There is significant debate in the professional community as to how prevalent aneuploidy is among
RPL embryos. Emerging data suggest that RPL patients may have lower rates of embryonic aneuploidy
in first trimester miscarriages as compared to all women. For example, a study evaluating 4873 embryos
via single nucleotide polymorphism (SNP) microarray showed the rate of aneuploidy found using trophectoderm biopsy at the blastocyst stage in RPL was significantly lower (32%) than the rate of aneuploidy found with cleavage stage biopsy (61%).52 Additionally, the incidence of embryonic aneuploidy
decreases with increasing numbers of misdcarriages.37 However, other data from small studies suggest
that the rate of aneuploidy in embryos in RPL is higher than 65%.53,54 Therefore, the true rate of embryonic aneuploidy in couples with a diagnosis of RPL is currently a topic of great debate.
Evidence suggests that some couples are at risk for recurrent aneuploidy. Empirically, the birth of a
trisomic infant places a woman at an approximately 1% increased risk for a subsequent trisomic conceptus.55. Germline mosaicism has been reported in recurrent cases of Down syndrome and may also
be responsible for recurrent aneuploidy in some couples.56 In RPL, repeat fetal aneuploidy has been
shown in three of 30 patients in Sullivan et al.’s57 series and eight of 43 patients in Carp et al.’s58 series.

Preimplantation Genetic Testing
The role of PGS and PGD in RPL is hotly debated in Chapters 6 and 7. We feel that PGD for structural
aberrations such as translocations and inversions is justified. In contrast, PGS is far more controversial.
A 2007 publication in the New England Journal of Medicine by Mastenbroek et al. showed no benefit
to PGS.59 This was followed by major medical societies discouraging the routine use of PGS.60 Since
this time, newer technologies, such as microarrays, have been introduced that are capable of evaluating
the ploidy status of all 23 pairs of chromosomes instead of the 9–14 pairs of chromosomes evaluated
with older fluorescence in situ hybridization (FISH) technologies.61 Additionally, performing embryo
biopsy at the blastocyst, as opposed to the cleavage stage, seems to confer superior pregnancy rates.62,63
Recent data evaluating pregnancy rates in RPL patients using 23 chromosome microarrays are
encouraging.52,64 PGS as a treatment modality is currently widely utilized. Of 27,630 PGT IVF cycles
reported over the past 10 years to the ESHRE PGD Consortium, collecting data from around the globe,
61% (n = 16,806) were performed for PGS.61 Despite this high rate of utilization, there are no series
reporting live birth rates or miscarriage rates in RPL specifically. Pregnancy rates are not a valid measurement in patients who conceive easily spontaneously. Large and well-conducted randomized controlled trials are necessary to firmly establish the efficacy of PGS and define which patient populations
may benefit from these technologies. Furthermore, PGS is far from a full proof technology in determining the ploidy status of an embryo. Embryo mosaicism has been shown to be as high as 50% in cleavage
stage embryos and as high as 10% in blastocysts.65,66 Therefore, the cell taken at the time of embryo
biopsy may not always be representative of the genetic composition of the embryo. Furthermore, technical limitations, such as failure to successfully amplify genomic DNA, genomic contamination, and the
possibility for human error may be another source of diagnostic error. It is vital that providers explain
to patients contemplating utilizing preimplantation genetic testing the risks, benefits, and alternatives of
the technology in detail. PGS may be a viable option for couples with recurrent embryo aneuploidy and
may reduce the incidence of future miscarriage.
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Lifestyle Issues and Environmental Toxins
Couples experiencing recurrent pregnancy losses are often concerned those toxins within the environment may have contributed to their reproductive difficulty. It is important that health care providers,
counseling patients about exposures to substances in the environment, have current and accurate information in order to respond to these concerns.

Cigarette Smoking
Cigarette smoking reduces fertility and increases the rate of spontaneous abortion. The data evaluating
smoking and miscarriage are extensive and involve approximately 100,000 subjects. The studies suggest
a clinically significant detrimental effect of cigarette smoking that is dose dependent, with a relative risk
for miscarriage among moderate smokers (10–20 cigarettes a day) being 1.1–1.3.67 Patients should be
actively counseled to stop cigarette smoking prior to attempting pregnancy, and given adequate support
to assist them in this task.

Alcohol Consumption
Alcohol consumption is associated with a risk of spontaneous abortion.68 The minimum threshold dose
for significantly increasing the risk of first trimester miscarriage appears to be two or more alcoholic
drinks per week.68,69 However, there is little evidence concerning recurrent miscarriage. When personal
habits, cigarette smoking, and alcohol are utilized in the same individual, the risk of pregnancy loss
may increase 4-fold. Couples should be counseled concerning these habits and strongly encouraged to
discontinue these prior to attempting subsequent conception.70

Obesity
Obesity, defined as a body mass index over 30 has been shown to be an independent risk factor for first
trimester miscarriage.71 The association is strongest in women with BMI >40. The etiology of this phenomenon is unclear. However, many studies have linked obesity to a generalized increase in systemic
inflammatory responses.72 Patients should be actively encouraged to lose weight; however, the physician
should be aware how difficult a task weight loss may be.

Caffeine Intake
Several studies have shown that caffeine in excess of 300 mg/day (three cups of coffee per day) is associated with a modest increase in spontaneous abortion, but it is not clear if this relationship is causal.73

Ionizing Radiation
The studies of atomic bomb survivors in Japan showed that in utero exposure to high-dose radiation
increased the risk of spontaneous abortions, premature deliveries, and stillbirths.74 Diagnostic x-rays in
the first trimester delivering less than 5 rads are not teratogenic.75 Large doses (360–500 rads) used in
therapeutic radiation, however, induce abortion in offspring exposed in utero in the majority of cases.
Adverse effects of chronic low-dose radiation on reproduction have not been identified in humans.76

Outcome
The treatment of RPL should be directed at the cause. Given the good outcome for most couples with
unexplained recurrent miscarriage in the absence of treatment, it is difficult to recommend unproven
therapies, especially if they are invasive and expensive. Explanation and appropriate emotional support
are possibly the two most important aspects of therapy. However, this rule may not hold for patients with
a poor prognosis or specific forms of pregnancy loss.
In approximately half of all cases of recurrent pregnancy loss, a complete evaluation will reveal a
possible etiology. Abnormal findings during the evaluation should be corrected prior to attempting any
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subsequent pregnancy. If no cause can be found, the majority of couples will eventually have a successful pregnancy outcome with supportive therapy alone.77 Once a pregnancy occurs, the patient should
be monitored closely with evaluation of quantitative hCG levels at least twice and documentation of
adequate progesterone levels. Early sonography should be scheduled and any encouraging results should
be communicated to the couple. In women with a history of RPL, the presence of a normal embryonic
heart rate between 6 and 8 gestational weeks that is confirmed with repeat sonography in one week is
associated with a live birth rate of 82%.78 Any subsequent failed pregnancies should have genetic testing
on the POC. When aneuploidy is found, this can be reassuring to both the physician and patient that this
loss was not due to a treatment failure or any patient activity.
A recent study evaluating 987 women with RPL found that the chances of achieving a live birth within
5 years of initial physician consultation was in excess of 80% for women under the age of 30 and approximately 60–70% for women ages 31–40.7 However, the 20% of patients who do not conceive within 5
years and the 30–40% of women over the age of 31 also require our support and adequate treatment.
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Introduction
A higher frequency of spontaneous miscarriage has been reported among infertile couples, as well as
a higher prevalence of infertility among patients with recurrent spontaneous miscarriages, compared
with the general population.1,2 The risk of recurrent spontaneous miscarriage is much higher in patients
with previous losses, being 17–25% after two consecutive losses and between 25% and 46% after three
consecutive losses,3 the risk of miscarriage increasing with age.4
Recently, assisted reproductive techniques (ART) have been used to prevent further miscarriages in
women with recurrent miscarriage using either (i) screening or diagnosis of embryonic chromosomes
prior to embryo replacement (preimplantation genetic screening [PGS]/preimplantation genetic diagnosis [PGD]) or (ii) surrogacy. While PGS/PGD assumes that the embryo is chromosomally abnormal, and that the mother should receive a chromosomally normal embryo, surrogacy assumes that the
embryo is normal and that the maternal environment needs to be substituted.5 In this chapter, we aim to
highlight the role of third party reproduction as a treatment option for recurrent pregnancy loss (RPL).

Causes of RPL
Embryonic Causes
Aneuploidy in the embryo is the most common fetal cause of recurrent miscarriage, with the overall
incidence being approximately 40%.6 However, aging gametes is another cause. Aging gametes in the
female genital tract before fertilization, maternal age, and the number of previous miscarriages are
independent risk factors for a further miscarriage. A higher incidence of small amniotic sac syndrome
and euploid miscarriages has been reported in infertility patients older than 35 years, the risk of miscarriage being highest among couples where the woman is ≥35 years of age and the man ≥40 years of
age.1 Patients >40 years, undergoing in vitro fertilization (IVF) have also presented a 29% spontaneous
miscarriage following ultrasound evidence of a fetal heart beat.7

Parental Causes
The maternal causes of recurrent pregnancy loss are described in other chapters. In addition, the sperm
from men with a history of idiopathic RPL have a higher percentage of DNA damage with a sperm
DNA fragmentation index (DFI) of approximately 26% in male partners of couples experiencing idiopathic RPL. Men with a higher DFI are infertile, whereas men with lower DFI (26%) can enable conception but with resultant RPL.8 Environmental factors, such as occupational and chemical exposure,
stress, alcohol, and radiation have also been reported to be associated with an increased risk of recurrent
miscarriages.4
Evaluation of defects in endometrial receptivity with native techniques based on endocrine parameters and new techniques based on microRNAs, proteomics, and epigenetics may help to unravel the
401

402

Recurrent Pregnancy Loss

maternal causes of RPL.9 Pregnancies obtained after IVF and embryo transfer (IVF-ET) are at increased
risk for an adverse outcome compared with natural pregnancies. Special investigations in ART include
evaluation for inhibin-A, day 11 total beta-hCG, CA-125, PGS/PGD, and aneuploidy testing.10 PGD for
aneuploidy screening (PGD-AS) post-fertilization by ART techniques in selected groups of patients
may help to detect and, possibly, eliminate the majority of chromosomally abnormal embryos, thereby
increasing the chance of a healthy pregnancy.11
Standard semen parameters are poor predictors of fertility potential. Owing to the role of sperm factors in early embryonic development, and evidence of a high DFI in patients with a RPL, evaluation
of sperm DNA integrity in idiopathic RPL is a useful diagnostic and prognostic marker with clinical
implications.8 However, even after exhaustive investigation using the most modern techniques, the cause
of RPL often remains elusive.

Therapy
PGD-A Fool Proof Technique?
PGS or PGD may be indicated in women with repeated fetal aneuploidy or in the older patient.5 By
screening embryos for structural and numerical chromosomal abnormalities and selecting only normal
embryos for transfer, PGS was envisioned and applied as a therapeutic tool for improving implantation
and live birth rates from IVF and providing a means of attenuating pregnancy loss in recurrent pregnancy
loss patients.12 Chapters 6 and 7 debate the role of PGS in RPL. The inevitable threat of misuse of PGS
for nondisease traits makes it is essential to select the application of PGS depending on the likelihood
of an embryonic chromosome aberration. Preprocedure counseling is an integral part of the practice.5

Third Party Reproduction for RPL
Third party reproduction (TPR) involves the use of donor gametes (sperm or oocytes), embryos or surrogates by couples who may not be able to conceive with their own gametes or gestate a fetus, respectively.13 Third party reproduction may be classified as
1. Sperm donation. The third party is a sperm donor, who provides sperm that can be used for
insemination of the future mother or to fertilize an oocyte IVF with the transfer of the resulting embryo into the mother or a surrogate mother.
2. Oocyte donation. The third party is an oocyte donor, who donates oocytes for IVF with the
transfer of the resulting embryo into the mother or a surrogate mother.
3. Embryo donation. The third party is an embryo donor, donating surplus embryos for use by a
couple in need or a commissioned surrogate after the woman for whom they were originally
created has successfully carried one or more pregnancies to term, or embryos specifically created for donation using donor eggs and donor sperm.
4. Surrogacy. The third party is a surrogate woman, used to carry a baby through pregnancy to
term for a woman incapable of doing so.13

Sperm Donation for Recurrent Pregnancy Loss
Indications
Sperm donation may be indicated in severe male factor infertility due to: (i) a high risk of fertilization
failure or two previous fertilization failures with conventional IVF. (ii) Semen parameters below the
threshold for standard IVF treatment, for example, oligoasthenoteratozoospermia (OAT), severely oligozoospermic and teratozoospermic men (strict normal sperm morphology ≤5%) with a very high (>70%)
frequency of defective sperm-ZP interaction and hence, a high risk of a low or zero fertilization rate
in IVF. Severely impaired spermatogenesis (nonobstructive azoospermia), severe oligozoospermia and
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OAT often have a genetic origin that necessitates sperm donation.14 (iii) The absence of acrosomes or
the presence of immotile spermatozoa. (iv) Genetic disorders such as Klinefelter’s syndrome 47, XXY.
(v) Sperm autoimmunity (high titers of antisperm antibodies/sperm-bound antibodies that interfere with
gamete interaction).14 (vi) When PGD is indicated in pregnancies that are at high risk of aneuploidy
because of genetic factors associated with azoospermia, to avoid contamination by extraneous DNA in
the case of PCR-based testing and to increase the number of embryos available for testing.14

Role of Sperm Donation
These factors usually present as infertility rather than RPL. However, if patients with RPL present with
the above criteria, sperm donation may be indicated. Additionally, if DNA analyses from men with
a history of RPL have a high percentage of DNA damage with a sperm DFI of 26% or above, sperm
donation may be indicated. The question arises whether sperm donation is indicated in idiopathic RPL.
In couples with a good prognosis, sperm donation is not indicated. The literature differs with regard
to sperm aneuploidy. No increased incidence of aneuploidy or structural anomalies was found in the
sperm of men whose partners had RPL above the level seen in normally fertile men.15 Additionally,
Carp et al.16 have reported 99 parental chromosomal aberrations in RM, 55 maternal, 43 paternal, and
one in both partners. However, Rubio et al.17 analyzed 12 sperm samples from IVF couples with two
or more miscarriages. Diploidy and disomy were assessed for chromosomes 13, 18, 21, X, and Y using
fluorescence in situ hybridization. Sex chromosome disomy from RM significantly increased compared
to controls (0.84% vs. 0.37%). Additionally, increases in disomy have been related to increased aneuploidy in the offspring.18 The editor has described that in the Tel Hashomer registry, there were 62 cases
of a change in the male partners of 1925 patients, 22 had three partners and one had five partners. In
these cases, a change of the male partner had not alleviated the problem of RPL. Therefore, sperm donation should probably be limited to the indications above. Additionally, there is no series in literature on
sperm donation in RPL.

Oocyte Donation
Indications
Oocyte donation may be indicated in: (i) carriers of genetic disorders, for example, 46, XY pure
gonadal dysgenesis, Turner’s syndrome (45, XO); (ii) repeated IVF failure with autologous oocytes; (iii)
advanced maternal age; (iv) contraindications for spontaneous or induced ovulation, such as those with
von Willebrand’s disease.19 Of these, advanced maternal age is the major indication in RPL.

Experience with Oocyte Donation for RPL
Simón et al.20 reported that in 92 cycles of ovum donation, there were 64 implantations, 30 (32.6%) viable
pregnancies, and 34 (37.0%) miscarriages. In Remohi et al.’s series, ovum donation was performed in
eight RPL couples, in which the woman was a low responder to gonadotropins. Twelve cycles were performed. There was a 75% pregnancy rate and a delivery rate of 66.6%. The miscarriage rate was 11.1%
per cycle. The authors suggested that the oocyte may be the origin of infertility in women with idiopathic recurrent miscarriages.21 In their study, patients were down regulated with gonadotropin-releasing
hormone analogs and supplemented with estradiol valerate for a minimum of 15 days until fertilized
embryos from donor oocytes were transferred in IVF. Then, progesterone was added until day 100 of
pregnancy. The results of oocyte donation compared favorably with low responders without a history of
recurrent abortion undergoing this treatment during the study period. However, the live birth rates need
to be compared to the spontaneous live birth rates for the patient’s age and number of miscarriages.21

Issues with Oocyte Donation
Although oocyte donation is a successful option for achieving conception in these patients, the high risk
of complications associated with pregnancies thus obtained, especially in women with genetic disorders
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and advanced maternal age, makes strict criteria for the selection of such patients and rigid protocols for
the medical management of such pregnancies an absolute requirement.19 For instance, although patients
with Turner’s syndrome may achieve high pregnancy rates, comparable to those observed in patients
with other indications requiring oocyte donation, high miscarriage rates, potentially severe cardiovascular complications during pregnancy and early implantation failure often ensue. These complications
may possibly be associated with a deficiency of X-linked genes regulating endometrial receptivity, and
a subsequent high rate of cesarean section is commonly observed.19
Third party reproduction through oocyte donation is a long and labor intensive process with a significant amount of emotional, financial and physical involvement from all parties.22 In order to ensure
safety and success of the procedure, all the participants must be extensively screened medically and
psychologically and a detailed understanding of the process by all parties involved should be achieved.23
A written informed consent should be obtained from donors and recipients prior to commencing the
program.

Embryo Donation
Indications
Embryo donation may be medically indicated in couples where both sperm and oocyte donation is
mandatory to achieve a normal conception as in unexplained genetic disease and failure of ART due
to poor fertilization or poor embryo quality. The embryos may be obtained from couples consenting to
donate surplus embryos following self-use or specifically created by using a chosen sperm and oocyte
donor.13 Embryo donation may be offered as a viable treatment option in the event that all embryos are
chromosomally abnormal following IVF-PGD/PGS. If pregnancies are miscarried despite the transfer
of genetically normal embryos following IVF-PGD/PGS, there may be a role for embryo donation, but
only if all the therapies for maternal causes of RPL have been exhausted.

Issues with Embryo Donation
Creation of embryos for therapy might fully be justified; however, wastage of surplus embryos, not
intentionally created for future use, donation or research triggers ethical, legal, and moral issues that
boil down to the moral status of the embryo. The main ethical issues concern the effect on offspring,
consent and counseling of donors and recipients, avoidance of mixing embryos or gametes from different sources, and payment of donor expenses. The main legal issues concern whether embryo donation is
viewed as gamete donation or adoption, the rearing rights and duties of donors and recipients in resulting offspring, liability, compensation issues, and the legality of monetary compensation for donors.24

Surrogacy
Surrogacy is a reproductive technology involving one woman (surrogate mother) carrying a child for
another person(s) (commissioning person/couple), based on a mutual agreement requiring the child to be
legally relinquished to the intended parent(s) or the commissioning couple/person following birth.23 IVF
allows the creation of embryos from the gametes of the commissioning couple and subsequent transfer
of these embryos to the uterus of a surrogate host. Clinical pregnancy rates achieved in large series are
up to 40% per transfer and series have reported live births in 60% of hosts.25

Indications
Apart from its indications in patients with congenital (Mayer–Rokitansky–Kuster–Hauser syndrome)
or surgical absence of the uterus (hysterectomy) and various gynecological cancers, surrogacy may
be offered as a treatment option in women with repeated IVF failure, high-order unexplained habitual
abortions with a maternal cause, severe medical conditions, such as severe heart or renal disease, in
which pregnancy is contraindicated or life-threatening, or following treatment for numerous oncological
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and nononcological conditions that result in uterine damage and poor reproductive outcomes.23 Maternal
causes of RPL that may benefit from surrogacy as a treatment option include autoimmune causes,
anatomical uterine defects or Mullerian fusion defects following failed surgical correction and/or
repeated miscarriage, advanced maternal age, and endocrine disorders that fail medical treatment.
Oncological treatment for gynecologic cancers results in a reduction in the size of the uterus or possible
damage of the uterine vasculature leading to decreased feto-placental blood flow. This may increase
the risk for pregnancy-related complications, including spontaneous miscarriages, preterm labor and
delivery, low birth weight infants, and placental abnormalities, and render these women unable to gestate, leaving surrogacy as the only option.26 Surrogacy assumes that the embryo is normal and that the
maternal environment needs to be substituted.5

Types of Surrogacy
Surrogacy may be of two types: (i) traditional surrogacy, where the surrogate or birth mother is also the
oocyte donor, and hence, the genetic mother, and the intended father is the genetic father; pregnancy
may be achieved by artificially inseminating the surrogate with the intended father’s sperm; and (ii)
gestational carrier surrogacy involving IVF, where the gametes from the intended parents or commissioning couple (the couple requesting surrogacy) are fertilized in vitro and the embryo transferred into
the gestational carrier surrogate, who only “rents” the womb. In other words, the surrogate is not genetically linked to the child in any way. The child is legally adopted by the commissioning couple following
delivery. While traditional surrogacy disables the genetic link between the intended mother and the
child, gestational carrier surrogacy retains the genetic link with the offspring, retaining the surrogate
as only the birth or gestational mother, unless the intended couple requires gamete donation or embryo
donation.13 Gestational carrier or IVF surrogacy, the most acceptable form of surrogacy practiced today,
in contrast to traditional surrogacy, is largely complication-free without major ethical or legal complications with satisfactory treatment results and reassuring early results of the follow-up of children, commissioning couples and surrogates.25
In addition to the classification of surrogacy by parental roles, surrogacy can also be classified by
financial compensation as (i) altruistic surrogacy that does not financially compensate the surrogate for
her role apart from fees and costs associated with bringing an embryo to term and (ii) commercial surrogacy, which financially compensates a surrogate beyond expenses associated with the pregnancy, that
is, the surrogate is paid for her gestational “services.” Altruistic surrogacy is the most common among
family members or close friends where the decision to be a surrogate stems from a willingness to help.27

Issues with Surrogacy
Surrogacy is, however, often beset with legal, social, ethical, and psychological complications. Some of
the most significant problems that could result from improper surrogacy arrangements are: (i) failure to
relinquish the baby immediately after birth; (ii) separation of a commissioning couple prior to treatment
initiation; (iii) withdrawal of a patient from treatment following initial counseling of the implications of
the treatment; (iv) poor response to follicular stimulation, particularly after Wertheim hysterectomy;28
and (v) the possibility of the birth of a handicapped or genetically affected child and fear of rejection.29
Hence, all the parties (commissioning couple, surrogate, and the gamete or embryo donor and recipients
when employed) involved in a surrogacy arrangement should be bound by a surrogacy contract and thoroughly counselled on all the medical, legal, financial, ethical, and psychological aspects and risks and
implications of the treatment. The implications of multiple pregnancy and the possibility that the surrogate host may spontaneously abort a pregnancy should be discussed with the commissioning couple
prior to commencing the program. A written informed consent should be obtained from all third party
participants.23 Consents built upon effective lines of communication between clinical staff and legal
counsel, assuring that parentage, relinquishment and recontact information in donor–recipient agreements are consistent with clinic consent documents, and desires of both parties are mandatory programs
in all gamete donation. All decisions must be adequately documented and honored and long-term counseling needs should be addressed.30 Prior to embarking on a surrogacy program, commissioning couples
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or alternatively, gamete donors, when employed, should be screened thoroughly to ensure that they do
not transfer infection or a genetic disease to the offspring. Surrogates should likewise be screened and
deemed physically, medically and psychologically fit to undertake the responsibility of carrying the
pregnancy to term. The British Medical Association has adequately detailed issues for discussion with
the commissioning couple and surrogate prior to signing a surrogacy contract.22
The guidelines for surrogacy, laid down by the “Guidelines for Accreditation, Supervision and
Regulation of Art Clinics in India” include: (i) a child born through surrogacy must be adopted by the
genetic (biological) parents unless they can establish through genetic (DNA) fingerprinting (of which
the records will be maintained in the clinic) that the child is theirs; (ii) surrogacy by assisted conception should normally be considered only for patients for whom it would be physically or medically
impossible/undesirable to carry a baby to term; (iii) payments to surrogate mothers should cover all
genuine expenses associated with the pregnancy. Documentary evidence of the financial arrangement
for surrogacy must be available. The ART center should not be involved in this monetary aspect; (iv) a
surrogate mother should not be over 45 years of age. Before accepting a woman as a possible surrogate
for a particular couple’s child, the ART clinic must ensure (and put on record) that the woman satisfies
all the testable criteria to go through a successful full-term pregnancy; (v) a relative, a known person,
as well as a person unknown to the couple may act as a surrogate mother for the couple. In the case of
a relative acting as a surrogate, the relative should belong to the same generation as the woman desiring
the surrogate; (vi) a prospective surrogate mother must be tested for HIV and shown to be seronegative
for this virus just before embryo transfer. She must also provide a written certificate that (a) she has
not had a drug intravenously administered into her through a shared syringe; (b) she has not undergone
blood transfusion; and (c) she and her husband (to the best of her/his knowledge) has had no extramarital
relationship in the last 6 months. (This is to ensure that the person would not develop symptoms of HIV
infection during the period of surrogacy.) The prospective surrogate mother must also declare that she
will not use drugs intravenously, and not undergo blood transfusion excepting of blood obtained through
a certified blood bank; and (vii) no woman may act as a surrogate more than thrice in her lifetime.31
Moreover, different interpretations of surrogacy in the various countries, based on their definition,
application, social, religious and legal influences has complicated matters further, extending the practice across political borders and beyond judicial limits23 necessitating a complete appraisal of the law of
the land to protect all parties concerned and especially, the offspring to be.

Experience with Surrogacy for RPL
In 8 years’ experience of an IVF surrogate gestational program, Raziel et al.32 reported 33% and 12%
pregnancy rates per patient and per transfer, respectively, in patients with IVF implantation failure,
habitual abortions, and deteriorating maternal diseases, compared to 70% and 20%, respectively, in
patients with Rokitansky syndrome and post-hysterectomy. The authors concluded that the existence
or absence of the uterus in the commissioning mothers is irrelevant for their IVF performance and
conception rates. In patients who conceived after more than three IVF cycles, an additional “oocyte factor” might be present.32 Raziel et al.33 reported a normal live birth in a patient with 24 prior pregnancy
losses. The editor has advised surrogacy (unpublished) in a secondary aborter with 12 miscarriages, one
primary aborter with six miscarriages and triplets of 25 weeks who died from prematurity, and a primary aborter with eight missed abortions including two euploid abortions, who continued miscarrying
despite immunoglobulin therapy. In all three cases, the surrogate carrier delivered normal twins. The
logic of surrogacy in patients with large numbers of miscarriages is due to the poor prognosis and low
incidence of chromosomal aberrations.

Conclusion
Recurrent pregnancy loss is a frustrating and debilitating experience that leaves patients despairing and
emotionally drained. Third party reproduction has a definite role to play in patents with a poor prognosis. Repeat aneuploidy following IVF-PGD/PGS may be an indication for third party reproduction with
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embryo donation if the maternal environment is supportive, or alternatively, surrogacy in patients with
a maternal cause for recurrent miscarriage, such as a severe autoimmune disorder, which is resistant to
treatment, and carrying a pregnancy is contraindicated. Oocyte donation may be offered as a treatment
option in patients with exclusively maternal X-linked disorders without a related sperm chromosomal
abnormality, advanced maternal age, and repeated failure with autologous oocytes, bearing in mind the
future prognosis of the pregnancy, while sperm donation may an option in couples where the male partner has a sperm chromosomal abnormality. In balanced parental chromosome aberrations, it is uncertain which treatment mode is indicated.5 However, ART with PGD/PGS or surrogacy may have a place
only in those patients with a poor prognosis in whom ART will be shown to improve the subsequent live
birth rate above the spontaneous rate.5
Individualizing the recurrence risk and building on an evidence-based approach in management and
counselling should be the recommended clinical practice.3 However, to date, there are no evidence-based
trials. The patients who are selected for third party reproductive techniques are usually highly selected,
and small in number. Hence, it has been impossible to devise a controlled trial of treatment.
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“Slippery Fetus”: Recurrent Pregnancy
Loss in Traditional Chinese Medicine
Aviv Messinger and Keren Sela

Introduction
Chinese medicine has a long history of gynecological references, dating back 2500 years. In the numerous
canonical books, women’s disorders have always received special attention in separate chapters dealing
with specific diagnostic tools and treatment protocols using acupuncture and Chinese herbs to address
common gynecological disorders. The clinical experience that evolved through the years and documented
thoroughly in books, medical articles and passed on in clinics from Masters to disciples is the base upon
which contemporary integrative Chinese medicine is now practiced. Throughout the decades and today,
Chinese medicine in South East Asia is still the primary means of treatment for women’s disorders.
In recent years, Chinese medicine has become popular in Western nations, leading to a novel
approach, integrating the traditional knowledge and experience of the East with the research and technological advances of the West.
Chinese diagnosis is based on pattern discrimination formulated through clinical symptom and sign
analysis. Diagnosis includes a thorough anamnesis encompassing the major complaint as well as a
comprehensive and detailed inquiry of major systems such as digestive, urogenital, respiratory, cardio
vascular, musculoskeletal, and more. Nutrition, stress management, sleep, physical exercise, and other
health related factors are addressed as well. As cited in the article “Epidemiology of RPL” by Ole B
Christiansen in the beginning of this book, factors such as obesity, overwork, stress, high consumption
of alcohol or caffeine, frequent use of NSAIDS, infertility, and assistant reproductive techniques may be
risk factors for recurrent pregnancy loss (RPL). Chinese medicine addresses these life habits.
In addition, a basic physical examination including pulse and tongue diagnosis and palpation are
conducted. Together, all these lead the practitioner to formulate the basic patterns of disharmony and
the treatment strategies.
The issue of recurrent pregnancy loss is described in all Chinese texts dealing with pregnancy disorders. Sun Si Miao—the famous Tang dynasty medical doctor—dedicated a chapter titled “Stirring
Fetus and Repeated Miscarriages” in what is considered the first encyclopedic medical text dated to the
seventh century AD.1 In it, he describes six different herbal remedies given for habitual miscarriage,
according to the specific symptoms and signs.
Fu Qing Zhu, a Qing dynasty practitioner, wrote the most important premodern gynecological text
in which a chapter titled “small birth” describes five possible ethnologies for miscarriage and suggests
appropriate treatment.2
Chinese medicine uses unique terminology to describe physiology and pathology. There is great
emphasis on the interrelationship between different internal organs and functions. A healthy reproductive system relies on the optimal function of all other bodily systems. It is not uncommon to address
gynecological disorders through treatment of digestive, cardiovascular, or mental emotional factors.
In this review, we will characterize the different Chinese syndromes and suggest possible herbal
formularies as a mode of treatment. It is important to note that Chinese herbs need to be dispensed by
a qualified Chinese herbalist within the framework of a complete treatment. The existing knowledge
about the safety of these herbs during pregnancy is not complete and, as of date, we have no knowledge
whether these herbs affect the embryo via the placental blood stream. Some qualified Chinese herbal
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practitioners choose to treat before pregnancy while others continue the use of herbs during the first trimester or in later stages of pregnancy. In either case, it is important to assure excellent quality of herbs
from a known source that stand up to the highest safety regulations in each country. The availability of
herbs may differ from country to country, depending on specific regulations.

Research into Chinese Medicine for RPL
The use of Chinese herbal medicines during pregnancy and postpartum is common in the Chinese community. A Taiwanese population-based cohort study3 showed that 33.6% of pregnant women consumed
herbal remedies. Women with a history of recurrent abortions were found to use more Chinese herbal
medicines than others in the sample.
Despite the vast clinical experience, qualitative research regarding Chinese medicine treatment for
RPL is limited and scanty. The few relevant studies described briefly below suggest possible mechanisms of action of Chinese herbs to prevent RPL.
There are, however, numerous studies regarding Chinese medicine and related topics to RPL, such as
threatened miscarriage, implantation, polycystic ovarian syndrome (PCOS), endometriosis, and infertility, which show the efficacy of acupuncture and Chinese herbs in increasing implantation and ongoing
pregnancy rates, and suggest possible mechanisms of action of Chinese medicine in regards to RPL.

Possible Mechanisms of Action of Chinese Herbal Remedies for RPL
Preliminary mice model studies of Chinese herbal remedies for RPL have shown different immunological influences as described below. These studies suggest possible biochemical mechanism of action of
herbs. Lee et al. showed that the Korean herbal remedy, Cho Kyung Jong Ok Tang, induces type 2 shift
in mice natural killer (NK) cells cytokine production that may explain the protective effect associated
with its traditional use in unexplained RPL.4 Lai et al. studied the frequently used Shou Tai Wan Pill for
RPL and found that middle and high doses of the pills may shift Th1/Th2 cytokine towards Th2 bias,
resulting in maternal–fetal immune tolerance.5
Nagamatsu et al.6 researched the possible mechanism of action of a herbal remedy composed of
two separate herbal formulas. They found that the Japanese herbal remedies Tokishakuyaku-San and
Sairei-To enhanced the release of granulocyte–macrophage colony-stimulating factor, a cytokine working as an important mediator for intercellular communication in the embryonic development, in decidual
stromal cells (DSCs). Fujii suggested that the clinical effect of these herbal medicines can be explained
by enhancing Th1 cytokine release from peripheral blood mononuclear cells (PBMCs) and by suppressing the production of autoantibodies from B-cells.7
The same basic Japanese herbal remedy was studied by Kano et al. in a group of 61 women with antinuclear antibody (ANA) and anticardiolipin antibody (ACLA) positive recurrent spontaneous abortion.8
The results showed a reduction of antibody titers and abortion rates following the use of the remedy.
These promising preliminary studies can be a foundation for identifying the complex pathways by
which Chinese herbs may affect maternal–fetal immune tolerance.

Chinese Medicine for Threatened Miscarriage
The topic of threatened miscarriage can also shed light on RPL as similar Chinese herbal remedies are
utilized in both cases. A Cochrane Review published in 2012 concluded that a combination of Chinese
herbal and Western medicines was more effective than Western medicines alone for treating threatened miscarriage.9 There is, however, insufficient evidence to assess the effectiveness of Chinese herbal
medicines when used alone for treating threatened miscarriage.
Recently, a systematic review and meta-analysis was published by Li et al. in which they attempted
to identify and describe adverse events of Chinese medicines when used for threatened miscarriage.10
The meta-analysis demonstrated that loss of pregnancy was significantly lower in the combined Chinese
medicines groups than in the Western medicines controls. No significant differences were found between
these groups for adverse effects and toxicity or for adverse pregnancy and perinatal outcomes.

“Slippery Fetus”: Recurrent Pregnancy Loss in Traditional Chinese Medicine

411

The quality, however, of the included studies in both reviews was poor and more high quality studies
are necessary to further evaluate the effectiveness and toxicity of Chinese herbal medicines for threatened miscarriage.

Acupuncture for Threatened Miscarriage
Acupuncture is another major branch of Chinese medicine that is commonly used in cases of threatened
miscarriage. As we will present later in this article, within fertility research, acupuncture demonstrates
beneficial hormonal responses with decreased miscarriage rates, raising the possibility acupuncture
may promote specific beneficial effects in early pregnancy. Due to lack of recommended medical treatment options for threatened miscarriage, acupuncture may have treatment benefits.11

Possible Mechanism of Action of Acupuncture
Traditionally, the field of gynecology in Chinese medicine was dominated by herbal medicine.
Acupuncture protocols for women’s disorders were later developed and assimilated into contemporary
Chinese medicine.
The efficacy of acupuncture as an adjunctive treatment in infertility, endometriosis,12 PCOS,13 and
in vitro fertilization (IVF),14–16 as well as pregnancy related issues, such as nausea and vomiting,17 pelvic
girdle pain,18 labor induction,19 etc., have been investigated in numerous studies. The possible mechanisms
of action of acupuncture derived from these studies may explain how acupuncture may prevent and assist
in the treatment of RPL. Acupuncture may influence the secretion of gonadotropins via its effect on endogenous opioid peptides in the central nervous system, especially β-endorphin. Their action on GnRH and
LH modulates the hypothalamus–pituitary–ovarian (HPO) axis.20 In addition, acupuncture may modulate
the hypothalamus–pituitary–adrenal axis, glucose and adipokine metabolism, and insulin secretion.21,13
Acupuncture affects uterine blood flow. It has been demonstrated that acupuncture can reduce uterine
arterial blood flow impedance in infertile women,22 which may explain the efficacy of acupuncture in
increasing the implantation rate in IVF. Manheimer et al. published two reviews on the influence of acupuncture on IVF outcomes.14,15 In 2008, a meta-analysis concluded that acupuncture increases clinical
pregnancy and live birth rate. The updated Cochrane review from 2013 claimed that acupuncture had
no effect. The difference between the two databases may be due to the inclusion of studies using several
different sham acupuncture procedures in the 2013 database. As sham acupuncture has not been demonstrated to be inert, the ideal control group intervention in acupuncture studies has yet to be developed.

Chinese Clinical Experience and Differential Diagnosis of RPL
Modern integrative Chinese medicine indicates six fundamental syndromes corresponding to RPL.23,24
The syndromes listed below summarize the essential clinical picture based on symptoms and signs,
including tongue and pulse. Often these syndromes encompass specific medical diseases, as listed below.

1. Name of Syndrome: Qi and Blood Deficiency
Description and Etiology
Lack of nutrition and/or poor absorption leading to the weak uterine holding capacity of the fetus, which
may result in RPL.

Clinical Symptoms and Signs
Repeated spontaneous abortions, scanty menstruation or amenorrhea, fatigue, general weakness, lassitude of spirit, dizziness, palpitations, insomnia, weak appetite, irregular bowel movements, and sallow
complexion. Tongue is pale and pulse overall weak and deep.
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Possible Western Diagnosis
Anemia, hypothyroid, malnutrition or eating disorders, anxiety.

Proposed Treatment: Tai Shan Pan Shi San (泰山盤石散 )
Radix ginseng, Radix astragali, Radix angelica sinensis, Radix dipsaci, Radix scutellaria, Radix ligustici wallichii, Radix albus paeoniae lactiflorae, cooked Radix rhemannia, Rhizome atractylodis macrocephalae, Radix glycerrhizae, Fructus amomii, glutinous rice.

Remarks
Treatment must include lifestyle changes, such as nutritional recommendations, mild physical exercise,
and adequate sleep.

2. Name of Syndrome: Liver and Kidney Yin Deficiency
Description and Etiology
Aging, enduring disease, long-term consumption of medication or drugs, long term stress or anxiety affect the quality of embryos leading to possible increased fragmentation and DNA mutations.
Nourishment of the uterus is affected which may result in RPL.

Clinical Symptoms and Signs
Repeated spontaneous abortions, oligo-menorrhea, dry mouth and thirst, hot flushes, night sweat,
insomnia, irritability, constipation, weak and sore low back and knees. Tongue is red, dry and has
scanty fur and pulse is weak, rapid and thin.

Possible Western Diagnosis
Poor ovarian reserve, peri-menopause, hyperthyroid, autoimmune disorders, diabetes, stress.

Proposed Treatment: Er Zhi Wan Jia Wei (二至丸 )
Fructus ligustri lucidi, Herba ecliptae, uncooked Radix rhemannia, Radix albus paeoniae lactiflorae,
Radix scutellaria, Radix dioscoreae, Herba taxilli, Semen cuscutae, Radix dipsaci, Rhizome cimicifuga.

3. Name of Syndrome: Spleen and Kidney Qi and Yang Deficiency
Description and Etiology
Long term taxation and exhaustion, aging, enduring disease, long term consumption of medication or
drugs result in exhaustion of the endocrine system affecting its ability to nourish and sustain a pregnancy. According to Chinese medicine physiology, the main component of this syndrome is the presence of internal or external cold that weakens and blocks the axis of endocrine communication.

Clinical Symptoms and Signs
Repeated spontaneous abortions, menstrual irregularities, edema, cold sensations, fatigue, lack of
strength, loose stools, abdominal distension, pallor, weak and sore low back and knees, polyurea.
Tongue is pale and swollen and pulse is weak, rapid and thin.

Possible Western Diagnosis
Adrenal and/or thyroid exhaustion, luteal phase insufficiency, chronic fatigue syndrome, severe anemia.
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Proposed Treatment: Bu Shen Gu Chong Wan (補腎固 衝丸 )
Semen cuscutae, Radix dipsaci, Cortex eucommiae, cooked Radix rhemannia, Radix morindae officinalis, Cornu cervi degelatinatium, Radix angelica sinensis, Gelatinium corii asini, Fructus lycii, Radix
codonopsitis pilosulae, Rhizome atractylodis macrocephalae, Fructus amomii, Fructus zizyphi jujubae.

Remarks
This syndrome requires warming techniques, such as moxibustion, warming nutrition, and avoiding
exposure to cold.

4. Name of Syndrome: Stasis and Stagnation
Description and Etiology
Inhibited blood flow hinders the free and smooth transportation of nutrients and hormones to the target
organs. Impaired blood flow may cause accumulation of toxins and oxidative factors leading to a higher
tendency towards inflammation and pain and therefore a higher rate of RPL.

Clinical Symptoms and Signs
Repeated spontaneous abortions, severe dysmenorrhea, irregular menstrual cycle, dark menstrual blood
with clots, mittleschmertz, chest, breast or rib side distention and pain, headaches, angry outbursts, type
A personality. Tongue is dark purplish with distended under veins and pulse is strong, wiry, or tight.

Possible Western Diagnosis
Endometriosis, adenomyosis, clotting disorders, autoimmune diseases, hypertension, irritable bowel
syndrome, trauma.

Proposed Treatment: Shao Fu Zhu Yu Tang (少腹逐郁㰌 )
Fructus foeniculi vulgaris, Rhizome zingiberis officinalis, Rhizome corydalis yanhusuo, Radix angelica
sinensis, Radix ligustici wallichii, Myrrha, Cortex cinnamomi loureiroi, Radix rubrae paeoniae, Pollen
typhae, Excrementum trogopteri seu pteromi.

Remarks
Physical activity to promote circulation is recommended. Use of antioxidants and avoidance of external
toxins are beneficial.
The use of “blood invigorating” herbs is not recommended during pregnancy. This formula is to taken
before pregnancy occurs and needs to be modified accordingly once the patient is pregnant.

5. Name of Syndrome: Accumulation of Fluids –“Damp and Phlegm”
Description and Etiology
Impaired metabolism of fluids can lead to accumulation of “phlegm” that thickens the mucous membranes
in the body. Polycystic ovaries, fertility drugs and steroids can all aggravate the accumulation of fluids in
the endometrium thus impairing implantation. PCOS is considered a risk factor for RPL as mentioned in
Chapter 1 of this book. In ancient Chinese texts, this condition was referred to as “slippery fetus.”

Clinical Symptoms and Signs
Repeated spontaneous abortions, overweight or obesity, possible profuse phlegm production and vaginal
discharge, abdominal bloating, gastro intestinal disorders. Tongue is swollen and flabby with thick coating and pulse is slippery or full.
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Possible Western Diagnosis
PCOS, diabetes, obesity, candidiasis.

Proposed Treatment: Chai Hu Ling Tang (柴胡苓㰌 )
Radix bupleuri, Rhizoma alismatis, Rhizoma pinelliae, Hoelen, Polyporus umbellatus, Rhizome atractylodes macrocephalae, Radix scutellariae, Radix panax ginseng, Radix glycyrrhizae, Ramulus cinnamomi cassiae, Zingiberis rhizoma, Jujubae fructus.

Remarks
A well-balanced sugar, gluten, and dairy free diet are a part of treatment.

6. Name of Syndrome: Bao Mai Disconnection
Description and Etiology
The Bao represents the emotional and mental connection between the chest area, house of the spirit and
mind in Chinese thought, and the uterus. This reciprocal communication is essential for the proper function of all reproductive organs. According to Chinese medicine, mental and emotional well being is an
important factor in proper endocrine function. As body and mind are connected and interdependent it is
possible to affect the emotional factors via the physical body, and vice versa.

Clinical Symptoms and Signs
Anxiety, panic attacks, sleep disorders, chest pain and distention, palpitations, frequent vivid dreams,
menstrual disorders, dyspareunia. Tongue and pulse differ according to additional symptoms.

Possible Western Diagnosis
Emotional and psychological trauma, sexual abuse, anxiety, phobias, memory of previous miscarriages.

Proposed Treatment: Tao Hong Si Wu Tang Jia Wei (桃紅四物湯 )
Radix ligustici wallichii, Radix angelica sinensis, cooked Radix rhemannia, Radix albus paeoniae
lactiflorae, Semen persica, Flos carthami tinctorii, Cortex albizziae julibrissin, Radix salvia miltiorrhizae, Radix polygalae tenuifoliae, Caulis polygoni multiflori, Fructus schizandrae chinensis.

Remarks
Integration of physiological counselling and body mind therapies, such as fertility yoga, Qi Gong, or
Tai Qi are recommended.

Conclusion
The treatment of RPL in Chinese medicine has been developed over the centuries and is based on clinical practice. Evidence of efficacy of acupuncture and Chinese herbs has been gaining momentum in
recent studies. Research on related topics that have been mentioned above imply that Chinese traditional
therapies may influence RPL via the central nervous system, especially the HPO axis and uterine blood
flow. Further high quality research is needed to establish the role of Chinese medicine and its mechanisms of action in the treatment of RPL.
Acupuncture is considered to be a safe modality of treatment and has little to no adverse side
effects.25,26 Specifically, acupuncture has been studied in various phases of pregnancy for the treatment
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of implantation of embryos, nausea and vomiting, pelvic girdle pain, labor induction, and pain relief
during labor. In none of these studies were any maternal or obstetric negative side effects recorded.27–31
In light of the potential efficacy and safety of Chinese medicine, acupuncture and herbal medicine
should be considered as a useful adjunct to conventional treatment for RPL.
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A Patient’s Perspective
Mindy Gross

I had six miscarriages in less than 3 years. In retrospect, this seems to be a physical impossibility.
Although each miscarriage stands starkly alone in my mind, having six of them in such a short span
of time produced a cumulative effect. Each presented me with peculiar challenges and carried its own
unique message. On each occasion, I was in a different hospital either in America or in Israel, with
different doctors and different walls to witness my misery. It was natural to begin getting that deja vu
feeling, “haven’t I been here before?” Yet, when I looked around, I was forced to admit that—“no, I had
never been here before.” Looking back, it seems as if each miscarriage demanded its own identity, its
own space in my brain. Each refused to be lumped together with the others.
In retrospect, I had undergone six different and distinct losses. One might think that the loss becomes
easier or at least less painful with each successive miscarriage. It does not. On the contrary, the physical
pain is as fresh and as potent each time. The emotional suffering involved in the loss only increases.
It has been said that humans can acclimate themselves to the most horrendous of circumstances; the
“getting used to it” impulse seems to be very strong. This was not the case. I never got used to losing
a nascent child.
Though each time I was more prepared on a practical level, I was never prepared on an emotional
level. Each miscarriage came as a shock, though the physical symptoms often repeated themselves. The
initial trouble always began suddenly, without warning a stain would appear. Foolishly, I would think,
“could I just wish it away—make believe it didn’t exist?” As the sharp pains in my back and cramping
increased, I started to ramble, “could I have a nervous breakdown simultaneously with a miscarriage?”
The hemorrhaging was merciless and as was now my custom, I grabbed some towels and headed to the
car to take me to the hospital.
I had felt pregnant. I had experienced the morning sickness that seemed to last the whole day. Now
I wish I had not. At least I would have been spared the pain of feeling the symptoms disappear. I was
filled to the brim with disappointment. Miscarriage is a death, though perhaps not acknowledged as
such by the world outside of the family who have suffered the loss. At the time of my miscarriages, I
could not articulate this feeling, but it was very real. I was frightened by the fragility of life. I knew that
I had experienced a touch of death, for something had died within me.
The trauma of miscarriage stems from lost hope that was so briefly, and so very vividly alive. For
all of the frustration of infertility, it is one dimensional, monochromatic—negative, negative, negative,
void and nothingness. Miscarriage by contrast is multichromatic. You have hope and a life inside you,
and then it is lost, both the child and the hope. Surprisingly, I found that I never became jaded. No
matter how many losses, each conception reawakened in me the belief that this time it was going to be
different.
The assumption that children will arrive soon or easily, or at least whenever the couple desires them,
is a normal assumption, but also a very dangerous one. My family and friends have children. They
do not have miscarriages. So, although I may have known intellectually that miscarriages are not that
uncommon, my unexpected complications were not part of my every day consciousness. Infertility and
miscarriage are unfortunate things that happen to “other people.” As it was too painful to imagine these
difficulties in our own lives, when they did occur, I found that I was at a total loss. As the effects of one
miscarriage seemed to spill over into the next miscarriage, one truth pervaded my thoughts, I was still
barren.
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Barren. What a horrible word. It conjures up images of the American southwest, of Arizona and
Georgia O’Keeffe’s paintings. One of O’Keeffe’s favorite motifs is a dry horse’s skull sitting on the
desert’s sand. No signs of life there. Some of the most wretched terrain on earth, incapable of creating
and sustaining life. Barren. What a pitiful way to hear oneself described. The label “fruitless” was so
contrary to the way I had perceived myself my whole life. I was always very fruitful, I was a producer.
Now I was deficient. I did not have what it takes to “produce” in the most valuable of all endeavors,
conceiving a child and sustaining a pregnancy.
Bitter. A word I never had an affinity for. Bittersweet chocolate is, to me, a very poor substitute for
the real thing: gooey milk chocolate. Bitter implies something unappealing and most certainly not the
ideal. Over the span of my years of infertility and often agonizing tests, I asked myself, “was I becoming bitter?” I resolved with all my heart that this was one sentiment that would have no place in my
vocabulary. Bitterness was a particularly astringent emotion. One whose intensity I felt would be better
put to use on other needs and emotions, particularly at such a sensitive time in my life. Bitterness twists
one’s core personality and corrodes a person’s resources and strengths. I was concerned that becoming
bitter would have held me back from full participation in and enjoyment of the births of my nieces and
nephews as well as countless friends. It would have constricted my own flow of love and giving when
that is, indeed, what I needed to do most.
All I wanted was to have a normal life. After having been married for 7 years and wanting children,
“normal” by definition would mean a baby in my arms. Other women I know who have suffered pregnancy losses have also remarked that they too just wanted their lives to be “normal.” I craved the ordinary, the mundane tasks of motherhood, but they continued to elude me. I also felt confused. I had not
heard much about miscarriages before and even if they were relatively commonplace, they were not part
of my lexicon. I read a book about women suffering from multiple miscarriages, which I could strongly
relate to. Friedman and Gradstin in their book, “Surviving Pregnancy Loss” write: “when you lost your
first pregnancy, everyone told you not to worry, it happens to a lot of people. Remember, you are young
and healthy and have lots of time to have babies.” But the authors continue, “other women have babies
so easily; why not you? Lightening is not supposed to strike twice in the same place, and certainly not
three or four times.”
My earlier difficulties with conception often left me with a very frightening thought: “what if I never
conceive?” With the miscarriages, I knew my situation was different. Somehow, I believed that in most
cases when a woman conceives again and again, the likelihood is that sooner or later a pregnancy
should sustain itself. I would periodically remind myself that there were women I knew who never even
had the good fortune of having a hope to cling to. Yet, a nagging doubt was lodged in my consciousness
and a subtle fear accompanied me wherever I went. My fear was based on the lesson that the miscarriages had taught me. Human existence is very fragile. There are no guarantees.
My body was out of control. First, it refused my command to become pregnant and then it refused
to hold on to the pregnancy. As my infertility problems were unexpected, as until now I was a healthy
female specimen, this bizarre turn of events caused me to lose my balance. I was young, athletic, never
smoked, and only had an occasional glass of wine. Why was my body failing me? I felt that I was twirling in an almost dizzy fashion. Not only was my body out of control, but my life seemed to be spiraling in a direction I could not identify. Once the possibility of childlessness entered my mind, it never
departed. It lurked in the shadows of my brain pushing to the fore at the most unexpected moments. Just
when I was enjoying myself, actively engaged in the world around me, the sinking feeling would come
rushing back: I may never, ever give birth to a child. I may never, ever be a natural biological mother.
Paralysis seeped in. It was as if my body froze and my mind locked. Everything was now out of control.
I would try to push the ugly thoughts out and concentrate on my life. I focused on my career, my family,
my community and friends. But the thoughts were still there. The harsh fact of my being a “habitual
aborter” lingered on and on. It aggressively invaded my consciousness and colored my perception of
the world. In fact, the cumulative experiences of years of infertility and failed pregnancy had shaken
me to my core. My world had suddenly become a whirlwind of intense and mighty emotions. Hope and
despair would rage. I found that in the midst of my mundane activities, I was now insecure and frightened. Some of these emotions I felt quite powerfully for the first time in my life. I was distraught and
disillusioned. The world had turned bleary.
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On a particularly overcast and gloomy day in New York, I entered Brooks Brothers Department
Store. Suddenly, I had an overwhelming need to buy a personal diary. The pocket diary I found was
maroon and leather and was a present to myself, a consolation prize for bearing circumstances that
would crumble many a strong individual. The gold leafed diary cost more than the budget would normally allow, even if it did bear the distinguished Brooks Brothers insignia. I distinctly remember the
day that I bought it. I had been diagnosed with a “grapefruit size” ovarian cyst, the latest mishap in
my uncontrollable reproductive system. I was nothing less than frenzied with my cyst surgery looming.
With the diary in hand, I hurried to the corner of an enormous Hallmark card store in Manhattan and
opened it to the back page. With a burning need, I wrote down the dates, locations, and treatments of the
miscarriages. I also included the upcoming appointments, date of my cyst surgery, and all the various
treatments I had undergone since the onset of my infertility problems. What if this information would
be important some day? How would I remember all the details if I did not record it somewhere? My
response to all my suffering at that time was the emotional equivalent of the diary’s blank pages. I was
silenced. No words could ever convey the emptiness I felt. But the precise week of each pregnancy loss,
each doctor and each treatment would occupy the gold-leaf pages. Some empty lines would be filled in,
in the not too distant future with the last and most crucial treatment that was yet to come. From time to
time, I take out the diary to remember the tears that were shed in that Hallmark store. Amid the baubles
and balloons, the shelves of colorful cards announcing every sort of happy occasion, I was occasionless.
I wept and felt my precious lost souls wept with me. I stared in disbelief at the dates and the memories
they evoked. I felt weighted down as I held the small maroon diary in my hand. The year 1986 was
embossed in gold numbers on the front cover of the book. Could I have imagined what occasion would
yet occur during that year?
A well-meaning friend had clipped an article from the local newspaper detailing an experimental treatment for multiple miscarriages. The treatment was initiated in the UK and was now being
offered by a pioneering doctor in Israel. This was actually a rather frequent occurrence; concerned
friends would drop by to relay information about some new and innovative medical technology
they had learned of from the media. Of course, I very much appreciated their support, but as time
passed and no experts had the answers I sought, and all the latest treatments had apparently failed,
these suggestions only served as a constant reminder of my childlessness. I truly felt loved by all
those who called and cared enough to keep me in their thoughts and prayers. No doubt, it was my
pain and my insecurity about the future that made each suggestion so difficult. I was tired of being
disappointed, sick of hanging my hope of becoming a mother on some new innovative medical treatment. Looking back, I think I was also tired of disappointing everyone around me. This particular
newspaper article was especially ill timed; it arrived as the hemorrhaging of my sixth consecutive
miscarriage worsened. As I lay on my bed, the only thing I could be sure of was that I did not want
to look at, much less consider, any new “treatments.” I certainly could not face another doctor. Each
new doctor would need my medical history, and with each retelling, I found myself reliving. Six
miscarriages, six different doctors, six different hospitals. Could I tell this sorrowful tale one more
time? I crumpled the article and placed it in the wastepaper basket next to my bed amongst all of
the tear-filled tissues. The cramping continued and I knew with certainty that I could not and would
not ever have the energy to face another treatment protocol. In fact, the only thing I wanted was to
survive this most recent hardship and sit very still, by myself, for a long, long time.
As the bleeding intensified, I could fool myself no longer. I needed a doctor. I turned to the wastepaper basket. The discarded ball of newspaper stared up at me. I felt it was actually challenging me—
daring me to try once again. Suddenly, that rejected article became the focus of my anger, frustration
and all my hope. My decision to take an experimental treatment was not an easy one. I was concerned
with the unclear repercussions, but the confidence and sincere concern of my doctor helped me move
forward. Treatments in general are not just the filling of prescriptions, scheduling doctors’ appointments
and undergoing procedures. The word treatment equals the word hope. It was therefore, very difficult
for me to see any treatment as routine.
Infertility and pregnancy loss presented me with challenges and choices that were often painful
and difficult to make. My personal suffering had been well hidden behind the guise of a “normal
life.” As a result, the life crisis that evolved with my pregnancy losses was often misunderstood.
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Pregnancy loss creates isolation, an overwhelming feeling of sadness. I felt vulnerable and out of
control. These are intense and powerful emotions that need to be recognized, identified, and dealt
with. My own personal experience was that my spirit could be crushed or elated by the result of a
blood test, because its results meant the difference between life and death in pregnancy, or between
a healthy organ and a diseased one. Each doctor’s visit became a focal point; a touchstone, a painful
reality check as to how realistic it was to believe that motherhood was still within my grasp. Now
nearly 20 years later from the birth of the first of my three children, writing this chapter still evokes
such powerful emotions that it is as if it is in “real time.” Tears flow freely. Painful, memories are
now intertwined with joy that soars and knows no bounds. The years of infertility and multiple
pregnancy loss will always be an integral part of my most essential self. That self came to motherhood with profound blessings from G-d and the pioneering and brave efforts of dedicated doctors
and hospital staff, all to whom, I am forever grateful.

Epilogue
Howard J. A. Carp

In recurrent pregnancy loss (RPL), there are many questions unanswered. The physician and patient are
often bewildered in the face of changing and conflicting information, as demonstrated by the various
debates in this book. As Chapter 40 shows, there is not even agreement as to who should be investigated. The American Society of Reproductive Medicine1 recommends investigation and treatment after
two miscarriages, whereas the Royal College of Obstetricians and Gynaecologists2 and the European
Society of Human Reproduction and Embryology3 recommend a minimum of three miscarriages.
Basically, there are two approaches. The first attempts to reach a more accurate diagnosis by separating maternal from embryonic causes, as shown in Chapter 41 (tailor made). The second approach is to
take RPL as one homogeneous condition, examine treatment in a large cohort of patients, and rely on
randomization to overcome the different causes of RPL. The second approach (evidence based) is often
used to determine the value of treatment. For example, Laskin et al.4 in an often quoted trial to show
that steroids are ineffective included patients with two losses between 5 and 31 weeks. Ober et al.5 in
a paper often quoted to show that that paternal leucocyte immunization is ineffective included patients
with nonconsecutive losses up to 29 weeks and may have rendered the immunizations ineffective by
refrigeration.6 The tailor made approach looks for subgroup analyses within the larger group of the
meta-analysis, and uses further diagnostic tests to determine the right drug for the right person at the
right time. An example is immunoglobulin therapy. If all patients are considered together, there is no
effect.7 However, if patients are selected according to time of administration (prior to pregnancy), there
is a statistically significant benefit.8 The next step would be a specific diagnostic test to determine which
patient would respond to immunoglobulin and which would not. However, further specific diagnostic
tests are not always available. In the light of current knowledge, if the tailor made approach is followed,
patients losing aneuploid embryos should have preimplantation genetic screening (PGS), and those losing euploid embryos should have treatment shown to be effective in trials in which fetal aneuploidy has
been excluded. To date, there are no such trials, either in PGS or treatment of maternal causes of RPL.
Hence, there are differences in treatment approach. One approach is that no treatment is to be prescribed until shown to be effective in high quality trials. It has even been claimed that it is the duty of
the physician to protect patients from “unproven” treatment. However, the patient does not consult the
physician for protection, but for help in order to deliver a child. In this age of patient autonomy, patients
can demand cesarean section with no medical justification. Cosmetic surgery is provided with no medical indication. These operations have numerous side effects. Does the patient with RPL not have the
same right to demand treatment, which many believe to be effective? Chapter 44 shows in a most eloquent manner the suffering that a patient goes through after six miscarriages. As Mindy Gross writes,
she was treated by experimental treatment outside of any protocol. She now has three adult children.
Should she have remained childless until we, the treating physicians, have proven to our satisfaction that
treatment works? In the older patient, there may not be time to await the results of trials.
The patients demand for treatment has led to an anomalous situation. As paternal leucocyte immunization is not available in the U.S. due to the FDA not allowing treatment until efficacy is shown in a
trial in the U.S., patients travel to Mexico to be immunized. The “pros and cons” of paternal leucocyte
therapy are debated in this book, and efficacy has been shown in meta-analyses.
In many types of treatment, no evidence-based trials are possible. It is unlikely that a trial will
ever be performed on surrogacy, as there will always be few patients requiring this form of treatment.
Does that mean that surrogacy should not be allowed, or should patients be forced to travel, or act in
clandestine ways?
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The answers to these questions are difficult and not unique to RPL. Who has the last word on treatment, the physician or the patient?

REFERENCES
1. Practice Committee of the American Society for Reproductive Medicine. Evaluation and treatment of
recurrent pregnancy loss: A committee opinion. Fertil Steril 2012;98:1103–11.
2. Royal College of Obstetricians and Gynaecologists. The Investigation and Treatment of Recurrent
Miscarriage. Guideline No 17. London: RCOG Press; 2011.
3. Jauniaux E, Farquharson RG, Christiansen OB et al. Evidence-based guidelines for the investigation and
medical treatment of recurrent miscarriage. Hum Reprod 2006;21:2216–22.
4. Laskin CA, Bombardier C, Hannah ME et al. Prednisone and aspirin in women with autoantibodies and
unexplained recurrent fetal loss. N Engl J Med 1997;337:148–53.
5. Ober C, Karrison T, Odem RR et al. Mononuclear-cell immunisation in prevention of recurrent miscarriages: A randomised trial. Lancet 1999;354:365–9.
6. Clark DA, Banwatt D. Altered expression of cell surface CD200 tolerance-signaling molecule on human
PBL stored at 4°C or 37°C correlates with reduced or increased efficacy in controlled trials of treatment
of recurrent miscarriages. Am J Reprod Immunol 2006;55:392–3.
7. Porter TF, LaCoursiere Y, Scott JR. Immunotherapy for recurrent miscarriage. Cochrane Database Syst
Rev 2006;CD000112.
8. Hutton B, Sharma R, Fergusson D et al. Use of intravenous immunoglobulin for treatment of recurrent
miscarriage: A systematic review. BJOG 2007;114:134–42.

MEDICINE/GYNECOLOGY

n

Pregnancy Loss

Causes, Controversies,
and Treatment
Second Edition

text reviews the evidence for best practice
esent the reader with the right information,
nterventions and avoidance of ineffectual
e evidence of the key references. The
ght format by summarizing evidence
nd algorithms. The aim is to inform the
make it easy to do it right.”

Maternal-Fetal Evidence
Based Guidelines

Fetal Evidence
delines
Recurrent

parately orRecurrent
together withpregnancy
a companionloss presents a vexing clinical problem primarily for medical
ed Guidelines
(set
ISBN
9781841848266).
professionals treating patients in reproductive medicine and in maternal-fetal

icine is published
in conjunction
with with
The its numerous causes and various suggested treatment
medicine.
However,
natal Medicine.
options, the problem is more multidisciplinary in nature, involving gynecology,

genetics, endocrinology, immunology, pediatrics, and internal medicine. Exploring
basic science and clinical applications, the second edition of the bestselling text
Recurrent Pregnancy Loss: Causes, Controversies, and Treatment provides an
al Medicine
authoritative and comprehensive update on advances in the understanding and
Gynecology
management
of this troubling phenomenon.
mas Jefferson
University

ond Edition

Hyper
• Nau
disease
cord in
• Car
pregna
after tr
Designed for specialists working in reproductive medicine clinics and those
disord
involved with maternal-fetal care, the book is also ideal for generalists and
• Obe
gynaecologists seeking a comprehensive view of developments in the field.
hypere
• Mat
Howard J. A. Carp, MB BS, FRCOG
• Dru
Clinical Professor, Obstetrics and Gynecology, Sheba Medical Center, Tel Hashomer,
diabete
Israel and Sackler School of Medicine, Tel Aviv University, Israel
Intrah
disease
K22042
disease
ISBN: 978-1-4822-1614-1
90000
• Hyp
pregna
Berghella disease
9 781482 216141
influen

premature rupture of membranes • Induction of labor • Premature rupture of
sition • Shoulder dystocia • Abnormal third stage of labor • Post-term pregnancy
acentae • Postpartum infections • The neonate • Recurrent pregnancy loss •
nes • Induction of labor • Premature rupture of membranes at or near term •
Abnormal third stage of labor • Post-term pregnancy • Placenta previa, placenta
ons • The neonate • Recurrent pregnancy loss • Prevention of preterm birth •
mature rupture of membranes at or near term • Meconium • Malpresentation and
st-term pregnancy • Placenta previa, placenta accreta and vasa previa • Abruptio
cy loss • Prevention of preterm birth • Preterm premature rupture of membranes •
• Meconium • Malpresentation and malposition • Shoulder dystocia • Abnormal
ta accreta and vasa previa • Abruptio placentae • Postpartum infections • The
reterm premature rupture of membranes • Induction of labor • Premature rupture
malposition • Shoulder dystocia • Abnormal third stage of labor • Post-term
ruptio placentae • Postpartum infections • The neonate • Recurrent pregnancy
mbranes • Induction of labor • Premature rupture of membranes at or near term •
Abnormal third stage of labor • Post-term pregnancy • Placenta previa, placenta
ons • The neonate • Recurrent pregnancy loss • Prevention of preterm birth •
mature rupture of membranes at or near term • Meconium • Malpresentation and
st-term pregnancy • Placenta previa, placenta accreta and vasa previa • Abruptio
cy loss • Prevention of preterm birth • Preterm premature rupture of membranes •
• Meconium • Malpresentation and malposition • Shoulder dystocia • Abnormal
ta accreta and vasa previa • Abruptio placentae • Postpartum infections • The
reterm premature rupture of membranes • Induction of labor • Premature rupture
malposition • Shoulder dystocia • Abnormal third stage of labor • Post-term
ruptio placentae • Postpartum infections • The neonate • Recurrent pregnancy
mbranes • Induction of labor • Premature rupture of membranes at or near term •
Abnormal third stage of labor • Post-term pregnancy • Placenta previa, placenta
ons • The neonate • Recurrent pregnancy loss • Prevention of preterm birth •
mature rupture of membranes at or near term • Meconium • Malpresentation and
st-term pregnancy • Placenta previa, placenta accreta and vasa previa • Abruptio
cy loss • Prevention of preterm birth • Preterm premature rupture of membranes •

a

Second Edition

Obstetric
ce Based
uidelines

The book covers basic scientific topics such as genetics and cytokines and
profiles major advances in immunology, endocrinology, and thrombotic
mechanism. It discusses the methodology of clinical research and the application
of evidence-based medicine to clinical practice. It also reviews various late
obstetric complications, along with issues caused by extreme prematurity and
possible resulting handicaps. This second edition presents new material on the
latest controversies, featuring opinions from both sides of ongoing debates. It
includes new chapters on autoimmunity, third-party reproduction, the use of
immunostimulants such as CSF, and Chinese medicine.

