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Preface

The clear enthusiasm of clinicians and scientists
engaged in early pregnancy care and research has
been the springboard for the launch of this first book
on early pregnancy. Authors from international
organizations such as The European Society for
Human Reproduction and Embryology (ESHRE),
The American Society for Reproductive Medicine
(ASRM) and the Royal College of Obstetrics and
Gynaecology (RCOG) have been brought together
through several fascinating and engaging meetings
as the burgeoning area of early pregnancy research
has “come of age” and matured into sentinel areas of
basic science research and evidence-based practice.

In professional terms, early pregnancy sits
between fertility practice and obstetrics. Early preg-
nancy has become an expanding area of research for

embryologists, geneticists, endocrinologists and
ultrasound experts plus many related core specialist
areas. It truly requires a multidisciplinary team, both
at the bench and at the bedside, who can work
together to translate the exciting new developments
in the field into clinical practice.

The editors are indebted to all of the authors for
their contributions in the field of early pregnancy and
for writing chapters on their unique expertise. Their
enthusiasm has made the production of this book
much easier than anticipated.

Roy G. Farquharson
Liverpool

Mary D. Stephenson
Chicago

xi





Chapter

1 Early pregnancy – models of healthcare
Roy G. Farquharson and Niek Exalto

Introduction
Early pregnancy problems form a major part of all
gynecological emergencies. In the past, patients were
admitted to the emergency receiving ward and waited
for a considerable length of time before undergoing
ultrasound scan and clinical assessment. With the
appearance of early pregnancy assessment units
(EPU), an increasing number of women are being
assessed and managed as outpatient or office attend-
ers. The advent of high-resolution transvaginal ultra-
sound coupled with the improved access to hCG
measurements has allowed the development of mod-
els of care and improved delivery of care.

Within the UK the growth of EPU numbers has
increased to the extent that over 200 active units are
registered with the Association of Early Pregnancy
Units (AEPU). The AEPU has set out, since it’s incep-
tion in 2001, to improve the standards of early preg-
nancy care and to provide a clearer pathway for the
patient’s journey (earlypregnancy.org.uk).

In recent years ultrasound diagnosis and
improved understanding of problems related to
early pregnancy have led to the introduction of med-
ical and expectant management of miscarriage and
selected cases of ectopic pregnancy. Randomized
controlled trials have provided evidence-based prac-
tice (rcog.org.uk/guidelines). Patient choice has
emerged as a powerful selector for treatment. The
mission statement from the Association of Early
Pregnancy Units has the patient at the center of all
activity and the multidisciplinary care structure
reflects the multitasking approach of care providers.

All women with early pregnancy problems will have
prompt access to a dedicated Early Pregnancy
Assessment Unit (EPU) that provides efficient evi-
dence based care with access to appropriate infor-
mation and counseling. At all times women will be

supported in making informed choices about their
care and management.

Evolution
Early pregnancy loss before 12 weeks’ gestation is a
common event that causes a great deal of distress
to women and their partners alike. Approximately 1
in 5 pregnancies will end in pregnancy loss which
represents a considerable burden on individuals as
well as the health-care providers.

As miscarriage causes such strong emotional reac-
tion it is apparent that the great majority of sufferers
clearly remember the event process leading up to the
pregnancy loss. Most early pregnancy complications
will have undergone ultrasound scan assessment.
Many women recall precise details of ultrasound find-
ings before or at the time of diagnosis. As a conse-
quence there is a need to improve our description of
early pregnancy events so that care providers and
patients understand each other and use the same lan-
guage to describe these findings. Upon this basis and
using a pragmatic ultrasound-based approach, an
attempt to replace old and misunderstood terms like
blighted ovum has been made.

The nomenclature used to describe clinical events
in early pregnancy has been criticized for lack of clarity
and promoting confusion. There is no agreed glossary
of terms or consensus regarding important gestational
milestones. In particular there are old and poorly
descriptive terms such as missed abortion or blighted
ovum which have persisted since their introduction
many years ago [1] and have not undergone revision
despite the widespread application of ultrasound for
accurate clinical assessment and diagnosis.

The authors are aware of these shortcomings in
terminology and are keen to provide an updated glos-
sary. The attached summary hopes to facilitate the
introduction of a revised terminology in an attempt

Early Pregnancy, ed. Roy G. Farquharson and Mary D. Stephenson. Published by Cambridge University Press.
© Cambridge University Press 2010.
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to provide clarity and to enhance uptake and use in the
literature, especially patient information leaflets, as well
as clinical assessment and documentation (Table 1.1).

Recognizing the event
The commonest early pregnancy complication of spon-
taneous miscarriage occurs in approximately 15–20%
of all pregnancies, as recorded by hospital episode stat-
istics. The actual figure, from community-based assess-
ment, may be up to 30%, as many cases remain
unreported to hospital [2]. The great majority occurs
early before 12 weeks gestational age and less than 5%
occur after identification of fetal heart activity [3].
Second trimester loss, between 12 and 24 weeks, occurs
less frequently and constitutes <4% of pregnancy out-
comes [4]. The clinical assessment of every pregnancy
loss history requires clarification of pregnancy loss type
and accurate classification, whenever possible [5].

The traditional grouping of all pregnancy losses
prior to 24 weeks as “abortion” may have had prag-
matic origins, but it is poor in terms of definition
and makes little sense. The term abortion is also con-
fusing for the patient and its use should be abandoned.
She may not realize that (spontaneous) abortion is not
a termination of pregnancy because the terms medical
abortion or legal abortion are used in the same way.

Increasing knowledge about early pregnancy
development, with the more widespread availability
of serum beta hCG measurement, the advent of
high-resolution transvaginal ultrasound (TVU) and a
clearer description of gestational age at pregnancy loss
make for a more sophisticated assessment of previous
miscarriage history. The advent of these important
information milestones has not been fully realized
nor incorpo rated into clin ical eve nt descr iption for
article publication.

The emergen ce of early pregnanc y units (EPU) in
many hospitals has addressed the need for a dedi-
cated clinical area for the diagnosis of miscarriage
and patien t sup port at a distressing time (Box 1.1 )
[6,7]. With the establishment of an EPU network, it
becomes more important that a standardized diag-
nostic classification system be employed for accurate
and reproducible reporting of ultrasound findings
and clinical outcomes so that direct comparisons
between units can be readily understandable for
both research and audit purposes.

Themost recent Confidential Enquiry intoMaternal
Deaths (2007) conclusively demonstrates that mortal-
ity from ectopic pregnancy has not declined and is

still on the increase on rates described 10 years ago
[8]. As the EPU represents the most likely point of
ectopic pregnancy diagnosis, the importance of stand-
ardized reporting of very early pregnancy changes
requires a robust approach following recent recom-
mendations [9].

Length of pregnancy
Just as postnatal age begins at birth, prenatal age
begins at fertilization. The embryonic period occupies
the first 8 postfertilization weeks, during which or-
ganogenesis takes place. Thereafter, the fetal period is
characterized by growth. Embryologists prefer the
term embryonic age and assess this by using 23 inter-
nationally recognized morphological stages [10].
Clinicians, however, conventionally calculate from
the first day of the last normal menstrual period
(LMP). Confusion about the definition of pregnancy
duration derives from use of terms such as postovula-
tory age, conceptual age or even misnomers like
menstrual age within the published literature.

Clinicians do have to acknowledge that a woman
does not become pregnant during the LMP, or during
ovulation but exclusively after conception. Gestation
is the condition of being carried in the womb
during the interval between conception and birth.
The term “gestational age” (GA) is therefore confus-
ing, although generally accepted, and its widespread
use can only be legitimized using a clear definition.
The appropriate way to overcome this confusion is
to choose GA based on a theoretical ovulation plus
2 weeks. As early ultrasound (US) measurements of
the fetus (crown–rump length, CRL) are reproducible
[11] and more accurate than the use of the LMP there
is a need in publications to define GA as based on
LMP and/or US. The continuing refinement of early
pregnancy dating and growth studies will clearly help
the patient’s experience and clarify uncertainty in the
clinician’s mind [12].

Ultrasound criteria
With the introduction of transvaginal ultrasound,
longitudinal assessment of early pregnancy develop-
ment can be made, in terms of viability and growth.
Ultrasound plays a major role in maternal reassur-
ance, where fetal cardiac activity is seen and is pivotal
in the assessment of early pregnancy complications,
such as vaginal bleeding [13]. However, there are
limits to ultrasound resolution of normal early preg-
nancy development. Recent advice concludes that a

Chapter 1 Early pregnancy – models of healthcare
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Table 1.1 Revised nomenclature 2005 [5].

Avoid Prefer Ultrasound findings

1. Egg Oocyte

2. Embryo Fetus Ultrasound-based definition to include fetal
heart activity and/or crown–rump length
>10mm

3. Embryonic age
Postovulatory age
Conceptual age
Menstrual age

Gestational age based on last menstrual
period and/or ultrasound fetal
measurement

4. Threatened abortion Threatened miscarriage

5. Spontaneous abortion Spontaneous miscarriage

6. Medical abortion
Legal abortion

Termination of pregnancy

7. Recurrent abortion
Habitual abortion

Recurrent miscarriage consisting of 3 early
consecutive losses or 2 late pregnancy
losses

8. Pregnancy test Serum/urine level of human chorionic
gonadotrophin (hCG)

9. Pre-clinical embryo
loss

Biochemical pregnancy loss with
description of falling low positive
serum/urinary hCG

No definition of pregnancy location

10. Trophoblast regression Biochemical pregnancy loss

11. Menstrual abortion
Pre-clinical abortion

Biochemical pregnancy loss Pregnancy not located on scan

12. Early embryonic demise
Anembryonic pregnancy

Empty sac Gestation sac with absent structures or
minimal embryonic debris without heart rate
activity

13. Embryonic death Fetal loss Previous identification of crown–rump length
and fetal heart activity followed by loss of
heart activity

14. Early abortion Early pregnancy loss Ultrasound definition of intrauterine
pregnancy with reproducible evidence of lost
fetal heart activity and/or failure of increased
crown–rump length over one week, or
persisting presence of empty sac, at less than
12 weeks’ gestation

15. Missed abortion Delayed miscarriage Same as for early pregnancy loss (vide supra)

16. Late abortion Late pregnancy loss After 12 weeks gestational age where fetal
measurement was followed by loss of fetal
heart activity

17. Hydatidiform mole
Partial mole
Molar pregnancy

Gestational trophoblastic disease
(complete or partial)

18. Heterotopic
pregnancy

Intrauterine plus ectopic pregnancy
(e.g. tubal, cervical, ovarian, abdominal)

19. Pregnancy of unknown location (PUL) No identifiable pregnancy on ultrasound with
positive blood/urine hCG

Chapter 1 Early pregnancy – models of healthcare
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diagnosis of an empty sac (previously named: anem-
bryonic pregnancy, early embryonic demise or
embryo loss) should not be made if the visible
crown–rump length is less than 6mm, as only 65%
of normal embryos will display cardiac activity [14].
Repeat transvaginal ultrasound examination after at
least a week showing identical features and/or the
presence of fetal bradycardia is strongly suggestive
of impending miscarriage [15]. The possibility of
incorrect dates should always be remembered by the
alert clinician. In addition, it should be remembered
that when the fetus has clearly developed and the fetal
heart is absent, the term “missed abortion” should be
replaced by “delayed miscarriage” [16].

Gynecologists and ultrasonographers acknowledge
the “embryonic” period by speaking about fetal
heart action and fetal activity before the end of organo-
genesis. This evidence of heart action is vital to the

patient who sees clear signs of life. Embryologists, by
contrast, may debate the meaning of embryo in early
pregnancy but embryo is more synonymous with cells
and gametes in an IVF laboratory than as the pre-
clinical scientific description of anatomic organogen-
esis. Although a clear distinction between embryonic
and fetal periods is significant in teratology, we have
to accept that modern terminology should reflect
daily clinical practice whose description has changed
in the last two decades and is more patient-centered.
The term fetus receives an ultrasound definition to
include fetal heart activity and/or a crown–rump
length >10mm.

Classification of events
There has been a plea to classify pregnancy losses
according to the gestational age at which they occur

Box 1.1 Standards in early pregnancy careStandard Core Aspirational
Patient information Designated reception area.

Universal use of clear, understandable
terminology by all staff.

Dedicated staff constantly at reception desk to
provide greeting, obtain patient details and
explain structure and triage function of EPU.

Patient choice of
management

Education of patient relevant to diagnosis
and management.
Open explanation of expectant, medical
and surgical options.

Dedicated phone line for patient queries and
electronic access to protocols from outside
unit.

Dedicated quiet
room

Room for breaking bad news away from
work area.

Single-use room only with soft furnishing and
absence of medical equipment.

Availability of
service

5 day opening during office hours. 7/24 opening and service provision with full
staffing and daily scan support.

Competence of
scanning

Recognized ultrasound training and RCOG/
BMUS preceptor assessment and validation.
Register of staff competent at scanning.

Lead clinician. Presence of RCOG/BMUS trainer
in EPU.
Annual assessment of audited activity.

Blood hCG level
measurement

Laboratory access to blood hCG
measurement and result within 48 hours of
sampling.

Same-day sampling and result with electronic
result link to laboratory.

Written information
leaflets

Visible open access to written information
leaflets in EPU.

Online external access to PIL.

Acknowledgment
of privacy and
dignity

To provide individualized patient support
and acknowledge confidentiality.

Place one to one care as best practice at all
times.

Bereavement
counseling

All staff trained in emotional aspects of early
pregnancy loss.
To enable access to counseling and
provide immediate support.

To provide all emotional and psychological
counseling requirements within EPU and
supported by dedicated staff and related
agencies.

Site of EPU Geographically separate from all maternity
areas.

Own EPU entrance/exit.

Chapter 1 Early pregnancy – models of healthcare
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and detail the event; for example, in case of fetal
demise at 8 weeks, define it as fetal death at 8 weeks
gestational age. In this way, possible pathophysio-
logical mechanisms may be postulated and studied.
Historically, clinicians have grouped all pregnancy
losses that occur at a gestational age prior to theoret-
ical viability under the umbrella of “abortion.”

Between 1% and 2% of fertile women will experi-
ence recurring miscarriage (RM) [17]. Recently,
among researchers in the field of RM, it has been
recognized that the classification of pregnancy loss is
more complex as the developing pregnancy undergoes
various important stages, and different pathology at
the time of pregnancy loss is exhibited at these differ-
ent stages. As the majority of RM cases following
investigation are classified as idiopathic [17], it is gen-
erally accepted that within the idiopathic group there
is considerable heterogeneity and it is unlikely that
one single pathological mechanism can be attributed
to their RM history. Furthermore, there is consider-
able debate about cause and association as the exact
pathophysiological mechanisms have not been eluci-
dated. Current research is directed at theories related
to implantation, trophoblast invasion and placenta-
tion, as well as factors which may be embryopathic.

No identifiable pregnancy on ultrasound examin-
ation in combination with a positive urine or serum
beta hCG pregnancy test is named a pregnancy of
unknown location (PUL). Biochemical pregnancy
loss is a better description than trophoblast in regres-
sion or preclinical embryo loss. After ultrasound
identification of pregnancy a miscarriage can be clas-
sified as early, before 12 weeks or late, after 12 weeks.

Heterotopic pregnancy is a combination of an
intrauterine pregnancy and an ectopic pregnancy.

Hydatidiform mole pregnancies and partial mole
would better replaced by the term gestational tropho-
blastic disease, complete or partial.

Future direction
The revision of early pregnancy nomenclature is
both desirable and essential in raising the standard of
reporting (Table 1.2). To improve the accuracy
of observational studies it is desirable to present a
clear and consistent description of the pregnancy
event that can be universally understood by the reader.
For randomized controlled trials of treatments, it is
essential to have a clear classification of pregnancy
loss type for both fetal and very early loss events.
In addition, there is a strong argument for mandatory
karyotyping of all pregnancy losses to exclude a lethal
trisomy karyotype or triploidy. This is because, irre-
spective of treatment intervention, pregnancy loss has

Table 1.2 Commonest pregnancy loss types based on ultrasound features.

Pregnancy loss classification

Type of
loss

Typical gestation
(range in weeks)

Fetal heart
activity

Principal ultrasound finding Beta hCG
level

Biochemical
loss

<6 (0–6) Never Pregnancy not located on ultrasound Low then fall

Early
Pregnancy
loss

6–8 (4–10) Never Empty sac or large sac with minimal structures
without fetal heart activity

Initial rise
then fall

Late
Pregnancy
loss

>12 (10–20) Lost Crown–rump length and fetal heart activity
previously identified

Rise then
static or fall

Table 1.3 Pregnancy success prediction matrix [3]. Following
idiopathic recurring miscarriage, the predicted probability (%) of
successful pregnancy is determined by maternal age and previous
miscarriage history (95% confidence interval <20% in bold).

Age (years) Number of previous miscarriages

2 3 4 5

20 92 90 88 85

25 89 86 82 79

30 84 80 76 71

35 77 73 68 62

40 69 64 58 52

45 60 54 48 42
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occurred and may have been ascribed as a “false” treat-
ment failure. Recent papers testify to the high rate of
abnormal chromosome type when pregnancy loss has
occurred [16,18,19]. By actuarial analysis, the success
rate for the next pregnancy can be reasonably pre-
dicted based on maternal age and number of losses
(Table 1.3) [3].

The authors understand that a modernized clas-
sification system is not able to address every clinical
scenario but the adoption of a revised terminology
[19] is a better way forward than persisting with an
antiquated description that precedes the universal
use of transvaginal ultrasound findings or hCG
levels. High-resolution transvaginal ultrasound pro-
vides surveillance and reassurance for the majority
of women.

Conclusions
* All women with early pregnancy complications

should be evaluated in a dedicated early pregnancy
unit (EPU).

* Management of patients should be conducted by
trained and competent staff (Figure 1.1).

* Adequate facilities should exist to perform scans
and for the measurement of hCG levels.

* Algorithms should be in place to guide
management of spontaneous and recurrent
miscarriage and ectopic pregnancy.

* Patients should be offered informed choice of
management options.

* Patients should be furnished with written
information in non-medical language.

* A quiet room conducive to breaking bad
news should be located away from the work
area.

* Bereavement counseling should be offered to all
patients who suffer a pregnancy loss.

* Adherence to local and national standards should
be audited regularly.
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Chapter

2 Risk factors for miscarriage
Ruth Bender Atik, Barbara E. Hepworth-Jones and Pat Doyle

What is a miscarriage and how
common is it?
Miscarriage is the most common complication of early
pregnancy. It is defined as the spontaneous end of a
pregnancy at a time before fetal viability. In the UK the
cut-off gestation defining a miscarriage is 24 weeks
since the start of the last menstrual period (LMP).
The death of a fetus at later gestations is referred to
as a stillbirth.

Human reproduction is remarkably inefficient and
only 30–50% of conceptions survive to a live birth (see
Figure 2.1). Relatively little is known about embryo loss
before the implantation stage (which happens around
20–23 days since LMP), but it is estimated from pro-
spective studies of women attempting to conceive that
around 1 in 3 pregnancies reaching the implantation
stage will end in miscarriage[1–3]. The risk is strongly
related to time since LMP, with around 25% of preg-
nancies ending in miscarriage between implantation
and the 6th week since LMP [1–5]. Many of these
early miscarriages go unnoticed because the woman
may not know she is pregnant. After 6 weeks since
LMP, the usual cut-off for defining a clinical pregnancy,
recent epidemiological studies relying on self-report or
linkage to clinical records find prevalences of 12–20%
[6,7]. The vast majority of these occur between the 6th
and 10th week since LMP, and in the second trimester
of pregnancy (12–24 weeks since LMP) the likelihood
of a pregnancy ending in miscarriage is only between
1 and 2%. Figure 2.1 illustrates how the risk of fetal
loss varies by gestation.

The figures presented above describe the overall
picture, and it is important to note that risk of mis-
carriage varies by individual maternal, paternal and
fetal factors, which we summarize below. In this chap-
ter we concentrate on risk factors for first-trimester
miscarriage.

Why does miscarriage happen?
The causes of miscarriage are still not wholly under-
stood. This is surprising given how common, and dis-
tressing, the event is. The main explanation for this is
that miscarriage is very difficult to study: there are few
clinical registers of miscarriage, and miscarriages are
often not even recorded in medical notes. Large pro-
spective cohort studies of pregnancy are theoretically
the ideal epidemiological design [8], but these take a lot
of organization, take time and are expensive. A practical
approach, used in many studies, is to use self-reported
information, not only on the event itself but also on the
suspected risk factors. Population-based surveys which
ask the women themselves for their full reproductive
history, including fetal losses at all gestations and rele-
vant information on behaviors and exposures, are use-
ful and informative if conducted with care and with
attention to limiting potential biases.

In this chapter we summarize the current literature
on risk factors for first-trimester miscarriage. We will
concentrate on biological, social and lifestyle factors
and will include findings from the National Women’s
Health Study (NWHS), a large UK population-based
study of early miscarriage which was planned and
initiated by the authors [7,9].

Chromosomal abnormality in the fetus
There is good evidence that around a half of all mis-
carriages have some form of fetal chromosomal abnor-
mality, with those ending at earlier gestations more
likely to be affected than those ending later [10,11].
The largest single category of anomalies is autosomal
trisomies, and molecular studies have shown that
around 90% of these have their origin in maternal
meiotic errors. Errors in paternal meiosis do occur
and, for example, are responsible for 100% of mono-
somy X (Turner’s syndrome) and around 50% of XXY
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(Kleinfelter’s syndrome) cases, but these conditions
are rarer and possibly also less likely to end in mis-
carriage than other conditions [11].

Maternal and paternal age
There is clear evidence that the risk of miscarriage
increases with maternal age. Evidence from a large
Danish study of over 1.2 million pregnancies, and
from ourUK study, shows a dramatic four-fold increase
in risk between ages 20 and 40 [6,9] (see Figure 2.2).
The risk of chromosomal anomaly is known to increase
with maternal age, and this may explain much of the
increase risk of miscarriage with advancing age. But it
probably does not explain it all because there is some

evidence that miscarriages with normal karyotype also
show a trend of increasing risk with maternal age [10].
Father’s age has also been shown to be related to
increased risk of miscarriage, albeit less dramatically
than for mother’s age [9,12,13].

Previous reproductive history of the
mother
A previous history of miscarriage has been shown to
be associated with an increased risk of miscarriage in
the next pregnancy [14]. We looked at this in some
detail in our own study [9], and found that having a
miscarriage almost doubled the risk of miscarriage in
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subsequent pregnancies, with the risk increasing with
each additional miscarriage. By contrast, having a live
birth reduced the risk of miscarriage in subsequent
pregnancies by around 40% (see Table 2.1).

Although these findings may seem alarming, it is
important to consider them in the context of the overall
experience of women. Of the women aged 35 and over
in this survey, one in six had experienced one miscar-
riage, one in 25 had experienced two miscarriages, and
only one in 70 had experienced three or more miscar-
riages over their lives [9]. These data indicate that
recurrent miscarriage, although a devastating outcome
for women, is rare. The topic of recurrent miscarriage
will be covered in more detail in a separate chapter.

There is some evidence that having a previous ter-
mination for non-medical reasons appears to increase
the risk of subsequent miscarriage [9,15], although the
evidence strongly suggests that this is only for surgical
procedures, and not for medical procedures [16,17].

There is a strong relationship between infertility
and miscarriage. The loss of an embryo before or
just after implantation is probably very common,
and the effect will be an apparent inability to become
pregnant [18]. In our study, the risk of miscarriage was

strongly associated with indicators of subfertility, such
as time taken to conceive or having a fertility problem
diagnosed. For example, those who had taken over a
year to conceive had more than double the risk of
those who took less than 3 months to conceive. We
also found an increased risk of miscarriage if the
pregnancy had been conceived following treatment
for infertility [9] (see Table 2.1).

Socio-economic status
Studies have shown that risk of miscarriage varies by
socio-economic position, but the trends are unclear [19]
andmost probably relate to exposure to environmental,
occupational or behavioral risk factors [20] which we
explore further in the sections below. In the NWHS we
did not find any clear evidence of an effect of social class
on risk, either whenmeasured by the husband/partner’s
occupation or by the woman’s own. There was, how-
ever, some suggestion of a shallow increasing trend in
risk with increasing educational attainment, the oppo-
site trend to that predicted. Interestingly, the risk of
miscarriage was increased by around 73% if the couple
were not married or living together, compared with
those who were married or living together [9].

Table 2.1 Summary of main findings from the National Women’s Health Study [7].

Factors associated with increased
risk of first-trimester miscarriage

Factors associated with decreased
risk of first-trimester miscarriage

No evidence of association with
risk of first-trimester miscarriage

Socio-demographic factors
Maternal age over 35 years
Not living with the father of the baby
Pre-pregnancy BMI
Being underweight
Obstetric factors
Previous miscarriage
Previous termination of pregnancy
Longer time to conception
Infertility problems, particularly tubal
infertility

Assisted conception
Indicators of stress
Being stressed or anxious
Experiencing one or more stressful/
traumatic events
Having a stressful job
Alcohol
Regularly drinking alcohol
High alcohol consumption
Paternal factors
Changing partners
Paternal age over 45 years
Other factors
Bleeding during sexual intercourse

Obstetric factors
Previous birth
Nausea
Vitamins and diet
Taking vitamins (in particular folic acid, iron

and multivitamins)
Eating fresh fruit and vegetables daily
Eating dairy products daily
Eating chocolate daily
(Possibly eating white meat and fish twice
weekly or more)

Indicators of wellbeing
Feeling happy and relaxed
Planned pregnancy
Air travel
Sexual intercourse (no bleeding)

Socio-demographic factors
Social class
Education
Obstetric factors
Pregnancy order (after accounting for

previous pregnancy outcome)
Short pregnancy interval
Pre-eclampsia in previous pregnancies
Work
Full-time work
Sitting or standing for 6 hours or more per

day at work
Lifting heavy objects or people at work
Diet
Eating red meat, eggs, soya products and

sugar substitutes
Caffeine consumption (after accounting

for nausea)
Smoking and alcohol
Smoking
Moderate and occasional alcohol

consumption (after accounting fornausea)
Exercise
Strenuous exercise
Paternal smoking and alcohol
Paternal pre-conceptual alcohol
Paternal pre-conceptual smoking (and

during the first 12 weeks)
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Pre-pregnancy weight
Obesity before, as well as during and after, pregnancy
has been highlighted as a major health issue in the
developed world [21,22]. However, recent studies of
miscarriage have emphasized the relationship with thin-
ness, or low body mass index (BMI) [9,23,24]. This
finding, although perhaps surprising at first sight, is
biologically plausible and understandable when we con-
sider the huge energy demands of pregnancy and breast-
feeding. In the NWHS, women who were underweight
at the start of their pregnancy (BMI less than 18.5) had a
75% increased risk compared with those who were
within the normal BMI range. Those who were obese
(BMI 30 or more) did not have an increased risk [9].

Diet
There have been very few studies of diet in relation to
miscarriage, but those that have been conducted have
confirmed lower risks in women whose diets during
early pregnancy were rich in green vegetables, fruit,
milk, cheese, fish [9,25] and white meat [9]. Evidence
for an effect of vitamin supplementation, particularly
folic acid, on miscarriage risk is conflicting, but the few
studies that adjust for confounding support a protective
effect [9,26]. In the NWHS, taking vitamins reduced the
risk of miscarriage by almost 50%. Compared with
those taking no vitamins, women who took folic acid
alone also had almost half the risk of miscarriage [9].

Caffeine intake
Much has been written recently about the relationship
between miscarriage risk and caffeine intake during
pregnancy through coffee, tea, other caffeinated
“energy” drinks, or chocolate [27–31]. But researchers
have been concerned about the methods used in these
surveys, including inaccurate recall or measurement
of caffeine intake. Another important issue is the fact
that nausea in pregnancy – which is an indicator of
a successful ongoing pregnancy – may reduce coffee
drinking and thus explain the effect seen [29,30]. In
other words, it may be that the mothers with viable
pregnancies have a lower level of caffeine intake,
rather than mothers whose pregnancies are non-
viable having a higher intake. In the NWHS we
found a dose–response effect of estimated caffeine
consumption during pregnancy on miscarriage risk,
which disappeared when we controlled for the effect
of nausea, indicating no independent effect of caffeine
intake in our study [9].

Alcohol intake
Mother
Although high miscarriage rates have been reported for
alcoholic women, the association between lower levels
of maternal alcohol consumption and miscarriage is
much less clear [27,32–41]. Two fairly recent studies
from Denmark produced apparently contradictory
findings: one reported that drinking in pregnancy, at
10 or more drinks per week, increased the risk by 2–3
times [39], but the other found no effect of binge
drinking (five or more drinks on one occasion) on
miscarriage [41]. The NWHS did not find an effect for
moderate drinking (less than once a week), but there
was evidence of an effect at drinking levels higher than
this – most notably for those drinking every day [9].

Father
Despite concern from animal studies about possible
damaging effects of alcohol on semen characteristics,
there is no convincing evidence to date that alcohol
intake in the father increases the risk of miscarriage in
offspring [9,32,33].

Smoking
Mother
Despite awidespreadbelief that smokingbeforeorduring
pregnancy increases the risk of miscarriage, the evidence
is in fact inconsistent [34,42–46]. This probably reflects
differences in methodology, especially with regard to
measuring smoking and the ability of the study to take
confounding factors into consideration. In theNWHSwe
did not find strong evidence for a link between smoking
in early pregnancy and risk of miscarriage [9].

Father
The evidence here is more consistent. The few studies
that have examined paternal smoking around the time
of early pregnancy have not confirmed an effect on
miscarriage risk [9,42,44,47].

Physical and psychological stress
Evidence to link the classic occupational physical
stressors of lifting, standing, noise and cold with mis-
carriage is not very strong [48,49]. The NWHS did
not find evidence for a link between prolonged stand-
ing or lifting heavy objects in early pregnancy and
miscarriage, and indeed found no impact of working
in any capacity during pregnancy [9]. Two studies
from Scandinavia have reported that exercise early in
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pregnancy [50], or physical strain of any type around
the time of implantation [51], is associated with an
increased risk of miscarriage, but the NWHS did not
find an association between strenuous exercise in preg-
nancy and risk of miscarriage [9].

A very clear finding from the NWHS was the
impact of stressful life events, a stressful job situa-
tion, and feelings of anxiety and depression on the
risk of miscarriage [9]. Feelings of wellbeing were
protective, which may explain the apparent reduced
risk associated with having sexual intercourse during
pregnancy [9]. Other literature has reported similar
findings [24,52–54], and a recent study has con-
firmed a link between the level of maternal cortisol
(the “stress” hormone) in the first 3 weeks following
conception and probability of miscarrying that preg-
nancy [55].

How can women and their partners
be advised about miscarriage?
There remain many questions about risk factors for
miscarriage and further good quality research is essen-
tial before it is possible to give unequivocal advice. In
the meantime, how can advice be given to women and
their partners in order to give their pregnancies the
best possible chance of success, especially when studies
continue to be reported in the lay media and often
cause anxiety and concern? The next section of this
chapter, based on the information in the earlier sec-
tion, will look at this issue, including consideration of
emotional reactions and strategies for coping.

The concept of risk
The concept of risk is generally poorly understood, yet it
is essential in order for relevant information to be
imparted and acted upon. It is also crucial in order to
reduce self-blame and guilt should the pregnancy
miscarry.

It is important to stress that increased risk does not
equate to cause. It may be helpful to give relevant exam-
ples of increased risk and cause, for example heavy
smokers who never develop smoking-related diseases
and light smokers who do. This is further complicated
in the case of miscarriage as it is usually not possible to
find a definite cause, so it is generally not possible to
correlate miscarriage with a specific risk factor.

Those who experience miscarriage are generally
eager to discover a cause, especially if it can reduce
the risk in future pregnancies. Many find it hard to
accept the usual protocol of investigations after three
miscarriages and seek medical investigations after one
or two miscarriages. In reality, however, identifying a
specific problem is more likely to mean an increased,
rather than a decreased risk.

Which risks to discuss?
This needs to be tailored to the individual patient.
Many of the potential and actual risk factors for mis-
carriage cannot be changed, so it may be important to
provide a realistic picture of the likelihood of success
of subsequent pregnancies. This should include sensi-
tive but realistic discussion of immutable factors such
as parental age and pregnancy history (Table 2.2).

Table 2.2 Factors affecting the risk of miscarriage and over which there is little or no control.

Factors associated with increased risk

Being over 35. The risk is greatest for women over 40, who are five times more likely to miscarry than those aged 25–29

Having one or more previous miscarriages

Having a termination for non-medical reasons

Time to conceive. Women who take more than a year to conceive are twice as likely to miscarry as those who conceive within 3 months

Fertility problems, particularly those affecting the fallopian tubes

Assisted conception

Father over 45

Factors associated with reduced risk

A previous live birth

A planned pregnancy

Nausea in early pregnancy
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It may be equally important to concentrate discus-
sion on those factors over which there is some control,
such as consumption of vitamins and fresh fruit and
vegetables during the pregnancy, reducing drinking or
reaching a BMI of at least 18.5 if underweight
(Table 2.3). Consideration may also be given to dis-
cussing factors which may cause concern, but for
which either there is no evidence of effect on risk,
either negative or positive (Table 2.4) or where evi-
dence is contradictory and/or weak (Table 2.5)

Emotional reactions
Miscarriage can be a very unhappy and frightening
experience. For many women, and their partners too,
it represents the loss of a baby and the accompanying
hopes, plans and dreams for that child. This can be

true whether the miscarriage occurs early or late in the
pregnancy and feelings of grief and loss may be con-
siderable whatever the gestation. A range of personal,
social and cultural factors, including previous preg-
nancy or fertility history, can also influence the emo-
tional response to miscarriage.

For many women and their partners, miscarriage
comes as a complete shock. Many will have spent years
successfully controlling their fertility and thus assume
that conception and pregnancy are also within their
control. They may not know the true incidence of mis-
carriage or which of the reported risk factors – caffeine,
age, air travel, diet – really do pose a risk. Even if they
do, they rarely expect miscarriage to happen to them.

Women who have previously experienced miscar-
riage, especially repeated miscarriages, may have a
heightened awareness of the risk of miscarriage.
Many will be particularly anxious during pregnancy,
especially in the weeks leading up to the gestation of
their previous loss. But they too may be shocked by a
recurrence, particularly if they passed their “vulner-
able” date or already had a positive scan result – or,
indeed, if they received treatment before or during the
pregnancy for a diagnosed condition, such as anti-
phospholipid syndrome.

Table 2.4 Factors which do not appear to affect the risk
of miscarriage.

Pregnancy order i.e. whether it is a first or later pregnancy

Having a short interval since the last pregnancy

Having pre-eclampsia in a previous pregnancy

Eating red meat, eggs, soya products and sugar substitutes

Working full time

Work involving moderate physical activity

Partner’s alcohol consumption in the 3months before conception

Partner’s smoking either before conception or during the
pregnancy

Sex – as long as there is no bleeding

Air travel

Table 2.3 Factors affecting the risk of miscarriage and over which there may be control.

Factors associated with increased risk

Being underweight, with a body mass index of less than 18.5 before pregnancy

Regular/heavy drinking. Risks are highest for women who drink every day and/or more than 14 units a week

Stress. Women under continuing stress (e.g. having a very stressful or demanding job) aremore likely tomiscarry. It may be possible to reduce
some sources of stress e.g. moving jobs

Factors associated with reduced risk

Taking vitamins, particularly folic acid, iron or multivitamins containing them

Eating fruit and vegetables, dairy products and chocolate on most days and (possibly) eating fish or white meat twice weekly or more

Feeling happy, relaxed and in control

Table 2.5 Factors where evidence of an associated increased
risk appears contradictory and/or weak and where precaution
may best be advised.

Caffeine

Being overweight or obese

Smoking

Strenuous exercise
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Was it something I did?
In many cases, one of the first questions asked after
miscarriage isWhy did it happen? It is an understand-
able and common reaction to many medical problems.
We seek to make sense of what has happened, to find
an explanation, a clear cause and thus, potentially, a
cure or at least a guide to preventing a recurrence. In a
small minority of cases, you may be able to provide an
answer but for most, the question remains unan-
swered. In the absence of an explanation, however,
most women will seek to provide one, for example:

ACCEPTANCE: There must have been something the

matter with the baby – these things happen.

BLAME: It might be because I didn’t get a scan early

enough, didn’t get good care etc. . . .

GUILT/SELF-BLAME: It must be my fault – something

I did or didn’t do.

The third reaction, guilt, is the most common.
Whether they are informed by friends and family,
the media, Internet sites, medical and/or patient infor-
mation, women cite a wide range of possible causes.
High on the list are exercise, heavy lifting, eating spicy
food, workplace stress, electromagnetic fields (pylons
and mobile phone masts), drinking coffee and a pre-
vious termination. Some think that negative thoughts
and feelings about the pregnancy, such as considering
a termination, may have caused their miscarriage. If
these or any other known risk factors apply, they will
be seen as a likely cause.

Information and support
When trying to make sense of cause and effect, women
and their partners may need:

CLEAR EXPLANATIONS to enable them to understand

the difference between risk and cause (it may be useful to

use other examples, such as smoking and heart disease).

CLEAR INFORMATION so they recognize what might

be in their power to change or moderate (drinking less

alcohol, eating more fruit and vegetables) and what they

cannot change (age, pregnancy history).

INFORMATION to help them understand that however

much they reduce known risk factors, some factors (such

as random chromosomal abnormalities) are beyond

their – or your – control.

ACCURATE ASSESSMENT OF MEDIA REPORTS, as

it is not uncommon for miscarriage to be featured in the

lay press, with reports usually focusing on either a newly

identified cause or a new/miracle treatment. These

reports often refer back to specialist medical literature

and it is important for health-care practitioners to

obtain the original article or consult a trusted review

source, in order to make an accurate judgment about

the validity of such reports and hence advise accordingly.

INFORMATION ABOUT INVESTIGATIONS

FOLLOWING RECURRENT MISCARRIAGE to

help reduce unrealistic expectations. Unless counseled

otherwise, most women or couples referred for

investigations will expect tests to reveal the cause of their

miscarriages and thus treatment to prevent recurrence. If

no specific cause is identified, they may be greatly

disappointed and some will continue to seek answers

elsewhere. It is important, therefore, to explain the

likelihood of identifying a cause or causes and to note

that some conditions may not be subject to change. Most

important of all is to provide reassurance – and evidence –

that having no cause identified is actually the best news

for future pregnancies, even though some patients will

find this hard to accept.

SUPPORT AND UNDERSTANDING regarding a

subsequent pregnancy/ies. This could include:

* Pre-conception care and advice (including
information on maternal and paternal age).

* Access to early scanning if requested.
* Someone to talk to: health professional, counselor

or support organization.

Levels of stress and anxiety in pregnancy after miscar-
riage are often high. There is good evidence that “ten-
der loving care” for couples with idiopathic recurrent
miscarriage can improve pregnancy outcomes [56,57].
It is noteworthy that in both studies cited here, the offer
of open access for scanning and support in pregnancy
after miscarriage was often enough in itself; it was not
necessarily taken up.

REFERRAL for further support, care and/or information

in the short and longer term, especially with help in

coping with guilt and managing anxiety. This may

include support in deciding whether or not to try again.

Coping strategies when dealing with risk
Emotional reactions vary widely and so will coping
strategies. For some people, actively changing factors
over which there may be at least some measure of
control may provide a coping strategy. Focusing on,
for example, eating a healthy diet, taking vitamins,
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reaching a BMI of at least 18.5 if underweight, or
delaying trying to become pregnant until stressful
events are over may provide a sense of control. This
measure of control may be fragile; it may be necessary
to provide additional information and support
(or signpost appropriate sources) in the event of threat-
ened or actual pregnancy loss or recurrent miscarriage.

Dealing with stress
There is increasing evidence that emotional wellbeing
may be related to risk of miscarriage. Stress and trau-
matic events appear to increase risk and feeling relaxed
and happy appears to decrease the risk. Risk appears to
be greater with an increasing number of stressful or
traumatic events, such as having a generally stressful
or demanding job, loss of job/job insecurity (self or
partner), separation or divorce, serious financial prob-
lems, accident, serious illness of self or someone close
or death of someone close.

In some cases, it may be appropriate to suggest
waiting for a while before conception in order to
reduce the risk of miscarriage as much as possible,
for example after a specific event such as a bereave-
ment; or it may be possible to suggest changes to
reduce stress, for example changing to a less stressful
job. However, when advising in early pregnancy or
where the stress is likely to persist for a long period,
such as long-term illness of a close relative, and
acknowledging the stress inherent in pregnancy after
miscarriage, it is important to put the risk into context
and to highlight other ways to minimize risk, for
example taking vitamins and eating a healthy diet.

Summary
First-trimester miscarriage is a common but distress-
ing occurrence. Most people seek an explanation of the
cause of their miscarriage and treatment or guidance
to prevent a recurrence. Efforts to gather research
evidence have been hampered in the past by methodo-
logical difficulties and the lack of understanding by
health professionals that at least a proportion of mis-
carriages are preventable. While there is much that
remains unclear, recent good quality research has
highlighted several biological, behavioral and lifestyle
risk factors for first-trimester miscarriage. The provi-
sion of accurate and up-to-date information on these
risk factors, together with support and guidance in
subsequent pregnancies, can make a positive differ-
ence to the physical and emotional health of miscar-
riage patients.
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Chapter

3 Ectopic pregnancy
Emma Kirk and Tom H. Bourne

More than 10 000 ectopic pregnancies are diagnosed
annually in the UK [1]. Although women may still
present with the classic triad of symptoms: pain, vagi-
nal bleeding and a period of amenorrhea, more
women are now asymptomatic at the time of diagno-
sis. This has led to changes in the diagnosis and man-
agement of ectopic pregnancy in recent years.
Historically, ectopic pregnancies were diagnosed and
managed surgically in symptomatic women. The
majority of ectopic pregnancies are now diagnosed
non-surgically often in asymptomatic women, with
the majority visualized on ultrasound prior to treat-
ment. Management has also changed to reflect this
with expectant and medical management now recog-
nized alternatives to surgical management in appro-
priately selected women.

Types of ectopic pregnancy
The majority of ectopic pregnancies occur within the
Fallopian tube, with most implanted in the ampullary
region [2]. Around 5% are non-tubal but they contrib-
ute to a disproportionate number of serious compli-
cations due to their anatomical location [3]. Interstitial
ectopic pregnancies have been reported to account for
between 1–6% of all ectopic pregnancies [4,5]. Ovarian
pregnancies have an incidence of between 0.5–3.0% of
all ectopic pregnancies [6]. Both cervical and abdomi-
nal pregnancies are rare and each account for less than
1% of all ectopic pregnancies [7,8]. Cesarean section
scar pregnancy is considered to be the rarest form of
ectopic pregnancy [9]. However, it has been reported
to comprise 6% of all ectopic pregnancies in women
with a previous cesarean section scar [10].

Risk factors
A number of risk factors have been identified for
ectopic pregnancy. These are detailed in Table 3.1. It

is thought that a third of cases are caused by tubal
infection or previous surgery [11]. The most common
pathogen is Chlamydia trachomatis, although other
organisms such as Neisseria gonorrhoeae may be
responsible. Another third of cases are associated
with smoking [11]. The exact mechanism whereby
smoking has an effect is unknown but may include a
combination of delayed ovulation, altered tubal and
uterine motility and altered immunity. The risk of
ectopic pregnancy also increases with advancing
age [12]. This may be a reflection of a higher proba-
bility of exposure to most risk factors, an increase in
chromosomal abnormalities in trophoblastic tissue
and age-related changes in tubal function delaying
ovum transport and resulting in tubal implantation.

Diagnosis

Surgical diagnosis
Historically, ectopic pregnancies were diagnosed at
the time of surgery and today some are still not
diagnosed until a laparoscopy or laparotomy has
been performed. Macroscopically there may be
hemoperitoneum, with a distended fallopian tube.
Microscopically there will be chorionic villi within
the tube. There may also be signs of rupture of the
tube. However, although laparoscopy or laparotomy
is thought to be the gold standard for diagnosis, not
all ectopic pregnancies will be diagnosed at the time
of surgery. Some may initially be missed due to their
small size or anatomical location. Histological confirm-
ation may also not be possible due to a failure to obtain
any tissue.

Ultrasound diagnosis
Transvaginal ultrasound (TVU) has now become the
diagnostic technique of choice for ectopic pregnancy.
Previously, ultrasound was used as a technique to
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exclude an intrauterine pregnancy. Now TVU is
used to diagnose an ectopic pregnancy by positively
visualizing an extrauterine pregnancy. Using trans-
abdominal ultrasonography (TAS) an intrauterine
sac can be visualized when the hCG is >6500 U/L
[13]. However with TVU an intrauterine sac should

be visualized with hCG levels as low as 1000 U/L [14].
A number of studies have assessed the performance
of TVU for the diagnosis of ectopic pregnancy. It
has been shown to have an overall sensitivity of
87.0–99.0% for the detection of ectopic pregnancy
[15–18]. However, results must be interpreted with
caution as the diagnostic ultrasound examinations
reported in these studies were often performed
immediately prior to surgery and were not the only
ultrasound examinations performed. A more recent
study has shown that it should be possible to diagnose
nearly 75% of ectopic pregnancies on the initial
TVU examination performed at the time a patient
first attends the clinic [19]. The other cases may ini-
tially be classified as a “pregnancy of unknown loca-
tion” (PUL) and the majority of these with an ectopic
pregnancy will have them visualized on subsequent
ultrasound examinations. The reason why some ectopic
pregnancies are missed on the initial TVU has been
studied. It would appear that these ectopic pregnancies
are just too small and too early in the disease process to
be seen on the initial TVU [20]. In this study at the
time of the initial TVU, women with ectopic pregnan-
cies classified as a PUL had a significantly lower
reported mean gestational age and mean hCG levels
compared with those women who had their ectopic
pregnancies visualized on the initial TVU [20].

Specific criteria for the ultrasound diagnosis of
the different types of ectopic pregnancy have been
described (Figure 3.1). However, although not diagnos-
tic, other findings may also suggest the presence of an
ectopic pregnancy. There may be anechoic or echogenic
free fluid within the pelvis. Whilst anechoic fluid is
unlikely to be significant, finding echogenic fluid within
the Pouch of Douglas or Morison’s Pouch may suggest
hemoperitoneum secondary to a ruptured ectopic preg-
nancy or a tubal miscarriage, but it may also be seen
with rupture of a hemorrhagic ovarian cyst. The finding
of a collection of fluid within the endometrial cavity
often referred to as a “pseudosac” is also widely dis-
cussed. However with TVU it is rarely difficult to dis-
tinguish this from an early intrauterine gestational sac,
which is seen as an eccentrically placed hyperechoic ring
within the endometrial cavity.

Management

Surgical management
Historically, laparotomy with salpingectomy was
the standard treatment for ectopic pregnancy.

Table 3.1 Risk factors for ectopic pregnancy [12].

Risk factor Adjusted OR
(95% CI)

OR (95% CI)

High risk

Previous tubal
surgery

4.0 (2.6–6.1) 4.7–21.0

Sterilization 9.3 (4.9–18.0)

Previous ectopic
pregnancy

8.3 (6.0–11.5)

Diethylstilbestrol
exposure

5.6 (2.4–13.0)

Current use of an
IUCD

4.2–45.0

Documented tubal
pathology

3.7 (1.2–4.8) 3.8–21.0

Moderate risk

Infertility 2.1–2.7 2.5–21.0

Previous genital
infections

2.5–3.7

Multiple sexual
partners

2.1–2.5

Previous
termination

2.8 (1.1–7.2)

Previous
miscarriage

3.0 (>2)

Age> 40 2.9 (1.4–6.1)

Slight risk

Previous pelvic/
abdominal surgery

0.9–3.8

Ruptured appendix 1.8 (1.2–2.7)

Cigarette smoking 1.7–3.9 2.3–2.5

Vaginal douching 1.1–3.1

Age< 18 years at
first intercourse

1.6

OR = odds ratio; CI = confidence interval; Adjusted OR = adjusted
for previous pelvic infection, smoking, area, level of education and
age; IUCD = intrauterine contraceptive device.
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Salpingostomy was then first performed in the 1950s
[21] and in the 1970s laparoscopic procedures for the
treatment of ectopic pregnancies were introduced
[22,23].

Laparoscopic surgery has been shown to be super-
ior to laparotomy, making it the surgical approach
of choice. However, in the case of a hemodynamically
unstable woman, surgery should be by the most
expedient method, which in some cases will be lapar-
otomy [24]. Reduced operating times, hospital stays,
blood loss and analgesic requirements as well as
shorter convalescence times and lower costs have
been demonstrated in those undergoing laparoscopic

procedures [25–29]. In these studies, subsequent
intrauterine pregnancy rates were also found to be
similar and there was a trend toward a lower repeat
ectopic pregnancy rate if the laparoscopic approach
was used.

There are some cohort studies that have com-
pared laparoscopic salpingectomy with salpingos-
tomy [30–33]. In one study of 266 women who
were trying to conceive, the cumulative intrauterine
pregnancy rate was found to be significantly higher
after salpingostomy (88%) than after salpingec-
tomy (66%) [33]. No difference was found in the
recurrence rate of ectopic pregnancy between the

Type Criteria 

Tubal 
An empty endometrial cavity with: (1) an
inhomogeneous adnexal mass or (2) an empty
extra-uterine sac or (3) a yolk sac or fetal pole
cardiac activity in an extra-uterine sac. 

Interstitial 

An empty endometrial cavity with products of
conception located outside  of the endometrial  
echo, surrounded by a continuous rim of
myometrium, within the interstitial area. 

Cervical 
An empty endometrial cavity, with a gestational 
sac present below the level of the internal os. An
absent “sliding sign” and visible blood flow around
the gestation sac using color Doppler.  

Cesarean section scar 
An empty endometrial cavity and cervical canal 
with a gestational sac implanted within the lower
anterior segment of uterine wall, with evidence of
myometrial dehiscence.   

Ovarian No specific ultrasound criteria have been
described, with ultrasound findings described in
individual case reports.  A study on six cases of 
ovarian pregnancies, reported that on ultrasound,
these pregnancies appear as on or within the
ovary as a cyst with a wide echogenic outside
ring.     

Figure 3.1 Sonographic criteria for the
diagnosis of ectopic pregnancy.
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treatments (16% vs 17%). In cases of contralateral
tubal pathology, the chance of a future pregnancy
was low. From this and other studies it seems rea-
sonable to conclude that conservative surgery is
superior to salpingectomy, although the condition
of the other tube is important in determining the
likelihood of a subsequent pregnancy.

However with salpingostomy, there is a risk that
not all the functional trophoblast is removed.
Persistent trophoblast has been reported in up to
8.1–8.3% of cases after laparoscopic salpingostomy
and in 3.9–4.1% of cases after open salpingostomy
[34–36]. It is therefore necessary to identify women
with persistent disease by monitoring the post-
operative hCG levels. There are no agreed protocols
for the timing of hCG level measurements and when
treatment should be instituted if levels fail to
decrease. Treatment is, however, most commonly
with a single dose of systemic methotrexate (see
below). The ESEP study is currently under way
with the aim to reveal the trade-off between both
surgical options: whether the potential advantage of
salpingostomy, i.e. a better fertility prognosis as
compared with salpingectomy, outweighs the poten-
tial disadvantages, i.e. persistent trophoblast and
an increased risk for a repeat ectopic pregnancy
[37]. It is an international multicenter randomized
controlled trial comparing salpingostomy versus
salpingectomy in women with a tubal ectopic preg-
nancy without contralateral tubal pathology.

Medical management
A number of drugs have been used for the treatment of
ectopic pregnancy including potassium chloride, pros-
taglandins, hyperosmolar glucose, mifepristone and
actinomycin D. However, the most commonly used
drug in clinical practice for the treatment of ectopic
pregnancy is methotrexate. It is a cytotoxic drug that
binds to the enzyme dihydrofolate reductase,which
is involved in the synthesis of purine nucleotides. As
a consequence it interferes with DNA synthesis and
disrupts cell multiplication. It can be used both sys-
temically and locally for the treatment of both tubal
and non-tubal ectopic pregnancies.

In the UK, methotrexate is most commonly given
systemically as a single dose (Table 3.2) [38]. This
involves giving a single dose of 50mg/m2 on the day
of presentation or diagnosis (day 1). Serum beta hCG
levels are checked on days 4 and 7 post treatment. If
the hCG level decreases by more than 15% between

days 4 and 7, hCG levels are then checked on a weekly
basis. If the hCG does not decrease bymore than 15% a
second dose can be given. The reported need for a
second dose ranges from 3–27% of cases [38,39].
Absolute contraindications to its use include pain,
signs of an acute hemoperitoneum, liver, kidney or
bone marrow impairment. Relative contraindications
include fetal cardiac activity, an ectopic mass greater
than 3 cm in diameter and an hCG level greater than
5000 U/L. It is important that any woman receiving
methotrexate is reliable, compliant and counseled
appropriately before it is administered. Side effects
from a single dose of methotrexate are rare but
include nausea, gastric disturbance, tiredness and
abdominal pain. Women should also be advised to
avoid alcohol, folic acid and sexual intercourse during
the period of treatment.

Reported success rates of single-dose methotrexate
range from 65–95% [38,40,46]. The largest single
study of single-dose methotrexate has been on 495
women with a success rate of 90% [44]. These success
rates vary due to different inclusion criteria. Some
studies include women with PULs and presumed, but
not visualized ectopic pregnancies, and women
already known to have failing pregnancies with
decreasing hCG levels. Inclusion of these women
can lead to an overestimation of the impact of metho-
trexate, as it is likely that these ectopic pregnancies
may have resolved without any intervention. Other
studies include women with fetal cardiac activity,
hemoperitoneum and high initial hCG levels who
may have been excluded from other studies. Success
is lower when there is positive fetal cardiac activity
[39]. This is probably a reflection of higher hCG

Table 3.2 Protocol for the use of single-dose methotrexate in
unruptured ectopic pregnancy.

Day Management

0 hCG, FBC, U&Es, LFTs, G&S

1 hCG
Intramuscular methotrexate 50mg/m2

4 hCG

7 hCG, FBC, LFT
Second dose of methotrexate if hCG decrease

<15 % day 4–7
If hCG decrease >15 % repeat hCG weekly until

<12 U/L

FBC = full blood count; U&Es = urea and electrolytes; LFTs = liver
function tests; G&S = group and serum storage
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levels and more active trophoblast. The presence of
a hemoperitoneum could indicate either rupture of
the ectopic pregnancy or tubal miscarriage. In the
latter one would expect methotrexate to work well as
the pregnancy has already failed. This might explain
why one study showed a success rate of 62% in hemo-
dynamically stable women with suspected ruptured
ectopic pregnancy [47].

A recent systematic review has found that there is
a substantial increase in the failure of medical man-
agement with single-dose methotrexate when the
initial hCG level is >5000 IU/L [48]. The trend in
hCG before and after methotrexate administration is
also an indicator of treatment success and a predic-
tor of possible tubal rupture. Serum beta hCG levels
that increase more than 66% over 48 hours before
diagnosis or persistently rising hCG concentrations
after methotrexate administration may lower the
threshold for surgical intervention [49]. The serum
progesterone level has also been shown to be a pre-
dictor of the outcome of methotrexate treatment. If
the serum progesterone level is more than 7–10 ng/ml
there is a greater risk of failure with single-dose
methotrexate [50,51]. A previous history of ectopic
pregnancy also appears to be an independent risk
factor for treatment failure [44]. Interestingly the
likelihood of failure is not influenced by the previous
method of treatment. In order to increase the efficacy
of methotrexate, studies have looked at the addition
of mifeprostone. A randomized study of over 200
ectopic pregnancies failed to demonstrate any benefit
except when the serum progesterone was greater
than 10 ng/L [52].

An alternative to single-dose methotrexate is the
multiple-dose regimen. This involves giving 1mg/kg
on days 1, 3 and 5 with folinic acid rescue on days
2, 4 and 6. One randomized controlled trial has
found that in selected cases methotrexate in a fixed
multiple-dose intramuscular regimen has a non-
significant tendency to a higher treatment success
than laparoscopic salpingostomy [53]. A systematic
review of over 1300 cases treated with either the
single-dose or the multiple-dose regimens found
that the multiple-dose regimen was more successful,
but associated with significantly more side effects
[54]. Side effects include stomatitis, conjunctivitis,
gastritis, bone marrow depression, impaired liver
function and photosensitivity. However, a Cochrane
review on interventions for tubal ectopic pregnancy
[55] quotes two randomized controlled studies on a

total of 159 women, which showed no significant
difference in primary treatment success between
those receiving a single dose and those receiving
fixed multiple doses [56,57]. Recently a novel-dosing
regimen of methotrexate has been proposed. This
involves giving intramuscular injections of 50mg/m2

on days 0 and day 4, with further injections on
days 7 and/or day 11 if the hCG levels do not
decrease by 15% during the follow-up period [58].
In a multicenter study on 101 women with ectopic
pregnancies, the success of this regimen was 87%.
The authors report that the treatment was well
tolerated and that most of the side effects were
reported as mild and transient. They concluded that
this two-dose protocol minimizes the number of
injections and surveillance visits compared with the
multiple-dose regimen of methotrexate and has
similar levels of treatment success [58].

Methotrexate can also be given locally, either at the
time of laparoscopy or intra-amniotically under TVU
guidance. Intra-amniotic methotrexate is more com-
monly used in the management of non-tubal ectopic
pregnancies. In 2005, Monteagudo et al. reported on
18 cases of live ectopic pregnancy (ten cervical, four
tubal, four cornual) managed with ultrasound-guided
local injection of methotrexate or potassium chloride
[59]. A commonly used regimen is intra-amniotic
injection of 25–50mg of methotrexate or intracardiac
injection of 2ml of potassium chloride [59,60].

Both single- and multiple-dose methotrexate regi-
mens have been compared with surgical treatment.
In a randomized trial involving 100 hemodynami-
cally stable women with a laparoscopically confirmed
tubal ectopic pregnancy, no significant differences
were found in primary treatment success or tubal
preservation following either multiple-dose systemic
methotrexate or laparoscopic salpingostomy [53].
When comparing single-dose systemic methotrexate
to laparoscopic surgery, two randomized studies
have shown that single-dose methotrexate is as suc-
cessful as salpingostomy in treating selected cases of
ectopic pregnancy [41,61]. One study has shown that
overall subsequent intrauterine pregnancy rates were
higher and ectopic pregnancy rates lower after
methotrexate [61]. However the issue with these
studies is one of patient selection. Patients are gen-
erally only entered into the studies if they fulfill the
criteria for medical treatment in any event. These
studies do not say that medical management is as
good as surgery for all women.
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Expectant management
Expectant management has been shown to be safe and
effective for selected women with ectopic pregnancy.
However close follow-up is required and emergency
out-of-hours back-up essential. Some units report
offering expectant management to over 60% of their
cases of ectopic pregnancy [62].

The reported success rates for expectant manage-
ment range between 48–100% [62–69]. In a study of
118 ectopic pregnancies managed expectantly, the
overall success rate was 65% (77/118) [64]. In those
with successful expectant management the initial
hCG was much lower than in those who failed expect-
ant management, 374 U/L (range, 20–10 762 U/L)
compared with 741 U/L (range, 165–14 047 U/L). The
success rate for a spontaneous resolution was 88%
when the initial hCG level was <200 U/L but only
25% at levels >2000 U/L. Similar success rates have
been shown in a more recent study, with 96% success
when the hCG was <175 U/L [62]. In most units
patients presenting with an ectopic pregnancy will
have significantly higher hCG levels than the levels
discussed in the literature and so it is hard to draw
firm conclusions about the performance of expectant
management outside a very carefully selected group
of patients.

The data must therefore be interpreted with cau-
tion as success rates vary due to different inclusion
criteria. Some include pregnancies of unknown loca-
tion (PUL) rather than laparoscopically or sonograph-
ically visualized ectopic pregnancies. Other studies
select women on the basis of hCG and progesterone
levels, which are both likely to affect the overall
success.

Lower initial hCG levels, a decreasing trend in hCG
levels over time, the absence of an ectopic gestational
sac visualized on ultrasound and a longer time from
the last menstrual period have been shown to be pre-
dictors of successful expectant management [66,70].

There are only two randomized controlled trials
comparing expectant management to other treat-
ments, and because of this, a Cochrane review has
concluded that expectant management of tubal
ectopic pregnancy cannot yet be adequately evaluated
[55]. One study involved 60 hemodynamically stable
women who were treated for 5 days with either
2.5mg/day oral methotrexate or placebo [71]. The
overall success rate was 77% with no significant dif-
ferences in primary treatment success between the
two methods, however the median baseline hCG

levels were low and the treatment used only low doses
of methotrexate. Another study on 23 cases of tubal
ectopic pregnancies with hCG levels of <2500 U/L
has shown that expectant management is significantly
less successful than prostaglandin therapy [72]. A multi-
center trial is currently underway in the Netherlands
to assess whether expectant management in women
with ectopic pregnancy or a PUL with low but
plateauing hCG concentrations is an alternative to
methotrexate treatment in terms of treatment suc-
cess, future pregnancy, health-related quality of life
and costs [73].

Expectant management is not widely used in the
management of non-tubal ectopic pregnancies. There
are however various case reports about its use and
successful outcomes in interstitial, cesarean section
scar and cervical ectopic pregnancies [74–76].

Subsequent fertility
This has been assessed directly by observing subse-
quent pregnancy rates and indirectly looking at
tubal patency on post-treatment hysterosalpingo-
grams in the case of non-surgical treatments and
salpingotomy. Ipsilateral tubal patency rates of
77–82% have been reported after treatment with
single-dose systemic methotrexate [38,77,78]. This
is comparable to tubal patency rates after linear
salpingostomy [78]. Subsequent pregnancy rates of
over 80% have been reported following systemic
methotrexate [38,79]. In one study 81% of the nat-
urally conceived pregnancies were intrauterine and
18% were ectopic pregnancies [79].

Subsequent hysterosalpingography has shown
patency for the affected tube in up to 93% of cases
of ectopic pregnancy managed expectantly [80].
Subsequent intrauterine pregnancy rates vary from
63–88% [80–83]. Repeat ectopic pregnancy has been
documented in 4–5% [80,81]. Helmy et al. (2007)
have recently shown that the risk of recurrent ectopic
pregnancy was not significantly different between
those managed expectantly and those undergoing
salpingectomy [83]. In one study of 180 ectopic
pregnancies there were similar intrauterine preg-
nancy rates in those managed expectantly (63%) to
those managed surgically (51%) [82]. Women under-
going delayed surgery due to failure of initial expect-
ant management had similar subsequent intrauterine
conception rates to those that underwent primary
surgery [82]. A recent systematic review and meta-
analysis on surgery, systemic methotrexate and
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expectant management for ectopic pregnancy con-
cluded that subsequent fertility did not differ between
the different treatments [84].

Summary
Transvaginal ultrasound (TVU) is now the imaging
modality of choice for the diagnosis of ectopic preg-
nancy. More than 90% of ectopic pregnancies should
be visualized on TVU prior to treatment. The major-
ity of these (~75%) will be visualized on the initial
TVU examination at the time the woman first
presents to the clinic. The remainder will initially be
classified as a “pregnancy of unknown location.”
Ectopic pregnancies in these women are probably
too small and too early in the disease process to be
visualized on the initial TVU. Earlier diagnosis of
ectopic pregnancy often in asymptomatic women
means that surgical treatment is not always indicated.
Medical treatment with methotrexate or expectant
management is suitable for appropriately selected
cases. Current evidence would suggest that there are
no differences in subsequent fertility rates following
the different treatments. Surgery remains an import-
ant management option for many women and the
data suggest that salpingostomy is probably the best
surgical approach, although a randomized study is
being planned to answer this question.
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Chapter

4 Ultrasound detection of congenital
uterine anomalies
Dimitrios Mavrelos and Davor Jurkovic

Introduction
Congenital uterine anomalies are relatively rare and
there is no consensus about their clinical significance
and optimal management. There is also no agreement
about the classification of various types of uterine
anomalies. Most authors follow the classification
adopted by the American Fertility Society, which
divides anomalies in seven different groups[1].
Although appealing, this classification is rather sim-
plistic and does not allow for all the variations in
uterine morphology. In addition, it does not include
the criteria for differential diagnosis of the various
anomalies as it is mainly based on the subjective
examination of findings at open surgery. As such, the
American Fertility Society Classification is not suited
well for use in modern clinical practice, where the
diagnosis of uterine anomalies is primarily made
using non-invasive diagnostic methods. Nowadays,
the assessment of women at high risk of having
uterine anomalies, i.e. those who have a history of
recurrent miscarriage or infertility, usually starts
with an ultrasound scan. The scan is used to detect
uterine morphological anomalies that could explain a
woman’s history of pregnancy losses. Ultrasound is
also used in the investigation of many women with
unrelated symptoms who, even though at low risk
for a congenital uterine anomaly, are diagnosed with
one incidentally. In this chapter we will describe the
principles of ultrasound diagnosis of uterine anomal-
ies and compare the results with other available diag-
nostic modalities.

Background
The incidence of congenital uterine anomalies in the
general population is between 0.4% and 3.2% [2–6].
They are caused by abnormalities in the embryo-
logical development of the uterus and vagina. Female

reproductive organs develop between weeks 5 and 16
of fetal life and three main stages of development
have been identified:

(1) Organogenesis: appearance after the 5th week of
gestation of bilateral Müllerian (paramesonephric)
ducts.

(2) Fusion: medial and caudal growth of the Müllerian
ducts that fuse in the midline.

(3) Septal absorption: the most cranial parts of the
Müllerian ducts form the fallopian tubes, the
caudal segments fuse to form the uterus and part
of the vagina.

The most cranial point of fusion of the Müllerian
ducts forms the uterine fundus. Should failure of
fusion occur an arcuate or bicornuate uterus is
formed depending on the point of failure. Complete
failure of fusion gives rise to a didelphic uterus.
However, if failure of septal resorption occurs, a sep-
tate or subseptate uterus is formed, depending on the
extent of failure [7–9]. Given this mechanism of
formation, varying degrees of severity exist within a
particular subtype of malformation.

Diagnosis

Two-dimensional ultrasound
Transabdominal ultrasound
The gold standard in the diagnosis of congenital uter-
ine anomalies used to be a simultaneous laparotomy/
laparoscopy and hysteroscopy to visualize the
serosal surface of the uterus and the endometrial
cavity. The surgery, however, is rather invasive,
costly and it carries a risk of complications. For
these reasons it is rarely used as a primary test to
diagnose uterine anomalies. In routine clinical prac-
tice congenital uterine anomalies are usually detected
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by hysterosalpingography (HSG), which is performed
as a part of the investigation protocols for infertility
or recurrent miscarriage. This is also an invasive
procedure, but much less so than surgery, which
requires an injection of contrast media into the uter-
ine cavity and the simultaneous exposure to radiation.
Although HSG is widely used to diagnose uterine
anomalies, there are few data describing its accuracy
and reproducibility. Some studies reported poor
accuracy of HSG in the diagnosis of uterine anoma-
lies, ranging from 20–60% in comparison to surgical
exploration [7,10,11]. This can be explained by the
fact that HSG provides good views of the uterine
cavity, but it does not allow for the imaging of the
serosal surface of the uterus. The assessment of
serosal surface of the uterus is critical for the differ-
ential diagnosis of between some common uterine
anomalies, such as bicornuate and septate uterus.
Hysterosalpingography is also unable to identify
non-patent uterine structures such as a non-
communicating rudimentary horn of a unicornuate
uterus. Given the poor diagnostic performance of
HSG investigators turned to ultrasound to improve
diagnostic accuracy. In the late 1980s Reuter et al. [11]
used transabdominal ultrasound as a second-stage
test in women suspected to have a congenital uterine
anomaly on HSG. This addition improved diagnostic
accuracy to 90% (36/40) compared with 55% for
HSG alone [11]. Despite these initially encouraging
results transabdominal ultrasound did not perform
so well when used alone as a first-line investigation.
Nicolini et al. [12] used transabdominal ultrasound
to scan 89 unselected patients being investigated
for infertility. They diagnosed a unicornuate uterus
when a small, laterally deviated uterus was seen and
septate/bicornuate/didelphic uterus when they detected
a duplication of the external contour of the uterine
corpus or when the endometrial cavity demonstrated
a septum seen as a separation of the endometrial
cavity echoes on transverse section. The sensitivity
of transabdominal ultrasound was poor (42.9%) with
fairly good specificity (97.8%). They diagnosed nine
of 15 major anomalies but missed all arcuate and
subseptate uteri (6/6). They advocated examining
patients in the luteal phase of the cycle when the
visualization may be enhanced but nevertheless
were unable to reliably examine 24 out of 69 patients,
which is a high failure rate[12]. A year later Fedele
et al. [13] used transabdominal ultrasound to attempt
to diagnose specific malformations in 39 women

with a known history of “double uterus” diagnosed
by HSG. They used the following variables to attempt
to classify these anomalies:

(1) The presence or absence of a sagittal notch in the
serosal surface of the uterus and its depth in
millimeters.

(2) The presence or absence of a sagittal notch in the
endometrial cavity.

(3) The width in degrees in the angle between the two
endometrial hemicavities.

(4) The length of the myometrial spur separating the
two hemicavities and the level of this apex.

A diagnosis of bicornuate uterus was made when the
sagittal notch in the serosal surface of the uterus was
>10mm, a sagittal notch was visible in the endo-
metrial cavity and the angle between the two hemi-
cavities was >60°. The level of the apex was used to
separate didelphic from bicornuate uteri and septate
from subseptate uteri. Using these criteria they were
able to achieve sensitivity of 92.3% with specificity
100% for the accurate characterization of congenital
uterine anomalies [13]. These results demonstrate
that even though transabdominal ultrasound can be
useful in cases where a suspicion of congenital uter-
ine anomaly exists it is not a sensitive method to
screen for congenital uterine anomalies. As we will
see later, it was the advent of high-frequency trans-
vaginal probes that paved the way for the develop-
ment of a sensitive screening test for uterine
malformations. Nevertheless clinicians should main-
tain their skill in transabdominal ultrasound as in
some cases a transvaginal scan is not practical or
possible.

Transvaginal ultrasound
Pellerito et al. [10] first used transvaginal ultrasound
in a series of 26 patients with a surgical diagnosis of
Müllerian anomaly. They managed to perform trans-
vaginal ultrasound in only 14 patients but they
showed that the accuracies of transvaginal ultrasound
and MR imaging for the diagnosis of congenital
uterine anomalies are very similar (92% vs 100%).
Both modalities performed significantly better than
HSG which correctly classified anomalies in only
29% of cases [10]. Clifford et al. [14] in a series of
500 women with recurrent miscarriage used trans-
vaginal ultrasound as a screening test for congenital
uterine anomalies. They detected nine women with
malformations, all of which were confirmed on
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hysteroscopy or HSG. This represents a low preva-
lence of congenital uterine anomalies for a high-risk
population which cast some doubts on the sensitivity
of this test. In a study of 61 women with a previous
HSG, the results of which were unknown to the
operator at the time of the scan, Jurkovic et al. [15]
found that two-dimensional transvaginal ultrasound
was able to detect all congenital uterine anomalies.
However, it was not reliable in the distinction
between the various types of anomalies because of
its inability to obtain transverse sections through the
long axis of the uterus. They concluded that two-
dimensional ultrasound is useful as a screening test
but not as a diagnostic test. In a later study by the
same group [4] of 1046 low-risk women, the useful-
ness of two-dimensional transvaginal ultrasound as a
screening test was demonstrated. In this study a
congenital uterine anomaly was suspected when
there was duplication or splitting of the endometrial
echo on two-dimensional transvaginal ultrasound
(Figure 4.1). Fifty-five women were screen positive
and a uterine malformation was confirmed in all of
them by three-dimensional transvaginal ultrasound.
Some authors have used saline infusion sonohys-
terography to improve the diagnostic accuracy of
two-dimensional transvaginal ultrasound [16–20].
These reports are contradictory as some claim that
it is not possible to distinguish between septate and
bicornuate uteri without visualization of the serosal
contour of the uterus by laparoscopy [17] whilst
others [16,18–20] claim that sonohysterography can
be 100% accurate in the diagnosis of specific uterine

anomalies. Certainly it is difficult to see how the
infusion of saline in the endometrial cavity would
improve visualization of the serosal surface of the
uterus. It is unlikely therefore the sonohysterography
would significantly improve the diagnostic accuracy
of unenhanced, two-dimensional transvaginal
ultrasound.

We believe that unenhanced two-dimensional
transvaginal ultrasound is a sensitive screening
method for congenital uterine anomalies provided
the examination is performed in a systematic way.
In our practice we advocate a careful examination
of the uterine cavity in the transverse plane in order
to detect uterine cavity malformations. A series of
parallel transverse planes are examined starting
from the level of the internal os until the uterine
fundus is reached. This will identify all duplication
anomalies as well as arcuate uteri and uterine septa.
As part of the examination we advocate a routine
visualization of both interstitial portions of the fallo-
pian tubes as the diagnosis of a unicornuate uterus is
based on the detection of a single interstitial portion of
the fallopian tube (Figure 4.2). The diagnosis is facili-
tated by the presence of pronounced uterine latero-
flexion, which is common in cases of unicornuate
uterus. If a unicornuate uterus is suspected careful
examination of contralateral adnexa is indicated as
75% will have a rudimentary cornu [21]. With good
scanning technique it is almost always possible to
ascertain whether the rudimentary cornu is commu-
nicating with the rest of the uterus and whether it
contains functional endometrium. The diagnosis of
T-shaped uterus is very difficult and is usually not
possible to achieve on two-dimensional ultrasound
scan alone. Even though two-dimensional transvaginal
scanning is a good screening method for congenital

Figure 4.1 A transvaginal two-dimensional ultrasound image
demonstrating a duplication of the endometrial cavity in the
transverse section of the uterus. This is a typical finding, which
is obtained during routine ultrasound scan in cases of
congenital uterine anomalies. This finding should prompt a –
three-dimensional ultrasound examination of the uterus to
clarify the type of congenital uterine anomaly.

Figure 4.2 Three-dimensional ultrasound images of a normal
uterus (left) and a unicornuate uterus (right). Two interstitial portions
of fallopian tube are visible in the normal uterus in contrast to a single
interstitial portion of fallopian tube in the unicornuate uterus.
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uterine anomalies it is not possible to routinely visual-
ize the serosal surface of the uterus which, as
we have seen, is an essential plane for the differentia-
tion of different anomaly types. It was the develop-
ment of three-dimensional scanning that overcame
the anatomical constraints that limit the diagnostic
power of two-dimensional transvaginal ultrasound.

Three-dimensional ultrasound
The real breakthrough in ultrasound assessment of
congenital uterine anomalies was the development of
three-dimensional transvaginal probes. This techni-
que involves the acquisition and storage of a volume
of ultrasound information which can then be analyzed
at a later date. The major advantage of this technique
is that it allows the examination of the acquired
volume in any arbitrary plane that the operator may
select (Figure 4.3). This overcomes the limitation
of conventional two-dimensional ultrasound that
allows examination of the uterus in either the longi-
tudinal or the transverse plane and which relies on
proxy indicators, such as the presence of loops of

bowel between the uterine horns [13], to assess the
serosal uterine contour. Jurkovic et al. in 1995 [15]
demonstrated that it is possible to obtain an adequate-
quality three-dimensional ultrasound volume for the
assessment of congenital uterine anomalies in up to
95% of cases. They also showed that three-dimensional
ultrasound performs very well with no false positives
or false negative results even for minor anomalies
such as an arcuate uterus compared with HSG.
However, it soon became clear that the current AFS
classification is not suitable for use with three-
dimensional scanning. The ability to examine the
uterus in great detail and to measure the extent of
the distortion of uterine anomaly required a modifi-
cation of AFS classification to include quantitative
criteria for the differential diagnoses. Woelfer et al.
in 2001 [22] published expanded criteria for the diag-
nosis for congenital uterine anomalies using three-
dimensional ultrasound. Although this modified
classification was largely based on the AFS, the use
of numerical cut-off was essential to ensure reprodu-
cibility (Table 4.1). The reproducibility of the classi-
fication was tested by Salim et al. in 2003 [23] in a
study of 89 pre-selected malformations that were
classified independently by two expert operators.
They demonstrated complete agreement between the
two operators in classifying the uteri as normal or
abnormal and did not find any significant difference
between the measurements of the two observers. To
date transvaginal three-dimensional ultrasound is
the only diagnostic modality which has been tested
for its reproducibility in the diagnosis of uterine
anomalies.

Figure 4.3 Three-dimensional transvaginal ultrasound images
of a bicornuate uterus (left) and a subseptate uterus (right).

Table 4.1 Morphological criteria for differential diagnosis of uterine anomalies using three-dimensional ultrasound.
From Woelfer et al. [22] with permission.

Uterine morphology Fundal contour External contour

Normal Straight/ convex Uniformly convex or indentation
<10mm

Arcuate Concave fundal indentation with central point of indentation at
obtuse angle (>90)

Uniformly convex or indentation
<10mm

Subseptate Presence of septum which does not extend to cervix with central
point of septum at acute angle (<90)

Uniformly convex or indentation
<10mm

Septate Presence of uterine septum that completely divides cavity from
fundus to cervix

Uniformly convex or indentation
<10mm

Bicornuate Two well-formed uterine cornua Fundal indentation >10mm
dividing the two cornua

Unicornuate with or without
rudimentary horn

Single well-formed uterine cavity with a single interstitial portion
of fallopian tube and concave fundal contour
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Raga et al. [24] in 1996 used transvaginal three-
dimensional ultrasound to examine 42 women, 12 of
which had a Müllerian anomaly confirmed by lapar-
oscopy and HSG. They confirmed the excellent sen-
sitivity of three-dimensional ultrasound for the
detection of congenital uterine anomalies. They also
correctly classified 11/12 anomalies but did not pub-
lish their diagnostic criteria and used the unmodified
AFS classification which does not include objective
diagnostic criteria. Similar results were published
by Wu et al. [25] a year later who studied 40 high-
risk women. More recently Ghi et al. [26] used
the modified criteria published by Woelfer et al.
(Table 4.1) in a series of 284 high-risk patients.
They achieved 92.4% concordance between three-
dimensional transvaginal ultrasound and endoscopy
(52/54). It should be noted that they performed
laparoscopy/hysteroscopy in cases of suspected
anomaly whilst they performed only office hystero-
scopy in cases where the ultrasound was reported as
normal. Given the inability of hysteroscopy to assess
the serosal surface of the uterus it is possible that mild
anomalies were missed on office hysteroscopy thereby
overestimating the accuracy of ultrasound.

Despite the high positive and negative predictive
value of three-dimensional ultrasound for the detec-
tion of congenital uterine anomalies all authors point
out pitfalls that may give rise to errors. Jurkovic et al.
[15] and Raga et al. [24] point out that care has to be
taken when fibroids are present in the uterus as they
may distort the uterine cavity or the serosal surface
of the uterus. Ghi et al. [26] misdiagnosed a septate
uterus as bicornuate uterus early in their patient
series. They suggest that the error was made because
the serosal surface of the uterine fundus was exam-
ined whilst the uterine body was not perpendicular
to the examination plane, giving rise to the false
impression of a cleft. This error is commensurate
with our experience and can be avoided if the oper-
ator ensures that the initial plane of examination
includes both interstitial portions of the fallopian
tubes and the internal cervical os and that the scroll-
ing plane is perpendicular to this.

Magnetic resonance imaging
Magnetic resonance imaging (MRI) has been shown
to be effective [10,27,28] for the diagnosis of congen-
ital uterine anomalies with sensitivity and specificity
up to 100%. This is because of the ability of MRI
imaging to depict the serosal surface of the uterus

and therefore allow the differentiation between
bicornuate and septate uterus. This differentiation is
not as straightforward as might be assumed as in
some cases a fundal indentation co-exists with a uter-
ine septum. Fedele et al. [28] established some arbi-
trary criteria for this differentiation, namely a fundal
indentation >10mm with an angle >60° between
the medial margins of the hemicavities. An MRI
scan may obviate the need for diagnostic laparoscopy
or laparotomy in women suspected to have a con-
genital uterine anomaly. However, MRI is not an
investigation readily available and in most hospitals
it is rationed as it is associated with a high financial
cost. It cannot therefore serve as a screening test or
first-line investigation.

Clinical consequences

Reproductive performance
The commonest uterine anomaly found in a large
screening study of an asymptomatic population was
an arcuate uterus (71%), followed by septate/subseptate
uteri (29%), bicornuate (7%), unicornuate (4%) and
uterine agenesis (2%) [4]. The main clinical conse-
quence of a congenital uterine anomaly is the effect
it can have on a woman’s reproductive performance.
Amongst women with recurrent pregnancy loss the
incidence of congenital uterine anomalies is up to
three times higher (1.8–7.2%) compared with a popu-
lation of women with no history of recurrent preg-
nancy loss [14,29–31]). However the distribution of
anomaly subtypes in women with recurrent mis-
carriage is similar to that found in women with no
history of pregnancy loss [29]. This would suggest
that symptomatic women have more severe malfor-
mations rather than a particular subtype being respon-
sible for pregnancy loss. Because the AFS classification
system is based on the subjective assessment of the
diagnosing clinician [22] and does not specify object-
ive criteria, it cannot distinguish between mild and
severe malformations within a particular subtype.
So anomalies classified by the AFS under the same
category can have different clinical consequences
in terms of a woman’s reproductive performance
which causes obvious problems when counseling
women and planning interventions [29]. In order
to identify objective factors that predict the reproduct-
ive performance of women with congenital uterine
anomalies, Woelfer et al. [22] performed a screening
study on a large group of low-risk women using

Chapter 4 Ultrasound detection of congenital uterine anomalies

33



two-dimensional transvaginal ultrasound with three-
dimensional ultrasound used as a diagnostic test.
They found that women with subseptate uteri had
a significantly higher proportion of first-trimester
miscarriages compared with women with a normal
uterus. In the same study women with arcuate
uteri had a higher rate of second trimester loss and
preterm labor. In a follow-up study, Salim et al. [29]
using three-dimensional transvaginal ultrasound
sought to further investigate objective measures of
the severity of congenital uterine anomalies. They
compared the uterine morphological characteristics
of 121 women with recurrent miscarriage to those
of 105 low-risk women who were diagnosed with
congenital uterine anomalies. They found that the
ratio of the length of the septum to the total length of
the uterine cavity (distortion index) is significantly
higher in women with recurrent miscarriage (0.60
vs 0.40 in subseptate uteri). They also found a preva-
lence of arcuate uterus of 17% among women with
recurrent pregnancy loss compared with 3.2% in
low-risk women. This study showed that not only
type, but also severity of uterine anomaly is important
when assessing the effect of uterine morphology on
reproductive outcomes. This was the first demonstra-
tion of the value of quantitative measurement in classi-
fication of congenital uterine anomalies.

Uterine anomalies in early pregnancy
Secondary effects of uterine malformations include
complications surrounding the diagnosis of pregnancy

as well as complications at the time of uterine instru-
mentation, for example for termination. With the
advent of early pregnancy scanning often the diagnosis
of a congenital uterine anomaly is made on two-
dimensional transvaginal ultrasound in the first tri-
mester. The diagnostic methodology is similar to that
for non-pregnant women but the presence of a con-
genital uterine anomaly can give rise to confusion
as to whether the pregnancy is intrauterine or not.
Misdiagnosis of an intrauterine pregnancy as an
ectopic could potentially result in termination of a
wanted pregnancy, which is a serious adverse clinical
outcome. The main difficulty is differential diagnosis
between an intrauterine pregnancy in a bicornuate/
subseptate uterus and an interstitial pregnancy.
Problems may also arise in cases of a pregnancy in
the non-communicating rudimentary horn of a uni-
cornuate uterus (cornual pregnancy). Ultrasound
diagnostic criteria to achieve these differential diag-
noses were recently published [32] (Table 4.2) but
some of these remain to be prospectively tested.
According to these criteria a pregnancy in the horn
of a bicornuate uterus is differentiated from an
interstitial pregnancy by the caliber of communication
between the pregnancy and the endometrial cavity.
In an interstitial pregnancy this communication is
narrow, representing the interstitial portion of the
fallopian tube medial to the pregnancy [33,34]; in
contrast in an intrauterine pregnancy in a bicornuate
uterus the communication is wide [35] (Figure 4.4).
A cornual pregnancy (pregnancy in the non

Table 4.2 Criteria for differential diagnosis between intrauterine pregnancy in an anomalous uterus and various forms of ectopic
pregnancy. From Mavrelos et al. [32].

Uterine
shape

Uterine
cavity

Number of
interstitial
tubes

Communication
between
gestational sac
and uterine
cavity

Myometrial
mantle
continuous
with the
uterus

Mobility Vascular
pedicle

Intrauterine
pregnancy
in
anomalous
uterus

Abnormal Abnormal 2 Wide Yes – No

Tubal
ectopic

Normal Normal 2 Absent No + No

Interstitial Normal Normal 2 Narrow Yes – No

Abdominal Normal Normal 2 Absent No – No

Cornual Abnormal Abnormal 1 Absent No ++ Yes
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communicating horn of a unicornuate uterus) can be
differentiated from a tubal or abdominal ectopic if the
following ultrasound diagnostic criteria are applied
(Figure 4.5):

(1) A single interstitial portion of fallopian tube in
the uterine corpus (unicornuate uterus).

(2) A gestation sac surrounded by myometrium.
(3) A vascular pedicle connecting the gestation sac to

the uterine corpus [32].

In a reported series of eight cornual pregnancies there
were no false positive results using these criteria.
Achieving this rare diagnosis is important not only
because of the high morbidity associated with cornual

pregnancies but also because of the different treatment
required for these different types of ectopic pregnancy
[36–38].

Congenital uterine anomalies increase the risk of
failed termination 90-fold [39] usually because the
congenital uterine anomaly is missed on ultrasound
and an evacuation of one side of the uterus only is
performed. The relatively low sensitivity of transab-
dominal ultrasound for the detection of congenital
uterine anomalies is likely to be contributing to con-
genital uterine anomalies being missed at the initial
screening ultrasound. The use of transvaginal ultra-
sound, with its higher sensitivity, at this initial screen-
ing would reduce the potential for such errors. If a
congenital uterine anomaly is detected the evacuation
should be performed under ultrasound guidance
which would ensure that the gestation sac is reached
[40].

Conclusion
The advent of three-dimensional ultrasound has
greatly enhanced our ability to diagnose congenital
uterine anomalies in an outpatient setting. It has
also enabled more detailed studies of the uterine mor-
phology and reproducible measurement of various
morphological features such as length of the septum
or depth of fundal indentation. These advancements
in diagnosis are likely to improve our understanding
of clinical significance of various uterine anomalies
and improve selection of women who are likely to
benefit from surgical correction of uterine anomaly.
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Chapter

5 Ultrasound and early pregnancy
Nicole S. Winkler and Anne Kennedy

Introduction
This book is a resource for individuals setting up, or
working in, early pregnancy assessment units (EPUs).
The goal of these units is to provide timely manage-
ment to patients in the first trimester of pregnancy.
Ultrasound is an integral part of early pregnancy
assessment; this chapter will cover normal findings in
early pregnancy, the ultrasound diagnosis of early
pregnancy failure, the spectrum of appearances of
perigestational hemorrhage and the first-trimester
evaluation of chorionicity and amnionicity in multiple
gestations.

Other chapters will discuss ectopic pregnancy, ges-
tational trophoblastic disease and sonographic detec-
tion of uterine anomalies, therefore these topics will
not be discussed in detail. As EPUs are for triage of
acute problems in the first trimester, a detailed dis-
cussion of first-trimester screening is beyond the scope
of this text. Some examples of anomalies detectable
within the first trimester are included in order to aid
with recognition and appropriate referral to specialist
centers.

Ultrasound in the first trimester can be performed
via the transabdominal (TA) or transvaginal (TV)
route. Transabdominal sonography is adequate to
confirm cardiac activity for maternal reassurance and
may adequately demonstrate perigestational hemor-
rhage but in general TV sonography is preferred for
detailed evaluation. The higher frequency of the TV
transducer results in much higher image resolution
and maternal habitus is less of a factor than for TA
imaging. One important caveat to the use of TV scans
is the patient in whom torsion is a consideration. A
large ovarian mass which has undergone torsion
may be high in the pelvis beyond the range of the
vaginal transducer. If the ovaries are not seen with
the vaginal transducer, reassessment with the

abdominal transducer will prevent delayed or missed
diagnosis of a large ovarian mass +/− torsion.

The goals of ultrasound in early pregnancy are
outlined in Table 5.1.

Normal findings in early pregnancy
A clear understanding of normal pregnancy develop-
ment is essential in order to diagnose first-trimester
complications. The first trimester is the best time to
obtain accurate dates and confirm expected date of
delivery (EDD) based on the last menstrual period
(LMP). Biological variation takes effect after the
13th week of gestation therefore in the first trimester
all normal pregnancies can be expected to develop
in a defined way. An EDD is generally revised if there
is more than a one-week discrepancy between
menstrual and sonographic dates. There are two
exceptions to this rule. If a patient is certain of men-
strual dates or has used ovulation prediction an early
size/date discrepancy may indicate early pregnancy
failure and short-interval follow-up is more appro-
priate than revision of the EDD. Another is in
patients with recurrent pregnancy loss. In our practice
we wait until an embryo is identified in order to revise
menstrual dating in this group of patients.

Sonographic signs described in very early preg-
nancy include the intradecidual sac sign (IDSS) and
the double decidual sac sign (DDSS). The DDSS was
the first sonographic sign of intrauterine pregnancy
(IUP) to be described. Following the DDSS, develop-
ment of a yolk sac within the gestation sac confirms
IUP. Thereafter, the embryo appears and demons-
tration of cardiac activity confirms the existence of
a live IUP. The term “viable,” though often used,
is inappropriate as a first-trimester embryo clearly
cannot survive independent of the mother.
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Because first-trimester pregnancies develop in a
predictable manner there are “milestones” for normal
development. These are important for serial evalua-
tion. Failure to meet milestones can allow a definitive
diagnosis of early pregnancy failure on a single scan. In
dubious cases follow-up can be arranged at an interval
such that confident diagnosis of failure vs normal
development can be made.

Normal early pregnancy milestones
Knowledge of these normal developmental milestones
is essential for the accurate assessment of patients in
the first trimester. Failure to meet any of the following
milestones is associated with failed pregnancy. A
yolk sac should be visible within a gestational sac once
the mean sac diameter (MSD) reaches 10mm on trans-
vaginal scans. An embryo should be visible when the
MSD reaches 18mm. An embryo measuring ≥5mm
should demonstrate cardiac activity. A recent study by
Aziz et al. [1] found that identification of an embryo
5mm or smaller (as small as 2mm in length) without
demonstrated cardiac activity in women with vaginal
bleeding was associated with pregnancy failure in every
case. This is a single study but worthy of repetition as,
until now, additional follow-up is recommended if the
embryo is <5mm in size. In the authors’ experience
cardiac activity has certainly been seen to develop on
follow-up of 3 and 4mm embryos in a population with
asymptomatic recurrent pregnancy loss.

The MSD reflects the mean diameter of the gesta-
tional sac. It is accurately assessed by taking measure-
ment of the anechoic sac only (without including the
echogenic rim) in three planes and taking the average
of these three measurements. The MSD increases by
about 1mm per day. The crown–rump length (CRL) is
a measurement of the embryonic length. It is the most

accurate measurement to date a pregnancy and should
be used from the initial visualization of the embryo
until about 12 weeks. Figures 5.1 and 5.2 illustrate
various normal findings on first-trimester ultrasound
and Table 5.2 summarizes normal early pregnancy
measurements and milestones.

Intradecidual sac sign
First described in 1986 by Yeh et al. [2], the IDSS
refers to the sonographic appearance seen after the
fertilized ovum implants into the decidualized endo-
metrium. Transvaginal sonography demonstrates an
echogenic ring completely embedded within thick-
ened decidua on one side of the intrauterine cavity
such that the central cavity is not yet deformed [3].
The IDSS is observed by 4–4.5 weeks post LMP. The
sensitivity and specificity of this sign in the diagnosis
of intrauterine pregnancy has been debated. The most
recent study by Chiang et al. demonstrated a sensitiv-
ity of 60–68%, specificity of 97–100% with increased
sensitivity of >80% associated with MSD >3mm or
hCG levels greater than or equal to 2000 IU/L [4].

The IDSS is not a stand-alone sign of IUP as
endometrial cysts can cause a similar appearance.
Follow-up should be obtained in all cases to ensure
progressive enlargement of the sac and development of
normal structures.

Double decidual sac sign
Two concentric echogenic rings surrounding an
anechoic sac within the endometrial cavity comprise
the DDSS. This finding is the earliest transabdominal
sign of an IUP and may be seen by 5 weeks post
LMP. The inner echogenic ring represents the decidua
capsularis and basalis, which covers the anechoic ges-
tational sac. The decidua parietalis corresponds to the
outer echogenic ring, which is made up of decidual-
ized endometrium. A thin crescent of endometrial
fluid can be seen between the inner and outer ring
up to 9 weeks gestational age when coaptation of the
decidua capsularis and parietalis occurs, obliterating
this fluid space [5]. This sign is helpful if the yolk sac
is not yet visible, however a yolk sac should be seen by
5–5.5 weeks, limiting the utility of this sign in the
diagnosis of intrauterine pregnancy [6].

Gestation sac with yolk sac
Visualization of the yolk sac confirms IUP. The yolk
sac should be visible once the MSD reaches 10mm.
This structure is seen by 5–5.5 weeks as a small round

Table 5.1 Goals of ultrasound in early pregnancy.

Is there an intrauterine pregnancy?

Is it normally located?

Is size appropriate for dates?

How many embryos are there?

Is there cardiac activity?

Is the heart rate normal?

Look for any uterine abnormality

Exclude adnexal mass
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echogenic ring within the anechoic gestational sac.
Each yolk sac has a corresponding amnion and though
the amnion has already developed at this point, it is
more difficult to see. The normal yolk measures 6mm.
It is visible between the amnion and chorion until
about 14 weeks when it is obliterated by the coaptation
of the membranes.

A focal thickening on one part of the circumfer-
ence of the yolk sac represents the earliest sonographic
evidence of embryonic development, sometimes
described as the “diamond ring” sign in which the
ring is the yolk sac and the embryo is the diamond.

Visualization of the amnion
The amnion is seen as a thin, delicate membrane
inside the echogenic chorionic ring. The amnionicity

is equal to the number of yolk sacs in multiple gesta-
tions. By 14–16 weeks the membranes are no longer
visible as separate layers. Amniotic fluid is produced
by the membranes in the first trimester and renal
function does not account for the majority of
fluid volume until 16–17 weeks. Amniotic fluid is
anechoic but the fluid around the amnion, between it
and the chorion, is proteinaceous and may appear
quite echogenic. This extra embryonic coelomic
space is normal and should not be confused with
perigestational/subchorionic hemorrhage in which
there is bleeding deep to the chorion.

Normal embryonic development
An embryo should be seen when the MSD reaches
18mm. The “diamond ring sign” describes the

A

C

B

D

Figure 5.1 Normal very early pregnancy.
A. The small echogenic ring burrowed into the decidualized endometrium is the earliest sign of IUP on TV sonography. This is the intradecidual

sac sign (IDSS).
B. The next stage of development, the double decidual sac sign (DDSS), occurs as the gestation sac enlarges. The decidual capsularis (DC)

creates one echogenic ring and the decidua parietalis (DP) creates the second. The decidual basalis (DB) is also noted.
C. The double bleb appearance is created by the yolk sac (Y) beside the amniotic sac (A). The embryo lies between the two “blebs” and

the echogenic material surrounding the amniotic sac is the proteinaceous fluid in the extra-embryonic coelomic space.
D. As the pregnancy progresses, the embryo enlarges and lies within the amniotic cavity. A = amniotic membrane. The yolk sac (Y) lies

outside the amniotic cavity. The asterisks show how to measure the crown–rump length. The yolk sac should not be included in the
measurement which should be obtained through the longest axis of the embryo.
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A

C
D

E

B

Figure 5.2 Normal early pregnancy at 9–13 weeks.
A. By 9 weeks the embryo has a recognizable “head end” seen adjacent to the yolk sac (Y) and the limb buds are also enlarging. The embryo is

clearly within the amniotic sac and the extra embryonic coelomic space (EECS) is decreasing in volume with respect to the amniotic cavity.
B. The rhombencephalon (R) is a normal precursor to the posterior fossa brain structures. This should not be confusedwith holoprosencephaly

or neural tube defect. In this case normal choroid plexus (asterisk) is seen on either side of an intact midline confirming the presence of two
cerebral hemispheres at 9 weeks.

C. In this transverse view through the torso echogenic bowel loops are seen protruding into the base of the umbilical cord; the so-called
physiological omphalocele. This appearance is abnormal after 12 weeks or when the crown–rump length is >44mm.
D. By 12 weeks the fetus is recognizably human with head, chest, abdomen and extremities all easily visible even on transabdominal scans.
E. This is a 13 week fetus; note that it is possible to count fingers even at this early stage. E = elbow, F = forearm, M = mouth. The fingers

are in plane and the thumb is partly adducted, therefore not seen in its entirety in this image.
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sonographic finding of an early embryo (diamond) as
an echogenic focus atop the yolk sac (ring). An embryo
with a CRL ≥ 5mm should demonstrate cardiac activ-
ity by TV ultrasound. The trilaminar embryo is a
linear structure which lies between the amnion and
the adjacent yolk sac, creating the “double bleb” sign.
As the embryo enlarges it first becomes C-shaped
then undergoes rapid growth and a complex folding
process which results in development of the neural
tube and closure of the anterior abdominal wall. The
limb buds develop by 9 weeks and the hands and feet
are fully formed by 13 weeks. Physiological bowel
herniation occurs because the growth of the gastro-
intestinal tract exceeds the capacity of the peritoneal
cavity and bowel herniates into the base of the umbil-
ical cord. The bowel rotates 270 degrees and returns to
the abdomen by 11 weeks. This normal process should
not be confused with omphalocele or gastroschisis.

Placental development
The placenta arises from the chorion frondosum
which develops as focal thickening in the wall of the
chorionic sac. This process starts at 8 weeks. Normal
placenta thickness is about 1mm per week gestational
age. The umbilical cord normally inserts into the
center of the chorion frondosum.

First trimester findings in multiple
gestations
Chorionicity is the most important prognostic indica-
tor in multiple gestations therefore it is vital to make
an accurate determination of this any time a multiple
pregnancy is seen. The best time to assess chorionicity
and amnionicity is the first trimester (Figure 5.3).

After fertilization there is rapid growth of the
zygote. If two separate ova are fertilized the twins are
dizygotic. By definition, dizygotic twins are dichori-
onic. If a single zygote splits the type of twinning
depends on when the split occurs. A split within
3 days of conception results in dichorionic diamniotic
twins; each twin has a separate chorion and amnion
surrounding the embryo. When the inner cell mass
of the blastocyst splits between days 4 and 8 after
conception monochorionic diamniotic (MCDA)
twinning occurs. Chorionic tissue has already been
formed; the split results in two amnions and two
embryos. A split at days 9–13 results in monochori-
onic monoamniotic (MCMA) twinning. Chorion
and amnion have already been formed therefore the
twin embryos are inside a single amniotic sac. A
split after 13 days results in conjoined twinning of
which there are several anatomical subtypes.

The chorion is visualized as a thick echogenic
ring. The double layer of chorion and amnion creates
the “thick membrane” seen in later pregnancy. The
echogenic chorionic tissue at the base of the mem-
brane creates the “twin peak” or “lambda” sign. In
the first trimester, dichorionic twins are easily diag-
nosed based on the presence of two brightly echogenic
rings [7]. As pregnancy progresses each bright ring
should contain a yolk sac, a thin amniotic membrane
and an embryo.

Monochorionic diamniotic twins can be confused
with monoamniotic twins by the unwary. In both
types there is a single echogenic chorionic ring.
Although embryologically, the amnion forms before
the yolk sac, it is such a thin delicate membrane that
it is not easily seen. The yolk sac is a small, distinct,
round structure with an echolucent center and should
be seen within the chorion once the MSD is >10mm.
The number of yolk sacs parallels the number of
amnions. Therefore if two embryos are seen within
a single chorionic sac but two yolk sacs are also seen
the pregnancy is almost certainly monochorionic
diamniotic.

The “thin membrane” is composed of two layers of
opposed amnion. The membrane abuts the placental
surface as a “T” shape without a wedge of echogenic
chorionic tissue at the base. If only one yolk sac is
seen this increases suspicion for MCMA twins. Serial
evaluation will show that the embryos are within
one sac without an intervening membrane.

Monochorionic diamniotic twins are at risk for
specific complications such as twin–twin transfusion

Table 5.2 Normal early pregnancy milestones and
measurements.

MSD 10mm, must see yolk sac

MSD 18mm, should see embryo

Crown–rump length 5mm, must see cardiac activity

MSD increase by about 1mm per day

CRL increase by about 1mm per day

Sac diameter should be about 1 cm > CRL

Cord length approximates embryo length

MSD = mean sac diameter; CRL = crown–rump length.
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syndrome; this makes the prognosis worse than for
dichorionic twins. Monochorionic monoamniotic
twins are at risk for all of the complications of
MCDA twins as well as cord entanglement which
can result in demise of one or both fetuses. Thus
all MCDA and MCMA twins should be referred to
specialist centers as soon as the diagnosis is made.

Ultrasound findings in early
pregnancy failure
As with all patient interaction, history and physical
findings are as important as the imaging findings. In
the first trimester of pregnancy evaluation of serum
hormonal levels such as hCG and progesterone are
often useful for triage.

Progesterone is produced by the corpus luteum;
it maintains the early pregnancy until the placenta

takes over production. Low serum progesterone has
been associated with pregnancy failure and ectopic
pregnancy. Though a firm cut-off value has not
been established, multiple studies have used values
<40 nmol/L [8].

The quantitative hCG is defined as the serum level
at which an IUP should be identified sonographically.
The exact level is somewhat controversial [9]. At the
authors’ institution a level of ± 2000 IU/L (3rd inter-
national reference preparation) is used. The serum
level doubles every 48 hours in normal early pregnancy.

Figure 5.4 illustrates some abnormal findings on
first-trimester ultrasound.

Failure to meet milestones
As normal early pregnancies follow a predictable
growth pattern, deviation from normal interval growth

A B

C

Figure 5.3 Multiple gestations in the first trimester.
A. Dichorionic twins are each surrounded by a separate, thick chorionic membrane. Two yolk sacs were seen on other imaging planes.
B. Contrast the appearance of dichorionic twins with this example of monochorionic, diamniotic twins. There is a single echogenic chorionic

ring; the focal thickening of the chorion frondosum indicates the site of placental development. Within the chorionic sac, there are two
embryos each surrounded by a thin amniotic membrane (A). Two yolk sacs were seen on other imaging planes.

C. Monochorionic twins may be monoamniotic as well (i.e. the fertilized ovum splits later in embryogenesis) and there is no dividing
membrane. Both embryos are within a single amniotic cavity. In this very early example of monoamniotic twinning at the “double bleb” stage
two embryos are seen between a single yolk sac (Y) and a single amnion (A). Cardiac activity was demonstrable in both.
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A B

DC

E

Figure 5.4 Abnormal findings in the first trimester.
A. Perigestational hemorrhage (PGH) occurs deep to the chorion (C). A live embryo was seen on other scan planes. The yolk sac (Y) and

the edge of the amnion (A) are visible in this plane. This was a large PGH but the pregnancy went to term. The fact that the chorion frondosum
remained well attached to the myometrium may have contributed to the good outcome.

B. The cursors mark the correct location for measurement of sac size to calculate the mean sac diameter. No cardiac activity was seen in a
9mm embryo (E) indicating embryonic demise. This was a follow-up on a case with a chorionic bump (B); a focal protrusion of chorionic tissue
thought to represent focal hematoma. Note also that the sac shape is irregular and that there is a sliver of PGH. Most failed pregnancies will
exhibit multiple abnormal findings.

C. In this case a live embryo (calipers) was seen within a very small amniotic sac; note that the amniotic membrane appears shrink-wrapped
around the embryo. The embryo was dead on follow-up one week later.

D. In this case of embryonic demise note the flattened, oval appearance of the gestation sac and the lack of brightly echogenic decidual
reaction/chorionic tissue surrounding the sac.

E. Composite image showing two abnormal yolk sacs. The first (calipers) is flattened and was mistaken for the embryo, however it cannot
be an embryo as it is outside the amnion. The second (Y) is calcified hence brightly echogenic. A dead embryo (E) was seen inside the amniotic
cavity (A).
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indicates a problem. If a single scan shows a size/date
discrepancy, but is not definitive for pregnancy
failure, short-interval follow-up can be timed such
that milestones should have been achieved. For
example a gestation sac with MSD of 11mm, con-
taining a yolk sac is sonographically “normal” even
if size is less than expected for LMP. On follow-up
7–10 days later embryonic development should be
apparent if the pregnancy is normal. Lack of an
embryo would indicate failed early pregnancy due
to failure to meet normal milestones. Similarly,
even if cardiac activity is present, lack of normal
embryonic growth is associated with pregnancy
failure.

Once the MSD reaches or exceeds 18mm the
lack of an embryo indicates anembryonic pregnancy.
It is possible to demonstrate the amniotic cavity as an
anechoic fluid-filled space within the gestational
sac. The yolk sac is outside the amnion, between it
and the chorion. The term “empty amnion” is used to
describe this appearance in anembryonic gestations.

Abnormal sac
The normal gestational sac is seen as a brightly echo-
genic ring within the echogenic decidualized endo-
metrium. If the tissue surrounding the sac is thin,
irregular or poorly echogenic this correlates with
abnormal pregnancy and poor prognosis. The normal
gestation sac is a rapidly growing structure with
convex contours; flattened shape or irregular margins
are abnormal and sac position low in the uterus
also correlates with poor outcome [10]. In the absence
of a live embryo, abortion in progress is part of
the differential for low sac position. In cases where
there is a live embryo in a sac implanted low in the
uterus the examiner should always exclude cervical
and cesarean scar ectopic pregnancy.

Although ectopic pregnancy is not part of this
discussion all operators examining women in the
first trimester of pregnancy should be aware of the
pseudosac seen in the uterus of patients with ectopic
pregnancy. Pregnancy hormones result in decidualiza-
tion of the endometrium regardless of the site of
implantation. Accumulation of small amounts of
blood product within the endometrial cavity produces
a hypoechoic structure with an echogenic rim. The
pseudosac differs from a normal early IUP in a num-
ber of different ways. It is central within the uterine
cavity rather than burrowed or implanted into one
layer of decidualized endometrium. There is a single

echogenic ring surrounding it, composed of the sepa-
rated layers of decidualized endometrium.

A normal IUP is eccentrically located and has a
double echogenic ring composed of the decidua par-
ietalis and capsularis surrounding the sac. The pseu-
dosac is flattened or oval in shape whereas a normal
IUP is spherical or oblate spheroid in shape.

Embryo to sac size discrepancy
The sac diameter is generally about 1 cm > CRL. A
smaller sac leads to a “shrink wrapped” appearance of
the embryo; this is described as first trimester oligo-
hydramnios [11].

If the sac is much larger than it should be in
relation to CRL this suggests arrest of embryonic
development. Biometric tables are available to corre-
late CRL and menstrual age.

Embryonic demise
If cardiac activity is absent after prior demonstration
that is unequivocal evidence of demise and embry-
onic failure. Lack of cardiac activity in an embryo
>5mm in length also indicates demise. A recent
study by Aziz et al. [1] showed that even with
embryos smaller than 5mm lack of cardiac activity
indicated embryonic demise in the subset of patients
with vaginal bleeding.

Empty uterus
In the patient with a positive pregnancy test but an
empty uterus there are three possible options: ectopic
pregnancy, complete spontaneous abortion or very
early IUP. The history and physical findings may ena-
ble a clinical diagnosis but more often than not the
diagnosis is unclear. Correlation with quantitative beta
hCG is very helpful in this situation (Table 5.3).

Retained products of conception
The term retained products of conception (RPOC)
refers to the finding of residual placental tissue
within the endometrial cavity after delivery or abor-
tion (spontaneous or therapeutic) resulting in imme-
diate or delayed bleeding. The classic sonographic
finding is an echogenic mass with high-velocity, low-
resistance blood flow within the endometrial cavity.
Unfortunately this finding is associated with an
overall false positive rate of 34% due to significant
overlap with the normal postpartum uterus after a
term delivery [12]. In the first trimester RPOC can
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occur after an incomplete abortion and the differential
diagnosis includes gestational trophoblastic disease
and residual blood clot.

The presence of blood clot can be confusing;
however clot is avascular and is usually hypoechoic.
Lack of perfusion decreases suspicion for RPOC
but does not categorically rule out the diagnosis. A
follow-up scan can be performed in 24–48 hours in
equivocal cases, while cases of obvious RPOC should
undergo dilation and curettage to prevent prolonged
hemorrhage and infection.

Abnormal findings in first-trimester
pregnancy

Abnormal yolk sac
A normal yolk sac is thin-walled, spherical and <6mm
in diameter. The yolk sac is outside the amnion but
inside the chorion. A collapsed yolk sac should not
be mistaken for an embryo as the embryo lies inside
the amniotic cavity. Large or calcified yolk sacs are
associated with poor prognosis [13].

Chorionic bump
The chorionic “bump” is an irregular, convex prot-
rusion from the choriodecidual surface into the
adjacent gestational sac. This was associated with a
>50% loss rate in infertility patients [14]. The authors’
experience in a population with recurrent pregnancy
loss corroborates this finding (unpublished). The etiol-
ogy of this focal irregularity is unclear, but it may
represent focal hemorrhage. Chorionic bump has
also been associated with partial mole.

Embryonic bradycardia
Embryonic bradycardia is defined as a heart rate <90
beats per minute (bpm) at any gestational age [15–17].
Bradycardia is associated with a high rate of demise.
The normal embryonic heart rate is >100 bpm by
6 weeks, increasing to an average of 143 at 8 weeks.
A plateau occurs at 9 weeks with heart rates ranging
from 137–144 [18]. Most pregnancies abort within a
week of diagnosis of embryonic bradycardia, there-
fore follow-up ultrasound in about 1 week is recom-
mended to avoid delayed diagnosis. The prognosis of

Table 5.3 What to do when the uterus is empty but the pregnancy test is positive.

Careful history

Is menstrual history firm?

What is cycle length?

Risk factors for ectopic pregnancy?

Passage of tissue?

Clinical examination

Pulse, blood pressure

Os open/closed

Cervical motion tenderness

Palpable adnexal mass

Additional evaluation

Consider serum progesterone measurement

Serum beta hCG

If above threshold level and uterus is empty suspicion for ectopic increases

If below threshold level repeat at 48 hours and rescan if increasing

Remember, that if the patient is unstable, inability to demonstrate an ectopic does not
exclude the diagnosis, especially in the presence of intraperitoneal bleeding. Operative
intervention should not be delayed.
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embryos surviving beyond a week after diagnosis
remains guarded even if the heart rate increases
to >100bpm until at least 11 weeks (Table 5.4) [19,20].
There is a two-fold increased risk of structural and
chromosomal anomalies in newborns with bradycar-
dia diagnosed in the first trimester [21].

Echogenic fluid in the cul de sac
Physiological fluid is a common finding in pelvic ultra-
sound. A small volume of anechoic fluid is a normal
finding, however, echogenic fluid correlates strongly
with intraperitoneal hemorrhage. In the pregnant
patient this is especially concerning if an IUP cannot
be identified and increases suspicion for a ruptured
ectopic [22].

Gestational trophoblastic disease
Gestational trophoblastic disease is covered in detail
elsewhere. Sonographically a complete mole has a
typical appearance, completely filling the uterine
cavity with an echogenic, multicystic, hypervascular
mass. However, only about 56% of first-trimester
cases show this typical appearance [23]. In the first
trimester, a complete mole may present with thick-
ened cystic endometrium, or as an apparent anem-
bryonic pregnancy [24].

Ovarian theca lutein cysts are also rare in the first
trimester as the hCG levels are not yet sufficiently
high enough to cause them.

Perigestational hemorrhage
The term perigestational hemorrhage (PGH) is syn-
onymous with subchorionic hemorrhage. The estimated

sonographic prevalence in women presenting with
vaginal bleeding in the first trimester is 18% [25].
A fluid collection separate from, but adjacent to
the gestational sac is the sonographic finding. This
fluid collection may have a curvilinear appearance,
which follows the uterine contour or a mass-like
appearance that may distort the gestational sac. The
fluid collection is always deep to (i.e. on the myometrial
side of) the chorion. The normal echogenic fluid in
the extra embryonic coelomic space should not be mis-
taken for a PGH. Additional features vary depending
on the age and extent of hemorrhage.

The vast majority of pregnant women presenting
with vaginal bleeding in the first trimester will have
a good outcome. The presence of a live embryo is the
most reassuring sign associated with an excellent prog-
nosis of >90% survival when the PGH is small.

A less favorable prognosis is associated with large
PGH, advanced maternal age, fetal bradycardia and
gestational sac size <16mm [26,27]. Follow-up imag-
ing in 5–7 days can be helpful in early cases bearing
in mind that blood evolves quickly, decreasing in
echogenicity and size over time and the gestational
sac should grow 1mm/day.

Color Doppler can help differentiate an isoechoic
PGH from chorionic frondosum. No blood flow will
be seen in a PGH.

Although the gestational sac may appear to be
“floating” within a large PGH, the term placental
abruption should not be used in the first trimester.
The diagnosis of placenta previa should also be
avoided in the first trimester because the placenta
often covers the internal os at this stage of pregnancy.
As the pregnancy progresses and the lower uterine
segment elongates the placenta appears to migrate
superiorly. This process is known as placental
trophotropism.

Despite the overall good prognosis in the majority
of first-trimester PGH cases, there is an associated
increased risk of morbidity within the second and
third trimesters. Fetal growth restriction, pre-
eclampsia, pre-term delivery, pregnancy-induced
hypertension and a five-fold risk of placental abrupt-
ion have all been described in association with PGH in
the first trimester. Therefore, careful attention on
follow-up second- and third-trimester imaging is
recommended.

Be aware that twin gestation can mimic PGH par-
ticularly in cases where one twin fails early in
pregnancy.

Table 5.4 Embryonic heart rates in the first trimester [20].

Normal

≥100 at <6.3 weeks

≥120 at 6.3–7 weeks

Borderline

90–99 at <6.3 weeks

110–119 at 6.3–7 weeks

Abnormal

<90 at <6.3 weeks

<110 at 6.3–7 weeks
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Fetal anomalies
Detection and characterization of fetal anomalies is
beyond the scope of this text but the examiner
should be aware of the appearances of certain mal-
formations in order to expedite referral and avoid
undue delay in diagnosis (Figure 5.5). Similarly the
normal appearance of the rhombencephalon and
physiological bowel herniation should not be con-
fused with pathological processes [28].

Normal choroid plexus fills the ventricles in the
first trimester; this is called the “butterfly” sign and
when seen excludes anencephaly and alobar or semi-
lobar forms of holoprosencephaly. This is particularly
reassuring to patients with a history of a prior affected

fetus. Exencephaly can also be diagnosed in the first
trimester as the uncovered brain causes an unusual
head shape.

Cystic hygroma is a multiseptated fluid collection
extending from the fetal neck, often associated with
diffuse skin edema. This is associated with Turner’s
and Down’s syndrome and carries a poor prognosis
even in euploid fetuses.

The limbs are fully formed by 13 weeks including
fingers and toes; inability to visualize four extremities
is abnormal and should raise concern for limb reduc-
tion defects [29].

Conjoined twins can be diagnosed with confidence
if two heartbeats are seen within a conglomerate tissue
mass. Twin reverse arterial perfusion sequence is

A

C

B

D

Figure 5.5 Anomalies visible in the first trimester.
A. Transverse image through the fetal head at 12 weeks shows a septated fluid collection consistent with a cystic hygroma. Chorionic villus

sampling showed Turner syndrome.
B. Coronal image through the fetal head and torso at 12 weeks shows exencencephaly. Bony detail is seen in the orbital area (O) but there is no

evidence of an ossified skull vault and the brain tissues form an amorphous mass above the orbits. This is a lethal malformation.
C. Composite image shows large PGH (calipers) at 12 weeks 6 days. Additional images showed gastroschisis with free loops of bowel in the

amniotic fluid (Spine = fetal spine). Ductus venosus flow was also abnormal and the patient elected termination of pregnancy.
D. Two embryos (A, B) are seen within a single amniotic cavity. Additional images showed only one yolk sac but confirmed two foci of cardiac

activity within the conglomerate tissue mass indicating conjoined twins.
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present when the direction of flow in the umbilical
artery is toward an anomalous twin rather than toward
the placenta.

Adnexal mass
Routine use of TV sonography in evaluation of the
first-trimester pregnancy will result in the detection
of incidental adnexal masses. It goes without saying
that any patient with pain in the first trimester
should be carefully evaluated for ectopic pregnancy.
The finding of an IUP greatly decreases suspicion
for ectopic gestation unless there are risk factors for
heterotopic pregnancy. However, hemorrhagic cyst,
cyst rupture, ovarian torsion appendicitis and ureteric
calculi can all occur and present with pelvic pain [30].

Amongst the incidental masses seen in the first
trimester ovarian lesions are commonest. Use of
transducer pressure and manual abdominal pressure
helps to determine if the mass moves with the ovary,
i.e. is ovarian in origin, or slides over the ovary indi-
cating a non-ovarian, adnexal origin. Pedunculated
fibroids tend to be hypoechoic; careful evaluation
with color Doppler will often demonstrate vessels
extending from the myometrium into the fibroid.

The normal corpus luteum has a thick, echogenic
wall with a “ring of fire” appearance on color
Doppler interrogation. Hemorrhage is not uncom-
mon; lacy reticular internal echoes are present
although on occasion homogeneous internal echoes
may simulate a solid mass. Lack of internal vascular-
ity and increased through-transmission of sound
should suggest the diagnosis. Endometriomata may
be seen particularly in patients with a history of
assisted reproduction; they typically contain multiple,
fine, low-level internal echoes and exhibit increased
through-transmission. Punctate echogenic foci with
comet tail artifacts in the walls are a characteristic
finding. Theca lutein cysts are seen with ovarian
stimulation, hyperreactio luteinalis and gestational
trophoblastic disease. Associated ascites and pleural
effusion indicate ovarian hyperstimulation syndrome
which necessitates careful monitoring of fluid balance
and renal function.

The most common ovarian neoplasm in the
reproductive age group is the benign ovarian tera-
toma (dermoid cyst). The typical findings include a
shadowing, echogenic “plug,” hair, teeth, fat-fluid
levels and echogenic fat. The fat content may cause
significant distal acoustic shadowing. This “tip of
the iceberg” phenomenon may result in significant

underestimation of the size of teratomas. Malignant
ovarian neoplasms are uncommon but can occur. A
solid mass lesion with papillary projections and vascu-
lar internal septations, or a persistent large cystic mass
should be further evaluated by gynecological oncology.

Conclusion
Ultrasound is a key component of early pregnancy
assessment. Knowledge of the normal imaging findings
and expected developmental milestones is vital for
accurate interpretation.Recognitionofmonochorionic
pregnancies and significant anomalies will allow for
appropriate early referral for specialist evaluation.
Ultrasound is the most accurate way to triage patients
with pain and/or bleeding in the first trimester.
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Chapter

6 Management of pregnancy loss
Willem M. Ankum

Introduction
On a global scale, overpopulation is one of mankind’s
major challenges. On the individual level, however,
human reproduction is a relatively inefficient process
[1,2]. Only about 30% of successfully fertilized
oocytes result in the delivery of a living child.
Approximately 60% of successful conceptions, how-
ever, do not even reach the stage of a clinically
recognized pregnancy. This phenomenon has earlier
been referred to as the “black box” of early pregnancy
loss [3]. These occult miscarriages result from imme-
diate demise or failed implantation, which is followed
by a normal period at the expected time. The rate
of pre-clinical losses can only be detected by close
biochemical surveillance, and ultimately defines the
upper success rates of human reproduction, not only
in spontaneous cycles but also during treatment with
artificial reproductive technologies. Pre-clinical los-
ses, therefore, are mainly of scientific importance for
those trying to understand reproductive biology
rather than being a clinical problem encountered at
the early pregnancy unit (EPU).

After the missed period, another 10–15% of suc-
cessful conceptions are bound to fail during the first
trimester as clinically recognized miscarriages. These
women constitute a large proportion of those visit-
ing an EPU. This chapter focuses on these patients,
and summarizes current knowledge on the epidemi-
ology, diagnosis and treatment of first-trimester
pregnancy loss.

Epidemiology
First-trimester pregnancy loss is a common event,
experienced by about 25% of all women during their
reproductive career. The vast majority of first-
trimester miscarriages are sporadic events, half
being accounted for by cytogenetic abnormalities,

i.e. numerical or structural chromosomal anomalies
and mosaicism as demonstrated by classical tech-
niques. It seems likely that, with improving cytoge-
netic techniques, the unexplained part might also turn
out to represent hitherto unrecognized –more subtle –
chromosomal anomalies (see Chapter 10).

In daily practice it is generally acknowledged
that parental cytogenetic screening is unnecessary in
sporadic miscarriages, which should be restricted to
couples with recurrent miscarriages, a topic beyond
the scope of this chapter (see Chapter 7).

Because the occurrence of miscarriages is a highly
age-dependent phenomenon, incidence rates vary
widely from 10% for women aged 20–24 years, to
a staggering 90–100% for those between 45 and 50
years of age [4]. Increased age is not only associated
with an elevated risk of Down’s syndrome, as is gen-
erally known and acknowledged, but also predisposes
for other chromosomal anomalies which explain the
increased risk of (repeated) miscarriages in these
women [5–7].

Risk factors for the occurrence of miscarriages
are addressed in more detail elsewhere (see Chapter 2).

Natural course and clinical findings
In the majority of cases, vaginal bleeding is the first
clinical symptom of impending miscarriage. This
symptom is by no means specific, since about 50%
of these pregnancies will prove to be viable on sono-
graphic examination, most of which are likely to
progress without serious consequences. In these
women, the exact origin of bleeding usually remains
unknown. When other causes, especially cervical
Chlamydia infection, cervical carcinoma or a bleed-
ing ectropion have been ruled out, this type of bleed-
ing is ascribed to the process of placental invasion of
the endometrium. Straightforward evidence to
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substantiate this origin, though plausible from a bio-
logical viewpoint, is lacking from the literature.

Sooner or later, women with first-trimester mis-
carriages are bound to experience painful uterine con-
tractions as an accompanying symptom (Figure 6.1).
During the process of expulsion of uterine contents
which follows, i.e. the actual miscarriage, vaginal
bleeding increases and blood clots may be lost. The
cervix gradually dilates to allow passage of the non-
vital pregnancy, which usually is passed as a complete
gestational sac which can easily be distinguished
from accompanying blood clots. If the miscarriage
is complete, pain and bleeding decrease promptly to
the level of a regular menstrual period [8].

Some bleeding may persist for several weeks, and
is followed by a normal period some 4–7 weeks after
the actual miscarriage took place [9].

In case of an incomplete miscarriage, where a
portion of the gestational sac is retained in the uterus,
persistent cramping pain and excessive bleeding
should indicate the need for surgical evacuation, rather
than mere sonographic findings.

Knowledge about the natural course of miscar-
riages is important whenever expectant management
is aimed for. If patients have not been informed about
things to come, they may easily be alarmed by the
natural course of events and end up undergoing
unnecessary surgical evacuation in the final stages of
the process. Unawareness of these matters might easily
result in disillusionment with the entire experience,
not only for the patient but also for the healthcare
providers.

Another problem arises when a spontaneous mis-
carriage simply does not happen within a reasonable
period of time, a situation which occurs in about half
of those cases undergoing expectant management.
After 2 weeks of waiting in vain, even well-motivated
women lose their faith, change their minds, and tend
to ask for surgical evacuation. Obviously, this scenario
should also be addressed when counseling women
about treatment options.

Diagnostic management
Clinical characteristics of women presenting with
first-trimester bleeding are of little value in correctly
predicting a miscarriage, and cannot be relied upon
in daily practice [10]. The only exception is the pres-
ence of an expelled gestational sac, found at vaginal
examination. This is a highly specific finding, but
because of its rarity (4%), sensitivity is low [11,12].
There is no doubt that transvaginal sonography is
the most reliable tool in the diagnosis of first-trimester
miscarriages at present. Sonographic equipment and
expertise, therefore, are indispensable prerequisites
for any unit providing care for women with first-
trimester pregnancies and their complications (see
Chapter 5).

The most constant sonographic findings indica-
tive of a miscarriage are those of an empty gestational
sac, where no yolk sac and no embryonic pole are
present, or the finding of an embryo or fetus without
cardiac activity. There are caveats in the inter-
pretation of these findings, and both need further

Diagnosis*

Ultrasonography

Vaginal bleeding

Uterine pain

1 2 3 4 5

*1, ultrasonography shows early anembryonic pregnancy or fetal death (missed miscarriage);
  2, vaginal bleeding occurs (threatened miscarriage);
  3, open cervical os (inevitable miscarriage);
  4, miscarrriage (products of conception are expelled, and cramps and bleeding soon subside);
  5, ultrasonography may show uterine contents - decidua, blood, and some villi. 

Figure 6.1 Natural course of miscarriage
with clinical and sonographic findings.
Courtesy of Br Med J Publishers; from
Ankum et al. 2001 [8].
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specification especially if one relies on information
obtained from a single scan.

* Firstly, a gestational sac can only be called empty
with acceptable certainty if its mean diameter
exceeds 15mm.

* Secondly, the absence of fetal cardiac activity can
only be diagnosed with certainty if the fetal crown–
rump length exceeds 5mm.

* If these criteria are not met, the pregnancy may
turn out to be vital when sonography is repeated
after a week [13].

Some authors have advocated the additional use
of serum progesterone measurements in differentiat-
ing between viable and non-viable pregnancies in
these cases with encouraging results [14]. The useful-
ness of a single progesterone measurement without
further sonographic evaluation, however, is limited,
since it does not discriminate between miscarriages
and ectopic pregnancies.

Apart from sonographic observations indicative
of a miscarriage or a vital pregnancy, another sono-
graphic finding deserves attention, i.e. when sono-
graphy fails to show any signs of an intrauterine
gestation. In the absence of a clear history of a recent
spontaneous miscarriage, this finding is suggestive of
an ectopic pregnancy. Obviously, the absence of a
gestational sac also complies with the non-pregnant
state; therefore, a pregnancy test should be done
immediately to exclude this possibility. Many ectopic
pregnancies are easily detected by transvaginal
sonography and should be looked for carefully. A
gestational sac outside the uterus is a very specific
finding, but some free fluid in the cul-de-sac and an
ectopic mass are less reliable in diagnosing ectopic
pregnancy. The addition of hCG measurements is
useful when sonography fails to identify an intra-
uterine gestation, or whenever no ectopic pregnancy
is detected or findings are dubious, i.e. in case of a
“pregnancy of unknown location” (PUL). In these
circumstances, hCG levels >1500–2000, or plateauing
hCG concentrations at a lower level on follow-up
(persisting PUL), are indicative of ectopic pregnancy
[15–21]. Both serum beta hCG and serum progester-
one measurements may be used in monitoring the
expectant management of self-limiting ectopic preg-
nancies, which resolve spontaneously in the majority
of cases without need for further invasive procedures
(see Chapter 3).

Prevention of early pregnancy loss
In the past, several drugs have been clinically applied
in attempts to prevent miscarriages.

Diethylstilbestrol (DES) is the oldest example, and
was used between 1948 and 1974 for this purpose.
The drug, an orally active synthetic estrogen, was
completely ineffective in preventing miscarriages,
as was shown in a randomized study in 1953
[22]. Despite these findings, its use remained widely
embraced by the medical community, and DES
was prescribed to millions of pregnant women.
Unfortunately, DES increased the risk of cervical
and vaginal clear cell carcinoma in DES-exposed
female offspring of treated women, and also turned
out to be strongly associated with the occurrence
of ectopic pregnancy in these women [23,24]. Its
use during pregnancy was banned in 1971 by the
US Food and Drug Administration.

More recently, progesterone has also been applied
in the prevention of miscarriages. This topic has
recently been systematically reviewed in The
Cochrane Library [25]. No evidence of effectiveness
with the use of vaginal progesterone compared with
placebo was found in reducing the risk of miscarriage
(relative risk 0.47; 95% CI 0.17–1.30). The authors
concluded that: “Based on scarce data from two
methodologically poor trials, there is no evidence
to support the routine use of progestogens for the
treatment of threatened miscarriage. Information
about potential harms to the mother or child, or
both, with the use of progestogens is lacking.
Further, larger, randomized controlled trials on the
effect of progestogens on the treatment of threatened
miscarriage, which investigate potential harms as
well as benefits, are needed.”

These findings are no surprise in view of the
assumption that many early losses are the result of
chromosomal aneuploidies. But even pre-implantation
genetic screening (PGS) for chromosomal aneuploidies
in women undergoing artificial reproductive technol-
ogy was unable to solve this problem. In contrast to its
theoretical advantages, instead of increasing a woman’s
chances of having a baby, PGS increased the risk of early
pregnancy loss [26].

If anything, these earlier attempts to prevent
early pregnancy loss illustrate the lack of knowledge
and understanding in this field. The debacles with the
application of DES during the 1950s, 1960s and 1970s
and, more recently, with PGS, underline the import-
ance of rigorous evaluation and should remind us of
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the dangers of any medical intervention carried out
in early pregnancy.

Therapeutic management
At present, three different treatment options are
being used in managing first-trimester miscarriages:
expectant, surgical and medical management.

Expectant management, i.e. awaiting the natural
course as described earlier, represents the oldest form
of management in first-trimester miscarriages.
Obviously, expectant management originates from a
time when no other options were available, circum-
stances which still apply for less privileged parts of
the world. During the first half of the twentieth
century, surgical evacuation became the preferred
treatment option for managing miscarriages in
many countries. This strategy was prompted by the
high incidence of sepsis and mortality associated with
miscarriages in cases of retained products of concep-
tion. Many complicated cases resulted from criminal
attempts to terminate undesired pregnancies, rather
than being complications of spontaneous miscar-
riages [27,28]. Expectant management remained in
use, albeit modestly, in some Western societies where
general practitioners were involved in providing
routine obstetrical care [29–31]. More recently,
expectant management of spontaneous miscarriages
experienced a revival in many Western countries
where its use had been abolished earlier. Ironically,
again terminations of pregnancies played a pivotal
role in this process of change. The revived interest
in non-surgical management of miscarriages fol-
lowed the encouraging results of medical termina-
tions of pregnancy induced by the combined use of
the anti-progestagen mifepristone and the prosta-
glandin misoprostol [32].

The available knowledge from randomized con-
trolled trials comparing various treatment options
for miscarriages has been systematically reviewed
[33–35]. In these reviews, formal meta-analysis is
hampered by heterogeneity of the available studies
on various subjects, which often differ in the type
of patients, setting, dosages and route of administra-
tion, and time frames allowed in expectantly and
medically managed patients. According to these
reviews, aspiration curettage results in the highest
complete evacuation rate in comparison to non-
surgical management options. Medical management
(i.e. misoprostol administered orally or vaginally)
reduces the need for curettage by 81–99%, whereas

expectant management reduces the need for surgery
by 28–94%, depending on the type of pregnancy loss,
i.e. incomplete miscarriages or those with a gesta-
tional sac still being present, and on the time frame
of expectancy. The vast majority of incomplete mis-
carriages were managed safely without the need
for additional surgical intervention. The incidence
of pelvic inflammatory disease as a complication of
treatment did not differ between women undergoing
surgical curettage and those managed non-invasively.

In studies comparing medical versus expectant
management, misoprostol was more effective in
reaching complete evacuation of the uterus, at the
expense, however, of minor gastrointestinal side
effects and an increased need of analgesics. These
findings were confirmed in a later paper, not
included in the systematic reviews, which compared
expectant and medical treatment in a randomized
placebo-controlled trial [36]. In that study, a regimen
of daily 600 μg misoprostol, administered vaginally
in up to two doses, had similar side effects compared
with placebo.

Recently the MIST trial, a large multicenter
randomized study, compared all three available
options: expectant, medical (800 μg misoprostol vagi-
nally) and surgical management [37]. No difference
was found in infection rates between the three strat-
egies (2–3%), nor in the need for blood transfusions
(0–1%). More women undergoing expectant manage-
ment (50%) than those treated medically (38%)
needed a curettage. The risk of unplanned hospital
admissions was highest in expectantly managed
women. Despite this, the net societal costs were
lowest in the expectantly managed group at £1086,
versus £1410 in the medical group and £1585 in the
surgery group [38].

TheMIST trial used a combination of mifepristone
followed by misoprostol in medically managed
patients. A later study found no difference between
mifepristone followed by misoprostol versus miso-
prostol alone [39]. Indeed, many clinics now use miso-
prostol as a single agent, thereby further reducing
costs. Probably the vaginal administration of miso-
prostol 600 μg, which can be repeated after 24 hours,
now offers the optimal balance between effectiveness
and side effects.

As an alternative to immediate treatment, a
delayed management option has also been studied.
This randomized trial compared the vaginal adminis-
tration of misoprostol and curettage, after a week of
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failed expectant management. Here again the non-
invasive strategy was found to be more cost-effective
[40,41].

In view of the available evidence, non-invasive
treatment modalities can now be offered with confi-
dence to women with first-trimester pregnancy loss
who wish to avoid surgery. This is important, since
freedom of treatment choice improves quality of life
in these unfortunate women [42–44].

Future research
Several subjects in the field of early pregnancy loss
have not been addressed as yet, and need further
attention in clinical studies. For instance, the option
of self-administered vaginal misoprostol deserves to
be explored. Self-administration seems feasible for
most women, and would render the miscarriage
process easier to plan at a convenient time and
place for the patient. This probably would increase
patients’ satisfaction in comparison to the adminis-
tration of medication by healthcare professionals,
and would probably reduce costs.

Another topic to be explored in future research
concerns the role of vacuum curettage under com-
bined local anesthesia /conscious sedation. This
approach should be explored in comparison to general
anesthesia, both in terms of patient satisfaction
and costs.
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Chapter

7 Investigation of recurrent miscarriage
Feroza Dawood, Roy G. Farquharson and Mary D. Stephenson

Recurrent miscarriage (RM) affects between 1–2% of
fertile couples and is a clinical condition of hetero-
geneous etiology. The traditional definition of a mis-
carriage has been pregnancy loss prior to 20 weeks
and RM is defined as three or more consecutive mis-
carriages [1]. However, the gestational period span-
ning the first 20 weeks of pregnancy encompasses
several developmental stages and milestones and
hence there is a need for pregnancy loss to be more
specifically defined. Classification of RM is of funda-
mental importance in the investigation and explora-
tion of the pathophysiological mechanisms underlying
RM. There is a need to embrace current theories of
abnormalities in implantation, trophoblast invasion
and placentation when defining pregnancy loss.

A crucial tool in investigating RM is the stratifica-
tion of the type of pregnancy loss. A clear delineation
of pregnancy losses will also yield a framework for
comparison of RM studies. Indeed, the inconsistent
use of the definition of RM, as well as the divergent
nomenclature in describing pregnancy loss in various
studies, looking at causation in recurrent miscarriage
has led to much debate and controversy.

It is increasingly evident that uniformity in
nomenclature would enhance the dissemination of
knowledge and ultimately improve our understanding
of RM. In Europe, the ESHRE Special Interest Group
for Early Pregnancy (SIGEP) [2] has suggested a clari-
fication of terminology for pregnancy loss prior to
20 weeks’ gestation, while in North America, a slightly
different terminology is proposed (Table 7.1) [3].

Investigative algorithm

History
The investigation of recurrent miscarriage commen-
ces with a meticulous history which should elicit

details of the sequential events surrounding the
prior miscarriages. Ideally, this should include serial
ultrasound assessment of gestational age, docu-
mented presence of fetal heart activity and crown–
rump length (CRL) at the time of demise [4]. The
two most important determinants of future preg-
nancy success are maternal age and number of mis-
carriages [5]. The risk of a subsequent miscarriage
following a history of RM increases with maternal
age and number of previous successive losses [6].

It is also prudent to take a smoking, alcohol and
caffeine history, because all of these substances are
associated with an increased risk of miscarriage.
There is increasing evidence that excessive caffeine
consumption [7,8] is associated with clinical miscar-
riage. Furthermore, exposure to occupational hazards
such as ionizing radiation, organic solvents and
compounds such as mercury and lead have been
found to be linked with miscarriage [9]. There is also
evidence that the chemical compound bisphenol A,
which binds to estrogen receptors, may increase the
risk of RM by an autoimmune mechanism [10].

Infective screen
Routine screening for toxoplasmosis, rubella, cyto-
megalovirus and herpes simplex virus (TORCH)
and listeria infections are currently deemed unneces-
sary [11]. However, they should be performed in
women with RM history if an acute infectious epi-
sode is suspected [12]. If acute or chronic endome-
tritis is suspected it is prudent to perform an
endometrial biopsy [13].

Endocrinological investigations
Obesity has emerged as an important endocrinological
factor for RM and has been linked with a statistically
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significant increased risk of recurrent miscarriage
(odds ratio 3.5, 95% CI 1.03–12.01) [14].

Although the presence of polycystic ovaries has
been reported as having a higher prevalence in RM
women compared with the general population [15],
the association may be due to obesity and/or insulin
resistance, rather than the ovarian features [16].

Another contentious issue is that hypersecretion
of luteinizing hormone (LH) is associated with an
increased risk for RM; however, wide variations in
the levels of LH have been found in women with
RM [17]. Presently, there is little evidence to justify
routine testing in RM patients.

There is limited evidence supporting a causal rela-
tionship between hyperprolactinemia and RM [18].

The value of routine screening for underlying
diabetes and thyroid disease in asymptomatic patients
has recently been questioned, as the prevalence of
these endocrinopathies have been found to be similar
in women with RM and the general population [11].
Uncontrolled diabetes has been associated with an
increased risk of pregnancy loss and complications,
therefore, tight control preconceptually is recom-
mended. Thyroid function and diabetes screening are
relatively inexpensive and evidence suggests they
should be normalized in early pregnancy [4,19], there-
fore, such screening is advocated as part of the inves-
tigative protocol for RM [19].

Luteal phase deficiency, defined by mid luteal
phase progesterone <10 ng/mL, has been associated
with RM in the past [4]. More recently, there has
been a suggestion that polymorphisms on the proges-
terone receptor gene may contribute to impaired
reproductive function and consequently to recurrent

pregnancy losses, so there may be some benefit in
testing mid luteal phase progesterone levels [20].

Genetic investigations

Parental cytogenetic analysis
Parental structural chromosome rearrangements
are reported in 3–8% of couples suffering recurrent
miscarriage and testing of both partners is therefore
recommended [11] (see Chapter 11). The common-
est rearrangements appear to be balanced reciprocal
and Robertsonian translocations [4,21]. There is an
increased probability of a structural chromosome
rearrangement in young women with recurrent
miscarriage who have a parent or sibling with a
history of recurrent miscarriage; this risk is increased
further if the parents of the partner also report a
history of recurrent miscarriage [22]. The identifica-
tion of a parental structural chromosome rearrange-
ment should prompt referral to a clinical geneticist.
Subsequent pregnancy outcome depends on the
specific rearrangement, but overall, is associated
with a 70% live-birth rate, without treatment [23].

Cytogenetic analysis of miscarriage tissue
Conventional cytogenetic analysis of miscarriage
tissue from women with a history of RM has detected
a 26–57% abnormality rate [22,24]. However, when
age is taken into account there appears to be little
difference in the distribution of cytogenetically
abnormal miscarriages in couples with RM compared
with controls [25].

Table 7.1 Classification of miscarriage, based on hCG levels and/or ultrasound findings.

Type of
miscarriage

European definitions ESHRE SIG Early Pregnancy [2] North American definitions [3]

Biochemical
miscarriage

Falling low positive serum/urinary hCG, pregnancy not located on
ultrasound (typically <6 weeks)

Falling low positive serum/urinary hCG,
no ultrasound performed

Anembryonic or
empty sac
miscarriage

Gestational sac with absent structures or minimal embryonic
debris without heart rate activity (typically 6–8 weeks)

An empty gestational sac, with a mean
sac diameter of >8mm

Yolk sac miscarriage Term not used A gestational sac with a yolk sac only,
with a mean sac diameter of >16mm

Embryonic
miscarriage

Gestation sac with embryo >6mm without cardiac activity
(typically 6–8 weeks)

Embryo ≥5mm without cardiac activity

Fetal miscarriage Previous identification of crown–rump length and fetal heart
activity followed by loss of heart activity (typically >12 weeks)

Fetus measuring ≥33mm without
cardiac activity
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Although cytogenetic analysis of miscarriage tis-
sue is not routinely performed in most miscarriage
clinics, for financial reasons, there is a cogent justi-
fication for performing such testing, because it
differentiates miscarriage associated with a numeric
chromosome abnormality, thought to be a random
event [26] from those which may be due to an
underlying parental factor (see Chapter 10). Indeed,
without chromosome assessment of miscarriage tis-
sue, it is impossible to determine whether the mis-
carriage resulted from a failure of the treatment or as
a result of a lethal trisomy, monosomy or polyploidy.

Detection of anatomical
abnormalities
Uterine anomalies have been traditionally associated
with mid-trimester losses; however they may also be
implicated in recurrent early (<10 weeks) miscarriage.
In the RM population, the prevalence of reported
uterine malformations range widely from between
1.8% to 37.6% [11], largely due to inherent differences
in methodology. The septate uterus is the commonest
congenital structural abnormality. A recent review
of approximately 24 studies suggests that the preva-
lence of congenital uterine anomalies in the RM
population is probably as high as 16.7% compared
with 6.7% in the general population [27]; hence
screening for uterine anomalies is definitely war-
ranted. Diagnostic tools for detecting uterine anoma-
lies include two- and three-dimensional ultrasound,
hysteroscopy, laparoscopy and magnetic resonance
imaging (MRI). Office hysteroscopy allows direct
visualization and avoids general anesthesia. Ultrasound
and magnetic resonance imaging are non-invasive
and avoid radiation exposure.

Thrombophilia testing
The antiphospholipid syndrome (APS) remains
entrenched as one of the most studied factors asso-
ciated with RM. Pregnancy losses that have been
associated with APS include recurrent early miscar-
riage, fetal miscarriage of ≥10 weeks’ gestation, and
second and third trimester complications associated
with placental insufficiency resulting in intrauterine
growth restriction, placental abruption or sudden
intrauterine fetal demise [28]. Antiphospholipid
syndrome is characterized by thrombotic and/or
obstetric events together with the presence of la-
boratory criteria. Strict clinical and laboratory

criteria need to be adhered to before a diagnosis of
antiphospholipid syndrome can be made. The criteria
for diagnosis were revised at a consensus conference
in Sydney in 2006.

Antiphospholipid syndrome is present if at least
one of the following clinical criteria and one of the
laboratory criteria are met:

Clinical criteria:

One or more clinical episodes of arterial, venous or
small vessel thrombosis, in any tissue or organ. The
thrombotic event must be confirmed by objective
validated criteria (i.e. unequivocal findings of
appropriate imaging studies or histopathology).
Histopathologic findings should show thrombosis
without significant evidence of inflammation in
vessel wall.

Pregnancy morbidity:

(a) One or more unexplained deaths of a morphologically
normal fetus (ultrasound evidence or direct
examination) at or beyond the 10th week of gestation.

(b) One or more premature births of a morphologically
normal neonate before the 34th week of gestation
secondary to: (i) eclampsia or severe pre-eclampsia
defined according to standard definitions, or
(ii) recognized features of placental insufficiency.

(c) Three or more unexplained consecutive spontaneous
miscarriages before the 10th week of gestation, with
maternal anatomic or hormonal abnormalities and
paternal and maternal chromosomal causes excluded.

Laboratory criteria:

(1) Lupus anticoagulant (LA) present in plasma on two or
more occasions at least 12 weeks apart.

(2) Anticardiolipin antibody (aCL) antibody of IgG and/or
IgM isotype in serum or plasma, present in medium
or high titre (i.e. >40 GPL or MPL, or >99th percentile),
on two occasions, at least 12 weeks apart, measured by
a standardized ELISA.

(3) Anti-beta 2-glycoprotein I antibody of IgG and/or IgM
isotype in serum or plasma, present in medium or high
titre (i.e. >40 GPL or MPL, or >99th percentile), on two
occasions, at least 12 weeks apart, measured by a
standardized ELISA.

Other thrombophilias
More recently attention has focused on the signifi-
cance of other genetic and acquired thrombophilias
as potential putative factors in RM. Amongst these
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are the factor V Leiden mutation, activated protein
C resistance (APCR), protein S deficiency, protein C
deficiency, prothrombin gene mutation and anti-
thrombin III deficiency, which have been proven
to be independent risk factors for venous thrombo-
embolism [29,30]. It has been hypothesized that
these thrombophilias may be associated with recur-
rent miscarriage as a result of decreased uteropla-
cental perfusion [31,32]. However, studies exploring
the association between RM and thrombophilias
have revealed discordant results. Some studies have
espoused a link between thrombophilia and RM
[33,34] whereas other studies have refuted any
significant association between the two [35].
However, the incongruity of results from different
studies may lie in inherent differences in study
design, lack of uniformity regarding pregnancy clas-
sification and wide variation in patient numbers.
Multicentered randomized controlled trials are cer-
tainly warranted to elucidate whether or not thrombo-
philia testing should be routinely incorporated in the
investigative work-up for RM.

Recently, two meta-analyses [34,35,36] and a
review of 69 studies [37] have strengthened the case
for testing for factor V Leiden, activated protein C
resistance and the prothrombin gene.

Immunologic investigations

Natural killer cells
Natural killer (NK) cells are found in peripheral
blood and within the endometrium and have been
associated with recurrent miscarriage. Different
subpopulations of NK cells with various functional
roles may directly interact with trophoblasts in the
developing placenta [38].

It has also been postulated that NK cell cytotoxicity
is altered in peripheral blood of women with RM and
that increased cytotoxicity and increased levels of
interleukin-2 may be considered risk factors for
women with RM [39]. There is some evidence that
immunosuppressive therapy may reduce high num-
bers of uterine NK cells thereby improving reproduct-
ive outcome in women with RM [40].

However, the evidence for a definite putative
mechanism of NK cells and RM is not yet robust
enough. There are phenotypic and functional differ-
ences between peripheral and uterine NK cells [41]
and some case–control studies have revealed no stat-
istically significant differences between NK cell counts

and pregnancy failure [42]. Furthermore, peripheral
NK cell measurement carried out using flow cytometry
revealed no significant difference in the number of
peripheral natural killer cells and their subsets in
women with recurrent miscarriage compared with
controls [43].

Further prospective trials are needed to explore
whether the cytokine expression of NK cells affects
pregnancy outcome. There appears to be limited
value in the routine measurement of peripheral NK
cells in women with RM and endometrial sampling
for uterine NK cells should currently be confined to
research programs.

Mannan-binding lectin
Mannan-binding lectin (MBL; also known as
mannose-binding lectin) is an opsonic C-type lectin
plasma protein that is synthesized in the liver. It elicits
activation of the complement system and plays an
important role in innate immune defence [44]. Low
levels of MBL predispose to various infectious and
inflammatory disorders. There is emerging evidence
that MBL deficiency has a significant association with
recurrent miscarriage [45,46].

More recently, the genetics of MBL has been
further explored. Mannan-binding lectin levels are
genetically determined by a combination of complex
haplotypes and the presence of several possible point
mutations in the structural gene has the greatest influ-
ence on phenotype [46].

Mannan-binding lectin concentration is determined
by three major single-nucleotide polymorphisms
(SNPs) in exon 1 of the MBL2 gene on chromosome
10q11 and by three SNPs in the promoter region of
the gene [47]. A very recent study has investigated
polymorphisms in the MBL2 gene associated with
plasma MBL levels in women with RM. They found
significantly more low-producing MBL2 genotypes
in women with RM compared with controls [47].

Isolated MBL deficiency may induce a predisposi-
tion to RM in conjunction with other immunological
disturbances which remain to be investigated. At the
present time, there is not enough evidence to recom-
mend testing for MBL on a clinical basis.

Other investigations

Hyperhomocysteinemia
Homocysteine is metabolized by either the trans-
sulphuration pathway (excess homocysteine is
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converted to methionine) or the remethylation path-
way (recycling of homocysteine to form methionine).
Hyperhomocysteinemia has a reported prevalence
of around 5–16% in the general population and is
an independent risk factor for venous thromboem-
bolism [48].

Hyperhomocysteinemia is most commonly due
to a dietary deficiency of folate, although it is some-
times associated with the 667 C T MTHFR mutation,
that results in a thermolabile enzyme with reduced
activity for the remethylation of homocysteine. The
homozygous form of the mutation may infrequently
induce a state of hyperhomocysteinemia.

Of the few documented studies that assessed the
association of MTHFR mutation in recurrent miscar-
riage, none was statistically significant [49,50,51].
However, another study has reported an association
between maternal hyperhomocysteinemia and recur-
rent early pregnancy loss [52]. Therefore, there is little
evidence at this time to incorporate homocysteine
testing into the investigative work-up of RM.

Human leukocyte antigen testing
The potential role of human leukocyte antigen (HLA)
genes and the etiology of RM remain debatable. It
was previously thought that maternal immune recog-
nition of HLA antigens expressed by the fetus deter-
mined maternal–fetal tolerance in pregnancy. Some
studies have identified an association between RM and
the human leukocyte antigen G, which is the domi-
nant HLA at the materno–fetal interface [53]. HLA–G
single nucleotide polymorphisms have been found to
be linked with pregnancy losses [54]. However the
contribution of the human HLA complex in the patho-
physiology of RM needs to be better defined.

There is presently no benefit derived from routine
testing for HLA or anti-paternal cytotoxic antibodies
in an RM population.

Idiopathic recurrent miscarriage
It is important to be cognisant that the heterogeneous
nature of RM implies that while there may well be a
convergence of etiologies, in about 50% of cases the
etiology remains elusive, the so-called “idiopathic”
RM.

Idiopathic recurrent miscarriage is a diagnosis of
exclusion, meaning that known factors associated
with RM have been ruled out [13]. Maternal age
and number of previous miscarriages are the most
important parameters in predicting subsequent live
birth. Supportive therapy with regular ultrasound
surveillance and reassurance, in a dedicated early
pregnancy clinic, has been shown to be effective in
improving subsequent pregnancy outcome (74% vs
51%, P = 0.002 [55]. Using statistical actuarial ana-
lysis [5], the likelihood of a live birth, stratified for
maternal age, for women with a history of idiopathic
RM is shown in Table 7.2.

Summary
Recurrent miscarriage is a challenging reproductive
issue for the clinician. Determining the gestational
age and chromosome results of prior miscarriages is
useful in determining whether further evaluation is
required. Presently, many of the RM investigations
are controversial because of limited studies, inconsist-
ent terminology and small and poorly designed treat-
ment studies. Over the next decade, we will probably
see major advances in the evaluation and management
of recurrent miscarriage, based on well-defined
cohorts of patients and trials.
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Chapter

8 Molar pregnancy
Eric R. M. Jauniaux and Jemma Johns

Introduction
Molar pregnancy is a term that describes disorders of
the villous anatomy which includes pathological
anomalies of trophoblast development. The biochem-
ical analysis of the fluid contained in molar vesicles
indicates that it is derived from the diffusion of mater-
nal plasma and the accumulation of specific tropho-
blast proteins. In the case of mole associated with a
developing fetus or presenting with fetal remnants the
molar vesicle composition is unchanged by any form
of fetal metabolism [1]. These biochemical findings
suggest that the hydropic (hydatidiform) transforma-
tion of the villous mesenchyme results from a lack,
maldevelopment or regression of the villous vascula-
ture that makes the drainage of fluid supplied by the
trophoblast impossible. The fact that mild to moderate
generalized villous edema is often found following
the demise of an embryo or early fetus supports this
concept and highlights the fact that hydropic villous
changes are not synonymous with true molar changes.

The vast majority of molar pregnancies miscarry
spontaneously during the first 3–4 months of preg-
nancy resulting in an incidence of molar placenta of 1
per 41 miscarriages [2,3]. These data suggest that with
the development of early pregnancy units (EPU) over
the last decademost women withmolar pregnancies are
likely to be first seen during the first trimester.
Gestational trophoblastic disorders (GTD) comprise
hydatidiform mole, placental site trophoblastic tumor,
choriocarcinoma and gestational trophoblastic neopla-
sia (GTN). Depending on their origin and anatomical
characteristics, GTDs have different fetal and maternal
consequences during pregnancy and after delivery.
Thus an early and accurate differential diagnosis is
important for patient counseling and perinatal manage-
ment. This chapter reviews the role of ultrasound in
early pregnancy in the screening for molar pregnancy.

True molar pregnancies
Molar pregnancies are characterized by gross waterlog-
ging and villous cistern formation and villous tropho-
blastic hyperplasia is the microscopic characteristic
feature of true molar pregnancies [4–9]. Complete
hydatidiform moles (CHM) and partial hydatidiform
moles (PHM) are related disorders of human fertiliza-
tion which constitute the largest group of GTDs.
Although both disorders are in themselves benign
they both may develop subsequently into GTN and
choriocarcinoma [8,9]. To ensure reliable monitoring
of human chorionic gonadotropin (hCG) concentra-
tions after a molar pregnancy, all patients in the UK
are registered with one of three centers: Ninewells
Hospital (Dundee), Weston Park Hospital (Sheffield)
andCharing Cross Hospital (London) [9].Womenwho
present late with clinical GTN have significantly more
complications and morbidity, and they are more likely
to need surgery and combination chemotherapy than
women identified early.

The distinction between CHM and PHM was
made in the late 1970s on the basis of gross morpho-
logical, histological and cytogenetic criteria [4,5]. The
clinical and pathological picture of the two molar
syndromes overlap to a degree [6,7] since both the
phenotype and natural history of the PHM seem to
represent a mild, bland version of those of the CHM
(Table 8.1). Gestational trophoblastic neoplasia
occurs in around 10% of women with molar preg-
nancy. Women diagnosed with hydatidiform mole
should therefore be registered with a regional center
for regular monitoring of hCG to detect malignancy
early [8,9].

Ultrasonographic examination of the placenta
should correctly identify vesicular villi by the begin-
ning of the second trimester (Figure 8.1) [7]. Before
13 weeks’ gestation some partial moles may present
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as an enlarged placenta with or without only a few
vesicular changes and the classification of some molar
pregnancies has become more difficult because they
are often evacuated earlier and before the stage of
development at which they have the classical morpho-
logical features.

Complete hydatidiform mole (CHM)
Complete hydatidiform moles are characterized by a
generalized swelling of the villous tissue, diffuse
trophoblastic hyperplasia and no embryonic or fetal
tissue. Complete moles are almost always diploid with

their chromosomes totally derived from the paternal
genome resulting from endoreduplication (duplica-
tion without cell cytokinesis) after monospermic
fertilization or more rarely dispermic fertilization of
an anucleate oocyte (devoid of the maternal X) [10].
This totally androgenic conceptus is characterized
by generalized trophoblastic hyperplasia and rapidly
developing villous edema with central cistern forma-
tion, giving the macroscopic appearance of a “bunch
of grapes.” The fluid, at first uniformly distributed
in the core of the villi, collects in several loculi to
coalesce into a central cistern [4–7].

The incidence of CHM varies geographically
between 1 in 200 in China and 1 per 1500 pregnancies
in Europe and North America [11–13]. Maternal age
of less than 20 and over 35 years of age are the best
established risk factors for CHM [14]. Complete hyda-
tidiform moles can also develop rarely as part of a
multiple pregnancy [15] and exceptionally in post-
menopausal women [16]. Following uterine evacua-
tion around 15% of women with a CHM develop a
GTN [9], including persistent GTD (pGTD) in
10–20% and choriocarcinoma in 1–2%.

Classically, women with CHM present with vagi-
nal bleeding, uterine enlargement greater than
expected for gestational age and abnormally high lev-
els of serum hCG. Medical complications include
pregnancy-induced hypertension (PIH), hyperthy-
roidism, hyperemesis, anemia and the development
of ovarian theca lutein cysts in patients with marked
hCG elevations as a result of ovarian hyperstimula-
tion (Table 8.1). Historically, 54% of patients pre-
sented with hemoglobin levels less than 10 g/dL;
now that earlier diagnosis is more common, only
5% of current patients present with anemia.
Similarly, theca lutein cysts over 5 cm in diameter
were historically present in 46% of patients with
CHM, growing sometimes to 20 cm leading to ovar-
ian torsion or rupture of theca lutein cysts. Overall,
with the routine use of transvaginal high-resolution
ultrasound in the first trimester of pregnancy, the
incidence of all of these complications has decreased
over the last 20 years [7,8,17–19].

The prenatal ultrasound diagnosis of CHM usually
poses little problem from the third month of preg-
nancy (8–10 weeks) onwards and it can be made
antenatally in around 80% of the cases (Table 8.2)
[18–26]. Molar changes can now even be detected
from the second month of pregnancy by ultrasound
which typically reveals a uterine cavity filled with

Table 8.1 Comparison of historical (H) and modern (M) incidence
of the main semiological features in complete hydatidiform mole
(CHM) and modern incidence in cases of partial hydatidiform mole
(PHM) diagnosed during the second trimester of pregnancy.

Symptoms CHM PHM

H (%) M (%) M (%)

Uterine
enlargement

50 25 10

Vaginal
bleeding

95 60 4

Hyperemesis 30 10 Rare

Multicystic
ovaries

30 1–2 Rare

Pre-eclampsia 20 1–2 2.5

Anemia 55 5 Exceptional

High serum
hCG

10–200
MoM

10–60
MoM

Figure 8.1 Typical ultrasound appearances of villous molar
transformation in an early second-trimester partial mole.
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multiple sonolucent areas of varying size and shape
(“snow storm appearance”) without any associated
embryonic or fetal structures (Table 8.3). Large sono-
lucent areas or maternal lakes due to stasis of maternal
blood inbetween the molar villi are often found
[18–19]. Theca lutein cysts secondary to the very
high hCG levels may be diagnosed in up to 30% of
the cases, producing enlarged ovaries with either a
“soap bubble” or “spoke wheel” appearance [19]. The
role of Doppler is limited, although it almost always
demonstrates high velocities and low resistance to
flow in the uterine arterial circulation and will only
be of clinical interest in the diagnosis of an invasive
mole [19].

Usually, the ultrasonographic description of
CHM applies to pregnancies between 9 and 12 weeks
of amenorrhea (Table 8.2). Prior to this, demonstrat-
ing villous hydatidiform changes using ultrasound

may be very difficult and inaccurate [19]. Uterine
dysgerminomas, which are the most frequent malig-
nant germ cell tumor in women, may appear as an
heterogeneous intrauterine mass with multiple echo-
lucent spaces. Other uterine tumors such as sarcomas
or lymphomas may also have features similar to those
of a CHM on ultrasound and should theoretically
be considered in the differential diagnosis [19–27].
These tumors do not usually produce hormonal
tumor markers such as hCG or alpha-fetoprotein
(AFP). Within the context of an early pregnancy
failure, previous ultrasound data [7–11] and our
recent series comparing ultrasound and histological
features [12] indicate that at least 80% of CHM
should be diagnosed at the time of the first ultrasound
examination. As ongoing CHM are associated with
hCG levels of 10–200 MoM (multiples of the
median), and PHM with levels of 10–60 MoM [7,11],
pre-evacuation hCG levels may be a useful adjunct
to histology in first-trimester spontaneous miscar-
riages. This is particularly so in cases with unusual
ultrasound appearances.

A classical mole coexisting with a normal fetus
and placenta in cases of molar transformation of one
ovum in a dizygotic twin pregnancy have been most
frequently diagnosed at around 15–20 weeks at a later
gestational age than would be expected with a com-
plete mole. We have found that as a complete mole
produces a characteristic vesicular sonographic pat-
tern, their association with a normal gestational sac
can be accurately determined at around 12–14 weeks
[15,18,19]. An early ultrasound diagnosis may be
difficult because the molar placenta may partially
cover the normal placenta. The incidence of this
GTD in the first trimester of pregnancy is unknown
but as vaginal bleeding is themost common presenting
symptom in >95% of cases the first ultrasound

Table 8.2 Comparison of ultrasound mean gestational age (MGA) at diagnosis and detection rate (DR) in complete hydatidiform mole
(CHM) and partial hydatidiform mole (PHM) in retrospective studies.

Author(s) CHM PHM

(Year) n MGA (weeks) DR (%) n MGA (weeks) DR (%)

Lazarus et al. [21] 21 10.5 57

Lindholm & Flam [20] 75 12.4 84 60 14.3 30

Benson et al. [22] 24 8.7 71

Fowler et al. [23] 200 10.0 79 178 10.0 29

Kirk et al. [24] 20 95 41 20

Table 8.3 Ultrasound differential diagnosis of molar
pregnancies in early pregnancy.

Category Ultrasound features

Complete hydatidiform mole (CHM)

Single CHM Avascular Snowstorm appearance
No fetus/multicystic ovaries

Twin/Triplet CHM Avascular Snowstorm appearance
Multicystic ovaries
Normal fetus with normal placenta

Partial hydatidiform mole (PHM)

On-going
pregnancy

Swiss Cheese appearance/
placentomegaly
Small CRL (<10th centile)
Fetal malformation (rare <12 weeks)

Miscarriages Increased gestational sac diameter ratios
Cystic changes in the placenta
Increased placental echogenicity
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examination for these women is likely to take place in
the early pregnancy unit. The ultrasound diagnosis
becomes easier as pregnancy advances as the marked
generalized swelling of the molar tissue with large
hemorrhagic areas can be more easily identified on
ultrasound [18,19]. The mother must be informed
that if she wishes to continue the pregnancy she will
be at high risk of developing severe medical complica-
tions classically described in CHM before the develop-
ment of high-resolution ultrasound examination [15].
Overall she only has a one in four chance of a live birth
and around 35% chance of developing persistent
trophoblastic disease (PTD) after delivery. In ongoing
pregnancies there is a greater than 15% risk of early
onset of pre-eclampsia (PET) and a 30% risk of fetal
loss due to late miscarriage, intrauterine death and
neonatal death (Table 8.4). This type of GTD is

associated with very high maternal hCG levels [15]
which can be used to monitor the growth of the
molar mass in women deciding to continue with the
pregnancy until fetal viability is reached.

Partial hydatidiform moles
The term partial hydatidiform mole (PHM) refers to
the combination of a fetus with localized placental
molar degeneration. Histologically it is characterized
by focal swelling of the villous tissue, focal tropho-
blastic hyperplasia and embryonic or fetal tissue
[4–7]. The abnormal villi are scattered within macro-
scopically normal placental tissue that tends to
retain its shape. Theoretically, the histopathological
definition should only be applied when villous hyda-
tiform changes are associated with trophoblastic

Table 8.4 Perinatal data of 176 pregnancies combining a normal fetus and placenta with a complete hydatidiform mole (CHM)
(modified from Wee & Jauniaux, 2005 [15]).

Variables Sebire
et al. [42]

Bristow
et al.
[43]

Steller
et al. [44],
Fishman
et al. [45]

Jauniaux et al.
[32] & UCLH
(1996–2008)a

Single case
reports (Wee &
Jauniaux) [15]

Total

No of cases 77 26 29 10 34 176

Mean gestational age
in weeks at diagnosis
(range)

NA 21 (±5) 21 (±7) 14 (±3) 17 (±7) 18 (±5)

Pregnancy
complications

Vaginal bleeding NA 24 (92%) 25 (86%) 10 17 (47%) 77% (76/99)

PET 3 (4%) 7 (26%) 7 (24%) 2 7 (19%) 14% (25/176)

Theca lutein cyst NA 6 (23%) 6 (21%) 4 NA 25% (16/65)

Hyperthyroidism NA NA 1 (11%) 0 3 (5%) 5% (4/73)

Outcome

Termination of
pregnancy

26b (34%) 19 (73%) 17 (59%) 1 19 (56%) 47% (82/176)

Pre-term delivery 28 (36%) NA 7 (24%) 3 4 (12%) 29% (44/150)

Fetal lossc 31 (40%) NA 3 (10%) 3 5 (15%) 27% (41/150)

Term livebirth 20 (26%) 7 (27%) 2 (7%) 3 8 (24%) 23% (40/176)

Chemotherapy for PTD 15 (20%) 15 (58%) 16 (55%) 4 12 (35%) 35% (62/176)

NA = not available; PET = Pre-eclampsia; PTD = persistent trophoblastic disease.
aUCLH Prospective series.
b Includes two cases of termination of pregnancy for pre-clampsia.
c Includes spontaneous miscarriage, intrauterine death and neonatal death.
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hyperplasia, which cannot be demonstrated by ultra-
sound. The hydatidiform changes are also focal
resulting in an irregular patchwork of seemingly nor-
mal and affected areas. Women with PHM generally
present with signs and symptoms consistent with
missed or incomplete miscarriage. Most often, in
fact, the diagnosis of PHM is made upon histological
review of curettage specimens [28]. The classical pre-
sentation described for complete molar pregnancy is
rare in PHM (Table 8.1).

The estimated incidence of partial mole is 1 per
700 pregnancies and does not seem to vary around
the world [2,4–7]. Partial moles are triploid in 90%
of cases, having inherited two sets of chromosomes
from the father and one from the mother [6,7].
Two fetal phenotypes have been delineated: type I
(paternally derived, i.e. diandric triploidy) fetuses
are relatively well-grown, have a proportionate
head size and are associated with placental partial
molar changes; in type II (maternally derived, i.e.
digynic triploidy) fetuses present with severe asym-
metrical growth restriction and an apparently normal
placenta [6,7].

Following uterine evacuation between 0.5 and
5.6% of women with a PHM develop pGTD [7–9,29].
True choriocarcinomas are rare after PHM but have
been recently reported [30]. Older maternal age and a
history of previous molar pregnancy are associated
with development of pGTD [29]. Wide variation in
the incidence of pGTD after PHM is probably due to
the absence of epidemiological data on large un-
selected populations. Some of this variation is also a
result of differences between population-based versus
hospital-based pregnancy data.

Triploidies are highly lethal chromosomal abnor-
malities and most embryos affected by this defect
will die within a few weeks following conception
[31]. Within this context, paternally inherited or
dyandric triploidies are more likely to survive until
the second trimester but in PHM, the hydatidiform
transformation is slower than in CHM and before
12 weeks’ gestation many present simply as an
enlarged placenta (Table 8.3) without obvious
macroscopic vesicular changes [7,25,26,32,33]. It is
therefore not surprising that the ultrasound diagnosis
of PHM is less accurate than that of CHM at the
same gestational age and that around 70% of those
cases will be missed antenatally (Table 8.2). Until
recently up to 50% of women with complete moles
miscarried spontaneously before the diagnosis was

made. Several ultrasound features have been proposed
that might increase the ultrasound detection of molar
change in missed miscarriages in the first trimester.
These include gestational sac diameter ratios, cystic
changes in the placenta and the increased echogenicity
of placental tissue [7,18,34,35].

Pre-evacuation hCG levels may be a useful adjunct
to histology in first-trimester spontaneous miscar-
riages, in particular in cases with unusual ultrasound
appearances [26,33]. In our prospective preliminary
study, nine of our 13 molar pregnancies in which a
pre-operative hCG was available demonstrated an
hCG of 2 to 10.8 MoM. Karyotype or ploidy deter-
mination could also be useful in the diagnosis of
difficult cases, but are not useful as first-line diagnostic
tools as they are expensive and time consuming. DNA
ploidy can be useful in problem cases to discriminate
between PHM and CHM and is cheaper and faster
than karyotyping [3,36,37], but can also be associated
with misclassification, particularly if maternal tissue is
present. In addition, ploidy analysis cannot distinguish
between a diploid molar pregnancy and hydropic
abortion [38]. Differences in expression of imprinted
genes between complete and partial molar pregnancies
have been shown to be useful in differential diagnosis.
Using immunohistochemical techniques, the expres-
sion of a known imprinted gene can be used to indicate
the presence of a functional maternal copy of that
gene in partial molar gestations, and absence of the
maternal copy in complete moles [39].

We have proposed a combined approach using
hCG and ultrasound features in order to screen out
those cases that require histology, follow-up and refer-
ral [26]. As most women in Europe and North
America now have access to an ultrasound examina-
tion in early pregnancy, women presenting with ultra-
sound features suggesting an hydatidiform mole
should be fully investigated including cytogenetic or
ploidy analysis and detailed histopathology. Women
could be further selected for this investigation
before a uterine evacuation on the basis of their hCG
level but this screening strategy needs to be tested
prospectively in a large population.

Rare causes of true partial hydatidiform
mole
Villous hydatidiform transformation can be found in
association with tetraploidy and other chromosomal
abnormalities [7]. As the vast majority of tetraplodies
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miscarry spontaneously during the first weeks of
pregnancy, tetraploidies resulting from a double or
triple paternal contribution and presenting with a
partial “molar” placenta have been rarely described
in ongoing pregnancies. Confined placental diploid
or triploid mosaicism may appear as triploid partial
mole on scan but in these cases, the fetus is anatom-
ically normal and has a diploid karyotype [7].
Ultrasound and pathological examination may in
rare cases be complicated by the fact that the molar
placental tissue comes from a resorbed twin. In
these cases, the mother remains at risk for the com-
plications of triploid PHM and in particular she may
subsequently develop early pre-eclampsia. In most
of these cases, the maternal serum hCG is high [7]
and the mother can be at risk of pGTD.

Pseudo-molar pregnancies
Although there is a well-established clinical associa-
tion between molar changes of the villi and tropho-
blastic hyperplasia, hydropic villous changes can be
found in conditions unrelated to GTD such as mesen-
chymal dysplasia [7].

In early pregnancy and in particular in missed
miscarriage, independently of the presence of a
chromosomal abnormality, the progressive disappear-
ance of the villous vasculature after embryonic death
(before 7–8 weeks menstrual age) leads to villous
hydrops, which does not however herald a true PHM
[28,37,38]. Focal villous hydropic changes may also be
found in pregnancies presenting with trisomy or
monosomy and are probably related to insufficient
development of the villous vasculature in some pla-
cental areas as part of a larger vascular maldevelop-
ment involving the fetal circulation or to villous
degeneration in cases of placental retention following
embryonic/fetal demise [1,40]. Hydrops of the stem
villi with placentomegaly but a normal trophoblast
have also been observed in cases of Beckwith–
Wiedemann syndrome and with a phenotypically
normal fetus. This anomaly appears to be a limited
malformation of the extraembryonic mesoderm
involving the mesenchyme and the vessels of the
stem villi of several cotyledons and it has, therefore,
been referred to as mesenchymal dysplasia. Beside a
partial mole appearance and increased thickness, the
placenta show no vascular abnormalities until mid-
gestation. Overall, the risk of pGTD developing from
a histologically confirmed non-molar hydropic mis-
carriage is considered to be less than 1 in 50 000 [41].
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Chapter

9 Uterine natural killer cells
and reproduction
Siobhan Quenby and Ai-Wei Tang

Introduction
Reproductive failure has been thought to have an
immune etiology for many years. More recently there
has been a focus on the innate immune system in
which natural killer (NK) cells play a major role. A
particular type of natural killer cell, the uterine natural
killer (uNK) cell has been associated with both recur-
rent miscarriage (three or more consecutive miscar-
riages) and recurrent implantation failure (failure of
pregnancy after three or more cycles of embryo trans-
fer of good-quality embryos). These uNK cells com-
prise about 20% of human endometrial cells in the
luteal phase and have been extensively studied and
found to be different from leukocyte populations in
peripheral blood [1]. In human endometrium, the
population of leukocytes consists mainly of T cells,
macrophages and uNK cells [2]. These cells change
in proportion and numbers throughout the menstrual
cycle and pregnancy with the most predominant of
these being uNK cells [1].

In recent years, with greater understanding of the
interaction between fetal and maternal cells that occur
during placentation in the uterus, the role of uNK cells
as a significant factor of reproductive failure has been
a subject of discussion. Much of the information on
uNK cell biology and function comes from studying
mouse endometrium due to difficulty in obtaining
human tissue in pregnancy for research purposes.
However, work on animals has given much insight
into uNK function in humans.While the exact function
and origin of uNK cells are still being investigated, there
is increasing interest in uNK cells as endometrial causes
of reproductive failure have not yet been elucidated.

Uterine natural killer cells
Uterine natural killer cells are characterized by their
cytoplasmic granules and previously had many names,

including “granular endometrial stromal cell,” “endo-
metrial granulocytes,” “K cells,” and “large granulated
lymphocyte” [3]. The name “uterine natural killer”
has recently been adopted as these cells share similar
properties with natural killer (NK) cells in the blood,
part of the innate immune system, but are unique with
their own distinct antigenic features (Table 9.1) [3].

Both uterine and peripheral blood NK cells express
the CD56 antigen [4,5]. It is the intensity of CD56
and the lack of CD16 and CD57 antigens, typical NK
cell markers, that differentiate uterine from periph-
eral NK cells. The density of CD56 on uNK cells is
20 times that of the majority of peripheral blood
NK cells. Eighty percent of uNK cells are CD56bright

and CD16– whereas 90% of peripheral NK cells are
CD56dim and CD16+ [4,5]. Although about 10% of
peripheral NK cells are CD56bright and CD16–, they
differ from the uNK subtype as their intensity of
CD56 is less and they are agranular [4].

There is also no correlation between the numbers
of peripheral NK cells and uNK cells and they both
express different functional markers (Table 9.1). All
uNK cells express CD94/NKG2 receptors compared
with only 50% of peripheral blood NK cells. Although
peripheral CD56bright NK cells do not express the
killer-cell immunoglobin-like receptors (KIR), this is
expressed by both uterine CD56brightCD16– and
peripheral CD56dimCD16+ NK cells [6]. Despite
their name, uNK cells display only weak cytotoxic
capabilities against target cells compared to their
peripheral NK equivalent [7]. Uterine natural killer
cells exert their function by production of high levels
of cytokines such as granulocyte-macrophage colony
stimulating factor (GM-CSF), colony stimulating
factor-1 (CSF-1), tumor necrosis factor-alpha (TNF-α),
interferon-gamma (IFN-γ), transforming growth
factor-beta (TGF-β), leukemia-inhibitory factor
(LIF) and interleukin-2 (IL-2) [8]. No relationship
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has been found between specific cytokine production
and cytotoxic function between different NK cell
phenotypes [7].

Uterine natural killer cells form the largest group
of leukocytes in the endometrium but they vary in
proportion to other leukocyte populations signifi-
cantly throughout the menstrual cycle (Figures 9.1
and 9.2). In the proliferative phase, both T cells and
uNK cells are of equal proportion, about 40% each of
all leukocytes. However, uNK cell numbers increase
to encompass about 60% of leukocytes by the mid-
luteal phase and continue to peak to >75% of leuko-
cytes in early pregnancy when implantation occurs
[1]. Analysis of uNK cells during pregnancy is diffi-
cult due to the problems in obtaining tissue for
research and thus the level of uNK cells in the second
trimester of pregnancy is not certain. In the third
trimester, uNK cell numbers generally decrease dras-
tically in the decidua attached to placental mem-
branes and delivered placenta but substantial
numbers are still found in placental bed biopsies
(3]. Uterine natural killer cells tend to also accumu-
late in large numbers around blood vessels and
glands which could implicate either function or ori-
gin (Figure 9.3) [1]. The fluctuation of numbers
according to the menstrual cycle suggests that their
existence depends on hormonal regulation [6].

The source of uNK cells
The process of how uNK cells arrive in large numbers
into the endometrium during the late secretory phase
of the menstrual cycle is still questioned but two
main theories exist. One is in-utero proliferation and
differentiation of stem cells or indigenous NK cells in
the endometrium, and the other is recruitment of

Table 9.1 The difference between subsets of natural killer (NK) cells.

Phenotype and function Peripheral blood Endometrium

CD56dim CD56bright CD56bright

Proportion of NK cells 90% 10% 80%

CD56 + ++ ++++

CD16 ++ +/− −

CD3 − − −

NK activity High Low Low

Morphology Large and granular Small and agranular Large and granular

Cytokine production − + ++++

Figure 9.1 Proliferative phase endometrium showing low levels of
uterine natural killer (uNK cells) (stained brown). A color reproduction
of this figure can be found in the color plate section.

Figure 9.2 Mid-luteal phase endometrium showing higher
numbers of uterine natural killer (uNK) cells (stained brown). A color
reproduction of this figure can be found in the color plate section.
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hematopoietic stem cells or CD56bright cells from periph-
eral bloodwhich subsequently differentiate in the uterine
microenvironment into the uNK cell phenotype.

In-utero proliferation and differentiation
Although there are only few CD56bright cells in the
proliferative phase, they are still present. Therefore,
there could be local proliferation of residual uNK
cells present in the stratum basalis that is not shed
during menstruation [3]. Furthermore, there is an
increase in expression of Ki-67, a proliferative marker
on uNK cells in both secretory phase endometrium
and decidua of early pregnancy which supports this
theory. When comparing both tissue types, maximum
proliferation was seen in secretory phase endometrium
and there was a downward trend of proliferation in
the decidua as gestation proceeded [4]. Similarly, the
concentration of IL-15, a cytokine uniquely expressed
in the endometrium that helps in stimulating prolifer-
ation, also peaks during the secretory phase [9].

Another theoretical mechanism arises from the
fact that the endometrium sheds every month and is
highly regenerative. Hence, the idea of endometrial
stem cells and their potential functional capacity has
been supported recently [10]. Although the exact
markers and function of these stem cells are yet
unknown, they could potentially differentiate and pro-
liferate into these special uNK cells in the uterus [6].

Trafficking from peripheral blood
The alternative theory proposes the recruitment of
peripheral blood cells into the endometrium through

hormonally regulated methods via chemokines and
cytokines [6]. This is because the uNK cell population
varies with the menstrual cycle, and immunohisto-
chemistry staining for CD56bright cells show that they
commonly form aggregates around the spiral arteries
and glands [1]. Once these cells are recruited, they
could then differentiate into uNK cells.

Progesterone is the main hormone found during
the secretory phase of the menstrual cycle and is thus
thought to regulate uNK cells. However, these cells
express estrogen receptor-β (ER-β) and glucocorticoid
receptors but not progesterone receptors [11]. As the
precise mechanism of recruitment of cells from the
peripheral blood is still unknown, it could either be
mediated directly through actions of estrogen via the
existing ER-β receptor, directly through action of
progesterone via an unidentified receptor, or through
progesterone action on endometrial T cells and stro-
mal cells via prolactin, IL-15, macrophage inflamma-
tory protein-1β (MIP-1β) or vascular endothelial
growth factor (VEGF) in attracting peripheral NK
cells [12].

Two cytokines of interest are IL-15 and MIP-1β.
Both are secreted by endometrial stromal cells and
believed to be chemo-attractants for recruitment of
peripheral cells as they are distinctly expressed in the
vascular and perivascular areas in the secretory phase
endometrium at a higher concentration compared
with the proliferative phase [9,13]. There is also a
strong correlation between cytokine levels and the
number of uNK cells. Once recruited, IL-15 can con-
tinue to assist in its proliferation and differentiation
into unique uNK cells [9].

Regulation of menstruation
The time period between implantation and menstru-
ation (7–14 days after ovulation) is crucial as the
endometrium has to either decidualize to prepare for
pregnancy or initiate menstruation. If implantation
does not occur, then the functional layer of the endo-
metrium is shed. Prior to menstruation, a fall in pro-
gesterone levels is synonymous with characteristic
nuclear changes similar to apoptosis occurring in
uNK cells [6]. These changes are only seen in late-
secretory endometrium and not in normal decidua.
They also occur before any other features of menstrual
breakdown such as neutrophil infiltration, clumping
of stromal cells and interstitial hemorrhage are
present. Therefore the death of uNK cells could be

Figure 9.3 Uterine natural killer (uNK) cells (stained brown) forming
aggregates around blood vessels. A color reproduction of this
figure can be found in the color plate section.
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the initial triggering event for mucosal breakdown and
menstruation [6].

The functions of uNK cells

Regulation of trophoblast invasion
and growth
Despite extensive studies into uNK cells, their exact
roles remain unknown. One of their functions could
be in the establishment and maintenance of early
pregnancy as their presence peaks at a time when
implantation should occur. Human species have the
most invasive placenta. When implantation occurs,
there needs to be adequate invasion of the trophoblast
to allow for good maternal blood supply but at the
same time invasion should not be so deep that it causes
pathology such as placenta accreta or gestational
trophoblastic disease [6]. There is evidence to imply
that uNK cells play an important role in initiating
decidualization and regulating trophoblast invasion
as these cells are hormonally dependent and accumu-
late as a dense infiltrate at the implantation site near
stromal cells, glands, blood vessels and trophoblast
cells in early pregnancy [4]. In-vitro studies have
also shown that extravillous trophoblast and uNK
cell interaction can occur and may regulate the mater-
nal immune response to the fetal allograft [14].

Regulation via extravillous trophoblast
and uNK cell interaction
Trophoblast cells constitute the fetal side of the inter-
face between fetal and maternal tissue. Trophoblast
mediates the implantation of embryo into the
endometrium and has specialized immunological fea-
tures. Neither syncytiotrophoblast nor cytotropho-
blast cells express classical class I human leukocyte
antigen-A (HLA-A) or HLA-B or class II HLA-DP,
HLA-DQ or HLA-DR major histocompatibility
complex (MHC) alloantigens involved in graft rejec-
tion. Instead, the invasive, extravillous trophoblast
(EVT) cells express an unusual combination of non-
classical class I MHC molecules, HLA-E and HLA-G
with low expression of HLA-C [14]. Uterine natural
killer cells are found to express receptors such as
killer-cell immunoglobulin-like receptors (KIR),
immunoglobin-like transcripts (ILT) and CD94/
NKG2 proteins which recognize all these non-
classical MHC molecules [14]. Thus, there are poten-
tial molecular interactions for maternal recognition

of trophoblast which results in either activating or
inhibitory mechanisms.

The receptors on uNK cells for HLA-C are mem-
bers of the KIR multigene family. All women express
KIRs for HLA-C alleles and because HLA-C is poly-
morphic, maternal uNK cells can encounter non-self
paternal HLA-C alleles on trophoblast and each preg-
nancy may present a different combination of KIRs
and HLA-C [15]. The percentage of KIR expressed
and density of receptor expression also differ between
individuals. This interaction plays a physiological
role related to immune regulation and placental
development. Obvious differences were observed
with different combinations of polymorphic ligand-
receptor pairs and have been associated with pre-
eclampsia, a condition that is known to be secondary
to poor trophoblast invasion [16]. These specific fetal
HLA-C/maternal KIR genotype combinations have
also been identified in recurrent miscarriage [17].

HLA-E has a high affinity for CD94/NKG2
dimers on uNK cells. The overall effect is inhibition
of cytolysis of either maternal or fetal tissues by uNK
cells [18]. However, uNK cells are unable to kill
trophoblast even when these receptors are blocked
by antibodies which suggests that this interaction
may regulate other functions besides cytolysis during
implantation. It could be that other inhibitory path-
ways exist or trophoblast lacks specific surface mol-
ecules to initiate killing [18].

Specific receptors for HLA-G, which is expressed
only by EVT are yet to be defined [14]. HLA-G is
recognized by CD94/NKG2 via co-expression with
HLA-E or by ILT-2 leading to decreased sensitivity to
NK cell-mediated cytotoxicity [6]. HLA-G interaction
has also been shown to stimulate proliferation of
uNK cells and increased production of IFN-γ and
vascular endothelial growth factor (VEGF) [19].
Although there is evidence for uNK and EVT interac-
tion through these MHC molecules and receptors, the
final consequences of these interactions are still unclear.

Regulation via cytokine production
Control of trophoblast invasion was initially thought
to be via cell-mediated cytotoxicity as uNK cells
were capable of cytolysis although less than their
peripheral equivalent [7]. However, as mentioned
before, trophoblast cells are resistant to lysis by uNK
cells as they express non-classical HLA class I antigen,
unless stimulated by IL-2, which is not present in the
endometrium in large amounts in normal pregnancy.
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Thus, a different mechanism had been proposed,
that uNK cells and EVT interactions altered the profile
of cytokine production, ultimately resulting in a
change in the invasive behavior of trophoblast [6].

Uterine natural killer cells are known to produce
many cytokines such as GM-CSF, CSF-1, TNF-α,
IFN-γ, TGF-β, LIF, IL-2 and IL-10, some of which
trophoblast has receptors for [8,20]. Thus, there
could be a role for these uNK cell-derived cytokines
on trophoblast growth and differentiation or apop-
tosis and defective invasion of the endometrium.
For example, GM-CSF has been shown to stimulate
DNA synthesis in culture of murine trophoblast and
CSF-1 increases production of hCG and human pla-
cental lactogen (hPL) by trophoblast. Both these
cytokines have also been shown to cause placental
cell proliferation in mouse models [12]. Similarly,
IL-4, IL-6 and LIF stimulate hCG secretion by tropho-
blast cells [21]. Another cytokine, macrophage migra-
tion inhibitory factor (MIF), produced by uNK cells
and expressed highly in endometrium and human
placenta, reduces the cytolytic capabilities of uNK
cells [22].

On the other hand, IFN-γ has been shown to
inhibit EVT invasion within early human pregnancy
decidua both by increased EVT apoptosis and reduced
levels of active proteases [23]. Similarly, TNF-α
impairs trophoblast invasion through elevation of
plasminogen activator inhibitor-1 (PAI-1) [24].
Transforming growth factor-beta (TGF-β) is also
known to affect growth and differentiation of first-
trimester trophoblast by inhibiting intergrin expres-
sion, HPL and hCG secretion [21]. Some of these
cytokines also regulate production of matrix metal-
loproteinases (MMP) -2 and MMP-9 that plays a role
in trophoblast invasion [21]. A recent study demon-
strated that granulysin, a cytotoxic granule protein
produced by uNK cells causes apoptosis of EVT and
granulysin-positive uNK cells can attack EVT [25].
Therefore, any alternations in the production of
cytokines could contribute to the imbalance of this
unique fetal–maternal interface immune phenomena
leading to abnormal implantation and the clinical
presentation of a miscarriage.

Regulation of vascular remodeling
These uNK cells are found in high numbers around
blood vessels. Whether their location is a reflection of
trafficking cells from peripheral circulation or due to
the possible function of uNK cells in development

and remodeling of uterine spiral arteries is still not
known. However, early structural changes including
dilatation and medical disorganization that occurs
in decidual spiral arteries happen at the time when
uNK cells are present. These cells also reduce in
number after 20 weeks’ gestation when vascular
changes are generally complete. The variation in num-
bers and timeline implicate its function in vascular
remodeling [3].

Apart from cytokines, uNK cells are also found to
secrete high levels of angiogenic growth factors such as
VEGF-C, placental growth factor, angiopoietin-1
(Ang-1), Ang-2 and TGF-β in both non-pregnant
endometrium and early pregnancy decidua [26,27].
Their levels decrease with increasing gestation which
suggests their role in modulating vascular growth
in early pregnancy could be regulated by other cyto-
kines, such as IL-2 and IL-15, that are secreted by
uNK cells [26]. For example, Ang-2 may be an import-
ant mediator for spiral artery transformation and
destabilization of vessel structure and is only expressed
in tissues associated with vessels undergoing remodel-
ing [26]. Another cytokine thought to play a role is
IFN-γ secreted by uNK cells. Studies in mice models,
from which a lot of evidence for uNK cells’ involve-
ment in spiral artery transformation has come, show
that mice deficient in uNK cells or IFN-γ signaling
have implantation site abnormalities and failure of
decidual artery remodeling [28].

A recent study has also showed that uNK cell
density was positively correlated with the formation
of blood vessels, lymphatics, spiral arterial smooth
muscle differentiation and endometrial edema [29].
Clinically, increased uNK cell density was associated
with reduced uterine artery resistance to blood flow.
Hence it was proposed that the mechanism by which
high uNK cell density was associated with reproduct-
ive failure was one of increased angiogenic cytokine
production leading to increased angiogenesis and
inappropriate blood flow to the developing fetal–
placental unit, cause oxidative stress and subsequent
miscarriage.

Uterine NK cells and recurrent
miscarriage
Recurrent miscarriage (RM) is a stressful condition
for both patients and clinicians. There is no cause
found in up to 50% of cases for the repeated losses
despite numerous investigations [30]. Many clin-
icians believe that there is an underlying endometrial
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factor contributing to these recurrent pregnancy los-
ses [31]. As uNK cells are the most predominant
leukocyte in the endometrium in early pregnancy,
they could play a major role in recurrent miscarriage.
Moreover, studies comparing normal and miscarried
early pregnancy decidua have implicated uNK cells
in the etiology of RM by being phenotypically differ-
ent in these two patient groups [32,33]. This relation-
ship could be explained in two ways. These cells are
either hostile to the invading trophoblast, or they
may facilitate implantation of abnormal blastocysts,
both leading to the clinical presentation of miscar-
riage [34].

Although the association between uNK cells and
RM has been repeatedly reported, there are differences
in the methods of analysis of uNK cells in pre-
implantation endometrium, leading to differing
results. A study using flow cytometry found decreased
numbers of CD56brightCD16– NK cells and increased
CD56dimCD16+ NK cells in mid-luteal endometrium
[35]. Conversely, studies using immunochemistry
staining have found increased numbers of
CD56brightCD16– NK cells in patients with RM
[36–38] (Figure 9.4). However, numbers of uNK
cells may not correlate directly with function and the
significance of these observations is still not known.
We know that in mice, uNK cells are needed for
decidualization and appropriate vascularization of
the implantation site to occur [39]. Thus, there is
doubt if high numbers of uNK cells are harmful to
the trophoblast.

There is also an association between high numbers
of uNK cells and women with RM of severe phenotype
[40]. It has been suggested that the significantly
decreased number of uNK cells in controls who all
have had previous births were due to the effect of a
previous term pregnancy as pregnancy and birth
involve extensive changes in size and vascularization
of the uterus. However, a study showed that five
women who had a previous birth had >5% of uNK
cells, excluding the possibility that a live birth reduces
uNK cells to <5% in all women [40]. Whether high
numbers of uNK cells in the mid-luteal phase predict
subsequent miscarriage is controversial. One study
suggested that they do [36] but a more recent slightly
larger study refuted this [38]. However, both these
studies are inadequately powered and did not undergo
rigorous methodology to assess if uNK cell population
predicted reproductive failure.

The other explanation of uNK cells facilitating
implantation of abnormal blastocyts including those
with abnormal karyotype is supported by findings
of differences in uNK cell populations in decidua
of RM patients with normal and abnormal karyotype
[32]. Additionally, uNK cells are more numerous
in the decidua of chromosomally abnormal miscar-
riages compared with chromosomally normal miscar-
riages [33].

The use of steroids in an attempt to improve
pregnancy outcomes by pharmacological manipula-
tion has been suggested as uNK cells express gluco-
corticoid receptors and ER-β [11]. There are also case
reports of success with its use. Although there was no
uNK cells measurement, a patient with ten previous
miscarriages had a live birth after receiving precon-
ceptual steroids [41]. More recently, a patient with
excessive uNK cells with 19 previous miscarriages
had a successful pregnancy outcome after receiving
preconceptual steroids [42]. Furthermore, a prospect-
ive study using 20mg prednisolone from day 1 to day
21 of the cycle demonstrated a reduction in uNK cells
in the pre-implantation endometrium of patients
with RM [40]. Although the number or density of
uNK cells may not reflect their function, the pro-
found difference in numbers seen in women with
reproductive failure is likely to implicate a functional
endometrial change.

As uNK cells share many similar properties with
peripheral blood NK cells, their population in the
blood has also been reported to be associated with
RM. A higher level of peripheral NK cells and higher

Figure 9.4 Immunochemistry staining on patient with RM showing
high levels of uterine natural killer uNK cells (stained brown) in
mid-luteal phase endometrium. A color reproduction of this figure
can be found in the color plate section.
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activity pre-conceptionally were found in patients
with RM and to be predictive of further miscarriages
in this group of women [43]. However, the value of
testing peripheral blood for NK cells to gauge the
state of the endometrium is questioned [44].
Moreover, any tests for NK cells, either in the per-
ipheral blood or in endometrium biopsies to guide
potential treatment are controversial and should not
be routinely offered [44]. Apart from steroids, other
immunomodulation therapies such as intravenous
immunoglobulin (IvIg), third-party donor cell im-
munization, paternal cell immunization and tropho-
blast membrane infusion have been proposed.
However, there is conflicting evidence as to their effi-
cacies and a meta-analysis of trials comparing these
immunotherapies has found no evidence of a benefi-
cial effect over placebo in preventing further miscar-
riages [45].

Uterine natural killer cells and
recurrent implantation failure
Some couples have recurrent implantation failure
despite producing high-quality embryos. Although it
is known that there may be other causes contributing
to their infertility, it is logical to assume that this
group of women have an endometrial pathology that
is contributing to these pregnancy failures. There is also
a similar relationship between uNK cells and uterine
artery Doppler in women with RM and in women with
recurrent implantation failure (RIF) which suggests a
similar underlying endometrial pathology in these two
conditions [29]. However, high uNK cells are only part
of a complex array of immune and vascular abnormal-
ities in the endometrium of patients with RIF and more
research is needed to understand the immunology of
inadequate uterine receptivity [46].

There are also controversies regarding the associa-
tion of NK cells in the endometrium and blood of
patients with RIF. Immunochemistry staining has
found increased numbers of CD56brightCD16– NK
cells in secretory endometrium of patients with RIF
[46]. However, when flow cytometry was used, no
difference in uNK cell populations was detected in
patients with RIF compared with those reported in
normal human endometrium [47]. Peripheral blood
analysis for NK cells have found that a higher number
of CD56dimCD16+ NK cells which are more cytotoxic
when activated were associated with poorer pregnancy
outcomes due to a harmful role in successful implanta-
tion [48]. However, the debate of associating peripheral

NK cell counts which are phenotypically and function-
ally different to uNK cell activity in the endometrium
has not been resolved [44].

Steroids have been used as anti-inflammatory
agents to try to improve success of implantation, as
aside from the immunology of pregnancy, there
could be other inflammatory processes in the practice
of in-vitro fertilization (IVF) such as stimulation
from the intrauterine catheter during embryo trans-
fer [49]. Additionally, a study using 10mg predniso-
lone a day for 5 weeks prior to IVF and embryo
transfer found a significantly increased implantation
rate in women with a possible autoimmune cause to
their infertility [50]. It was suggested that since the
dose was too low to reduce auto-antibody titers, it
was the action on reducing NK cells that contributed
to the improved rates. However, there are also studies
which showed that prednisolone did not make a
significant difference [51,52], but these studies did
not assess the endometrium for any possible endo-
metrial factors for the infertility. In the recent study
that showed a trend towards lower miscarriage rate
with prednisolone, it was suggested that steroids may
be useful in raising a low pregnancy and implanta-
tion rate rather than increasing the standards of
clinical results and thus could be useful in recurrent
implantation failure [52].

As with RM, immunomodulation therapies such
as IvIg and anti-TNF-α agents have been tried to
suppress NK cell activity. A recent meta-analysis of
three trials has shown that IvIg treatment signifi-
cantly increases the live-birth rate in patients who
fail IVF [53]. There were, however, variables in the
patient selection and treatment process of IvIg. As it
has potentially severe side effects and is very expen-
sive, it should not be routinely recommended until
more evidence is available.

Conclusion
A successful pregnancy is the result of a delicate
immunological balance of the maternal immune sys-
tem in preventing rejection of the fetal allograft and
at the same time recognizing it adequately to promote
satisfactory trophoblast invasion and placental
growth. There still remains considerable controversy
over the exact role and function of uNK cells in
this immunological phenomenon. However, there is
increasing evidence that uNK cells, the most predom-
inant leukocytes in early pregnancy, are associated
with reproductive failure although the mechanisms
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of this association are not clear. Therefore, more inves-
tigations into the relationship between uNK cells
and reproductive failure are needed before any tests,
either peripheral blood sampling or endometrium
biopsies for NK cells level are routinely advised.
At the present moment, although patients may be
disappointed at the lack of a proven intervention
and treatment, it is not in their best interest to recom-
mend any immunomodulation therapy with the
lack of strong evidence. Instead, patients should be
encouraged to participate in research involving NK
cells to generate more information of their function
in reproduction and subsequently attempt to offer
treatment to improve pregnancy outcomes.
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Figure 12.2b Four branchial arches an the lens plakode (arrow) are
clearly discernible. The head is close contact to the heart prominence
(H). Note the yolk (Y) sac with fetal blood islands. (M) marks a micro-
bubble. Chromosome analysis revealed a normal (46,XX) karyotype.

Figure 12.1b Embryoscopic lateral view of the two embryos. Note
the developing eye lids. The arrow marks the external ear. The elbow
is bent .The fingers are separated. Herniation of the midgut into the
umbilical cord (U) is still physiological at this developmental stage.
A normal karyotype (46,XX) was diagnosed cytogenetically.

Figure 12.4b Close up, lateral view of the upper portion of the
trisomy 15(47,XY,+15) embryo with a parietal encephalocele (arrow).
The embryo showed on embryoscopic examination abnormal lip
development and a dysplastic face. Based on the crown–rump
length, the head is too small and the upper limbs (UL) are retarded in
their development.

Figure 12.3b Embryoscopic examination revealed a GD 3 embryo
measuring 6mm crown–rump length. A short body stalk connected
the GD3 embryo to the chorionic plate (C). Cytogenetically trisomy
7 (47, XY, +7) was diagnosed.



Figure 9.1 Proliferative phase endometrium showing low levels of
uterine natural killer (uNK cells) (stained brown).

Figure 9.4 Immunochemistry staining on patient with RM showing
high levels of uterine natural killer uNK cells (stained brown) in mid-
luteal phase endometrium.

Figure 9.2 Mid-luteal phase endometrium showing higher
numbers of uterine natural killer (uNK) cells (stained brown).

Figure 9.3 Uterine natural killer (uNK) cells (stained brown) forming
aggregates around blood vessels.
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Figure 12.5b Embryoscopic examination from a lateral view
(b) showed dicephalus conjoined twins. The microcephalic
conjoined twins showed dysplastic faces and shared a body from the
upper chest downwards. Two upper (UL) and no lower limbs and a
single umbilical cord (U) were seen by embryoscopy. A normal
karyotype (46,XY) was diagnosed cytogenetically.
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Chapter

10 Cytogenetic factors in recurrent early
pregnancy loss
Sony Sierra and Mary D. Stephenson

Longitudinal studies in reproductive-aged couples
have demonstrated the inefficiencies in human repro-
duction. In any given cycle, there is only an estimated
one in five chance of conception, and before clinical
recognition or development of embryonic heart activ-
ity; almost 50% of all pregnancies end in miscarriage
[1,2]. Whether this is due to errors in fertilization or
the result of a high-functioning quality control process
remains unclear. In either case, observations on chan-
ces to reproduce successfully initiated early efforts to
assess the risk of miscarriage.

In 1975, Boue et al. reported that 60% of miscar-
riages were due to numeric cytogenetic abnormalities,
specifically, aneuploidies or polyploidies, based on the
cytogenetic results of 1500 miscarriages [3]. The
authors hypothesized that pregnancies with numeric
cytogenetic abnormalities were generally not compat-
ible with life, and therefore ended in miscarriage.
Further data found that the frequency of cytogenetic
abnormalities changes as gestational age advances.

Edmonds et al. [1] and Wilcox et al. [2] reported
that prior to 6 weeks’ gestation, the risk of miscarriage
is 30–50%. Ohno et al. reported that 70% of pre-
clinical miscarriages, defined as demise of less than
6 weeks’ gestation, are due to numeric cytogenetic
abnormalities [4]. Between 6 and 10 weeks’ gestation,
approximately 15% of such pregnancies end in demise,
of which 50% are due to numeric cytogenetic abnor-
malities [5]. After 10 weeks’ gestation, the risk of
pregnancy loss is much less, estimated at approxi-
mately 2–3%, of which approximately 5–6% are due
to numeric cytogenetic abnormalities [6]. A small
percentage of term deliveries, estimated at 0.6%, will
have a numeric cytogenetic abnormality, most com-
monly trisomy 21, 18 or 13, or a sex chromosome
aneuploidy [7].

This chapter will discuss the cytogenetic factors
involved in miscarriage in the general population

and in couples with recurrent pregnancy loss. The
process of meiosis in gametogenesis will be reviewed,
as well as the errors of meiosis which lead to aneu-
ploidy. The importance and limitations of cytogenetic
analyses of miscarriage tissue is highlighted. Finally,
the management of cytogenetic factors in miscarriage
will be summarized.

Cytogenetics in human reproduction
Meiosis is a specialized cell division process occurring
in human reproduction generating gametes with the
haploid (23n) chromosome number from diploid
(46n) germ cells. Germ cells undergo one round of
DNA replication initially, followed by two cell divi-
sions producing four daughter cells. The first division,
termed meiosis I, involves the segregation of hom-
ologous chromosomes to opposite poles of the cell.
Meiosis II involves segregation of the sister chroma-
tids, producing four cells each with a haploid
chromosome number (23n). During the meiotic pro-
phase, the homologous chromosomes synapse and
undergo recombination.This unique and intricate pheno-
menon accounts for genetic variation among species.

In females, germ cells increase by mitotic prolifer-
ation during early embryogenesis, and reach a max-
imum of 8 million by the end of the first trimester.
This active period of cell division is followed by
entry into meiotic prophase. Numerous germ cells
undergo apoptosis, or programmed cell death, at this
time, reducing the pool of potential oocytes at
birth to approximately 800 000. At birth, oocytes are
surrounded by somatic cells forming primordial
follicles. At this time they enter a period of extended
meiotic arrest. Resumption of meiosis and the com-
pletion of the first cell division occurs after the onset
of puberty. Completion of meiosis I occurs just
prior to ovulation. The oocyte arrests briefly at the
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metaphase of meiosis II, with the completion of the
second cell division after fertilization [8].

In males, the process follows a slightly different
timeline. Meiosis begins with puberty; germ cells pro-
gress from prophase to metaphase I to metaphase II
without delay, producing four haploid gametes. In
comparison, in females, each cell that enters meiosis
produces only one functional haploid oocyte and three
polar bodies which degenerate.

Normal meiosis I (MI) division results in the seg-
regation of homologous chromosomes. Abnormal MI
segregation can result from true non-disjunction,
where homologs travel to the same spindle pole, rather
than opposing. Achiasmatic non-disjunction occurs
when homologous chromosomes fail to pair and/or
undergo recombination and travel independently to
the same spindle pole. Premature separation of
sister chromatids occurs when chromatids, rather
than homologous chromosomes, segregate from one
another [8].

Normal meiosis II (MII) division results in the
segregation of sister chromatids. MII non-disjunction
occurs when sister chromatids do not separate. The
final result from these erroneous cell divisions is
aneuploidy, defined as the addition (trisomy) or
absence (monosomy) of individual chromosomes
(Table 10.1). Such numeric chromosome errors are
frequently found in miscarriages.

It is recognized that trisomy is the most frequent
type of numeric chromosome error in miscarriage.
Hassold & Chiu [9] showed the frequency of trisomy
increases with advancing maternal age, notably after
the maternal age of 35 years. Maternally derived
trisomy occurs more frequently in meiosis I, than in
meiosis II. This holds true for trisomy of chromosome
numbers 2, 15, 16, 21, 22 and sex chromosomes result-
ing in XXY and XXX [10].

Non-disjunction errors occur much less frequently
in sperm, although paternal errors account for the
majority of monosomy X (45 X) [11] and sex trisomies

XXY, XYY [12]. Fluorescent in situ hybridization
(FISH) analyses of sperm collected from couples with
a history of recurrent miscarriage revealed an increase
of sex chromosome disomy (0.45% vs 0.37%, P < 0.01)
[13]. Despite this finding, miscarriages from couples
with recurrent miscarriage have equivalent frequen-
cies of sex chromosome aneuploidies compared with
the general reproductive population [14] suggesting
that sperm with such numeric chromosome abnor-
malities may be selected against during fertilization.

A case–control study published in 2003 reported
evidence of an association between elevated sperm
chromosome aneuploidy and apoptosis in couples
with recurrent miscarriage. Carrell et al. [15] evaluated
semen quality parameters and sperm chromosome
aneuploidy for chromosomes X, Y, 13, 18 and 21 in
patients with unexplained recurrent miscarriage
(n = 24), fertile controls (n = 42) and a control group
of men from the general population (n = 26). The
mean aneuploidy rate in the recurrent miscarriage
group was 2.77%±0.22, significantly higher (P< 0.005)
than the control groups (1.19% and 1.48%, respect-
ively). This study, while small in size, supports the
findings of other smaller studies documenting
increased sperm aneuploidy in couples with un-
explained recurrent miscarriage [13,16]. While these
studies are limited by their power, further research
may clarify the contribution of sperm aneuploidy in
recurrent miscarriage.

Recently, “recurrent aneuploidy” has been sug-
gested as a factor associated with a history of recur-
rent pregnancy loss. This theory has led to the empiric
use of in-vitro fertilization with pre-implantation
genetic screening (IVF/PGS) in patients with unex-
plained recurrent miscarriage. On the basis of the
cytogenetic data of 420 miscarriages in 285 patients
with a history of recurrent miscarriage, Stephenson
et al. [14] did not find any difference in the distribu-
tion of aneuploidies, when stratified for maternal age
and compared with data of the general reproductive

Table 10.1 Aneuploidy at various stages of reproduction and development. Adapted from Hassold & Hunt (2001) [8].

Sperm Oocytes Pre-implantation
embryos

Pre-clinical
miscarriage

Early
miscarriage

Fetal
demise

Livebirths

Incidence of
aneuploidy

1–2% 20% ~20% ~50–70%* 35% 4% 0.3%

Most
common
aneuploidies

Various Various Various Not known 45X;+16; +21;
+22

+13; +18;
+21

+13; +18;
+21; XXX;
XXY; XYY
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population [10]. The most frequent trisomies in the
recurrent miscarriage cohort were of chromosomes 15,
16, 22, 21, 14 and 13.This study did not find evidence
of recurrent aneuploidy in couples with recurrent mis-
carriage. Therefore, “recurrent aneuploidy” remains
theoretical and further studies are warranted before
IVF/PGS is considered evidence-based.

Evaluation of the miscarriage
Identification of numeric or unbalanced cytogenetic
abnormalities in miscarriages is paramount for coun-
seling and developing a management plan for sub-
sequent pregnancies in couples with a history of
recurrent pregnancy loss. Unfortunately, cytogenetic
analyses of miscarriages is not routinely performed,
despite a favorable cost–benefit analysis [17].

Cytogenetic analyses can be performed on miscar-
riage tissue using several techniques, including cell
culture followed by chromosome banding, microsatel-
lite testing and comparative genomic hybridization.
Correlation of cytogenetic results with embryopathol-
ogy, either by sending the specimen for evaluation or
imaging of the miscarriage in utero by hysteroscopic
visualization prior to dilation and curettage, is the
optimal way of evaluating the miscarriage for cyto-
genetic and/or congenital abnormalities.

The classic method of cytogenetic analysis of mis-
carriage tissue is through cell culture of the isolated
pregnancy tissue followed by Giemsa banding analysis
of metaphase chromosomes. This method of analysis
has well-described limitations because it relies on the
timely collection of viable pregnancy tissue, preferably
embryo proper or amnion. Unfortunately, it is usually
the chorionic villi that are isolated, with maternal
decidual cells attached. Either due to a lack of
chorionic villi, or to robust decidual cell overgrowth
in culture, often a disproportionately high percentage
of 46,XX results are reported [18]. The rate of maternal
contamination for an individual laboratory can be
estimated by comparing the number of 46,XX to 46,
XY results. Microsatellite testing, which compares
highly polymorphic DNA loci in miscarriage DNA
to maternal DNA, can be used to determine whether
a 46,XX result is a true result or due to maternal cell
contamination.

In addition, culture failure can occur, usually
when there has been a prolonged period of time from
demise to the collection of the miscarriage tissue [18].

Comparative genomic hybridization (CGH) with
flow cytometry (FCM) is an innovative improvement

for cytogenetic analysis of miscarriage specimens,
although it has its own inherent limitations. This
technique involves the simultaneous hybridization
of DNA extracted from miscarriage cells and
reference DNA, each labeled fluoroscopically and
matched to a set of normal metaphase chromosomes.
Comparison of the fluorochrome intensities for each
of the target chromosomes allows for the detection
of trisomies and monosomies. Comparative genomic
hybridization cannot assess for ploidy, therefore,
flow cytometry is required. A comparison of CGH/
FCM technology to conventional Giemsa banding
revealed that CGH/FCM has a higher success rate
(99.7%) and less maternal contamination, therefore
more accurate results [19]. Unfortunately, balanced
structural chromosome rearrangements cannot be
assessed with CGH and visualization with conven-
tional cytogenetic analysis is necessary.

Comparative genomic hybridization is not yet
widely available, however, it can be applied to stored
miscarriage tissue, usually as paraffin blocks. Bell
et al. [20] reported their results from an academic
center with retrospective analysis of stored miscar-
riage tissue as paraffin blocks following fixation
with formalin. DNA was extracted from nine paraffin
blocks with known aneuploidy, followed by whole
genome amplification by degenerate oligonucleotide-
primed PCR. Comparative genomic hybridization
was able to detect aneuploidy in 7 of the 9 cases.
Comparative genomic hybridization followed by
flow cytometry may prove a powerful technique to
provide chromosome results on paraffin-stored mis-
carriage tissue.

Investigation and management
of genetic factors in recurrent
pregnancy loss
Inherited genetic factors as a potential causative fac-
tor in the investigation and management of patients
with recurrent pregnancy is recognized by the
American College of Obstetrics and Gynecology and
the Royal College of Obstetrics and Gynecology,
UK [21,22]. Chromosome analyses of miscarriage
specimens are recommended in both guidelines to
assess for numeric errors (such as trisomy, mono-
somy or polyploidy) or structural chromosome re-
arrangements. The results of such studies are useful
in determining whether additional factors of mater-
nal or paternal origin are required. In couples with a
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history of recurrent pregnancy loss, if cytogenetic
analysis of miscarriage tissue confirms a diagnosis
of aneuploidy, that same couple can be counseled to
try to conceive again without further evaluation.
If the second miscarriage is found to be associated
with a numeric chromosome error, the couple can be
counseled that this miscarriage was a random event
and that the risk of miscarriage in the subsequent
pregnancy is not increased since such chromosome
errors have been shown to be random events, although
the frequency of such events are highly dependent on
maternal age. Without such information, an extensive
evaluation is often performed, which is both costly and
time-consuming. Furthermore, with chromosome
results of prior miscarriages, the couple is often left
without answers, which can lead to heightened anxiety
and feelings of hopelessness.

Pre-implantation genetic screening
and recurrent pregnancy loss
The possibility of recurring chromosome errors as
etiologic for recurring pregnancy loss, has led to the
recent application of pre-implantation genetic screen-
ing (PGS) for management of idiopathic recurrent
miscarriage. In the mid 1990s, PGS was developed in
conjunction with in-vitro fertilization (IVF) to opti-
mize embryo selection by screening for aneuploidy
and reducing the number of embryos for transfer
[23]. The first successful embryo biopsy was per-
formed in 1968 [24]. Embryo biopsy involves a polar
body biopsy or aspiration of 1–2 blastomeres from the
six-to eight-celled embryos, followed by fluorescent
in-situ hybridization (FISH) of a limited number of
chromosomes. Unfortunately there is a high rate of
mosaicism (>25%) in day 2–3 blastomeres, thus limit-
ing the accuracy of this technique [25,26].

There have been two studies assessing the utility of
this procedure in unexplained recurrent miscarriage.

The first study was retrospective in design,
including 58 women with three or more miscarriages
from various IVF centers [27]. It is unclear what
investigations were done prior to IVF/PGS other
than to rule out parental genetic factors. Nine PGD
cycles were not included due to low numbers of
embryos. A single day 3 blastomere was biopsied
and fewer than 5 embryos transferred on day 4 or
5. FISH screening from chromosomes X, Y, 13, 15,
16, 17, 18, 21 and 22 was done. In women aged less

than 35 years, a total of 25 cycles were completed,
and 8% (2/21) did not have a transfer. FISH results
were abnormal in 12/21 (57%) of cases. The preg-
nancy rate was 52% (13/21) and the take-home baby
rate was 40% (10/25). In women over age 35, a total
of 44 cycles were completed with 16% (6/37) not
having embryos to transfer. FISH results were abnor-
mal in 30/44 (67%) of cycles.The pregnancy rate was
39% (17/37) and the take-home baby rate was 34%
(15/44).

A second study by Platteau in 2005 [28] was
prospective in design, based on the same hypothesis
that repeated chromosome errors may be causative in
idiopathic recurrent miscarriage. To examine the role
of IVF/PGD, patients were divided into two groups
by age. A total of 35 cycles were done in 25 patients
less than 37 years of age and a total of 34 cycles in 24
patients over age 37. All patients had a history of
three or more unexplained miscarriages, with paren-
tal genetic factors, anatomical factors and antiphos-
pholipid syndrome ruled out. Two blastomeres were
biopsied and FISH for chromosomes X, Y, 13, 16, 18,
21 and 22 were done. Two embryos were transferred
on day 5. In the younger group, 4/35 cycles (11%)
resulted in no transfer; FISH results were abnormal
in 44% of embryos. The pregnancy rate was 10/35 or
29%, with a take-home baby rate of 9/35 or 26%. In
the older group, 47% (16/34) of cycles resulted in no
transfer and 67% of the embryos were abnormal by
FISH analysis. The pregnancy rate was 18% (5/34),
and the take-home baby rate was 3% (1/34).

Both of these studies used FISH techniques to
screen for aneuploidy, however neither was fully
inclusive of the most frequent trisomies found in
miscarriages from couples with a history of recurrent
miscarriage [13,14,15,16,21,22]. Comparison of the
pregnancy rates in these two studies to a historic
control group of patients with idiopathic recurrent
miscarriage managed conservatively is shown in
Table 10.2.

It has been demonstrated that in the management
of idiopathic recurrent miscarriage, conservative
treatment consisting of early pregnancy monitoring
by ultrasound every 2 weeks in a dedicated miscar-
riage clinic led to a pregnancy rate of 70% and
successful take-home baby in 75% of cases [29]. In
the studies discussed above where assisted reproduct-
ive techniques were applied with PGS the live-birth
rate is similar, however, the pregnancy rates are
much lower than expected with a natural cycle.
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The American Society for Reproductive Medicine
(ASRM) has released the committee opinion stating
that the available evidence does not support the use
of IVF/PGS to improve the live-birth outcome in
patients with recurrent pregnancy loss [30]. The evi-
dence indicates that instead of providing benefit,
these techniques may actually lower the take-home
baby rate in these already vulnerable, anxious couples
in addition to subjecting them to the costs and inva-
siveness of assisted reproductive therapies designed
for infertility. A better approach is to encourage these
couples with evidence from studies indicating that
treatment consisting of supportive care and early
pregnancy monitoring leads to a much higher success
rate of a good pregnancy outcome [31,32].

Summary
Human reproduction appears to be a very inefficient
process, primarily because of a high frequency of
chromosome errors in gametes and the resultant
embryos. New techniques for the diagnosis of
chromosome errors in miscarriages are being offered
for couples facing the burden of recurrent pregnancy
loss. Conventional cytogenetic analyses have a proven
role but complementary techniques are required in
specific cases, for example, with culture failure, when
maternal cell contamination is suspected or when
fresh tissue was not sent for analysis.

Although initially promising, pre-implantation
genetic screening does not appear to be effective for
couples with recurrent pregnancy loss. An evidence-
based evaluation followed by close, supportive moni-
toring in subsequent pregnancies appears to be
effective in improving the pregnancy outcome. If
unfortunately another miscarriage occurs, chromo-
some testing is paramount to determine whether the
miscarriage is “explained,” due to a numeric chromo-
some error, or “unexplained” and perhaps a treatment
failure.
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Chapter

11Parental chromosome testing
M. Goddijn and Nico J. Leschot

Background
Couples with recurrent miscarriage are offered a diag-
nostic work-up to show or rule out an underlying
cause known to be associated with recurrent miscar-
riage. These factors are antiphospholipid syndrome,
uterine abnormalities, parental structural chromo-
some abnormalities and hyperhomocysteinemia. In
this chapter parental chromosome testing is addressed.

Parental chromosome patterns are most frequently
investigated, in routine care, by conventional chromo-
some techniques (G-banding or Q-banding technique).
See Figure 11.1 as an example of trypsin-G-banding
technique. The aim is to detect a balanced structural
chromosome abnormality in the male or female part-
ner. Structural chromosome abnormalities can be sub-
divided into translocations, inversions, deletions and
duplications, but only translocations and inversions
are known to be associated with recurrent miscarriage.
This is a result of translocations and inversions sharing
the ability to be inherited also in a balanced form.
Structural chromosome abnormalities other than
translocations and inversions, which are potentially
associated with recurrent miscarriage, like sex
chromosomal mosaicism and uniparental disomy are
discussed. Another genetic mechanism, skewed sex
chromosome inactivation, potentially related to recur-
rent miscarriage is discussed as well.

Structural chromosome abnormalities involve
the rearrangement of chromosome segments. Within
chromosome translocations and inversions in their
balanced form there is no overall loss or gain of genetic
material.

The incidence of carrier status for balanced
chromosome translocations has been reported to
increase from approximately 0.7% in the general pop-
ulation to 2.2% after one miscarriage, 4.8% after two
miscarriages and 5.2% after three miscarriages [1,2].

Women appear more likely to be carriers than men
and translocations are more frequent than inversions
[1]. More recent studies report an overall incidence of
approximately 3% in couples with a history of recur-
rent miscarriage, probably due to the use of more
restrictive criteria for structural chromosome abnor-
malities, this way excluding normal variant chromo-
some patterns [3,4].

If a balanced structural chromosome abnormality
is found this should be communicated to the patient
by explaining to him or her that he or she is a healthy
carrier. The test result will have no medical conse-
quences for him or her, with the exception of the
increased risk of another miscarriage and of abnormal
offspring. In the genetic counseling of patients who
are carriers of a balanced chromosome translocation,
it is important to stress the absence of medical con-
sequences for the carriers themselves as couples not
infrequently have the perception that they carry a
severe disease. The products of conception in carriers
can have 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 expected chances of adverse pregnancy outcome
in a carrier of a specific chromosome abnormality
should be shared with the patient if available.

For many years it has been good clinical practice
to offer chromosome testing to women with recurrent
miscarriage. Recurrent miscarriage is most frequently
interpreted as two or three miscarriages, and varies
between different guidelines. In actual practice we are
of the opinion that gynecologists take a different view
of the pros and cons of the parental chromosome test
in couples with recurrent miscarriage than geneticists.
Gynecologists mostly share the opinion that a pos-
sible unbalanced combination in a subsequent preg-
nancy would end in another miscarriage. Geneticists

Early Pregnancy, ed. Roy G. Farquharson and Mary D. Stephenson. Published by Cambridge University Press.
© Cambridge University Press 2010.
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however are more focused on unbalanced combina-
tions that might survive pregnancy and result in a
newborn with severe malformations and a mental
handicap. Their view is based on the knowledge
that in a reciprocal translocation two abnormal, but
different, combinations in the gametes are possible.
Theoretically, a pregnancy could end in miscarriage
in the majority of cases, while the other combination
could be viable and result in a live-born severely
handicapped child. We will address the theoretical
and empirical chances of unbalanced outcomes in
subsequent pregnancies. Cytogenetic and clinical
information on rare chromosomal disorders can be
found on internet facilities for professionals (www.
ecaruca.net, www.ncbi.nlm.nih.gov/omim) and for
patients (chromosomehelpstation.com).

The chance of viable unbalanced offspring result-
ing from carrier status is the most important reason
to offer parental chromosome testing. Other reasons
might be to find an explanation for the recurrence of
the miscarriages, prognostic reasons, i.e. to investigate
the chances of delivering a healthy child and the risk
of a future miscarriage, and furthermore to reduce
anxiety and distress by identifying or excluding carrier
status as a likely cause of the recurrent miscarriages.

It should be realized that the majority of unbal-
anced structural chromosome abnormalities are
inherited from either one of the parents while a
smaller proportion arise de novo. It is, however, hard
to establish the incidence of de novo translocations,
especially for the category ascertained by recurrent

miscarriage. In general, the incidence of de novo
translocations might be up to one third of unbalanced
cases detected prenatally [5], or 23% at birth [6].
Furthermore, most viable unbalanced offspring are
ascertained through the previous birth of a child
with an unbalanced karyotype, rather than through
recurrent miscarriage. Some viable unbalanced off-
spring will not be detected antenatally because parents
deliberately decide to refrain from prenatal diagnosis
or from termination of a pregnancy.

In this chapter, couples carrying a structural
chromosome abnormality ascertained through recur-
rent miscarriage work-up are described. Their accom-
panying epidemiological figures and subsequent
results of pregnancy outcome should not be confused
with those in couples which carry a structural chromo-
some abnormality ascertained through a preceding
live-born child with major congenital abnormalities
or a preceding late stillbirth, for which other subse-
quent pregnancy outcomes might apply. Chapter 10
of this book deals with fetal chromosome abnormal-
ities which might account for RM as well.

Biological basis of chromosome
abnormalities

Reciprocal translocations
During meiosis in a carrier of a balanced chromosome
translocation, theoretically three possible types of
gametes are produced. In the case of the example

Figure 11.1 A normal male karyotype
with 46 chromosomes. The chromosomes
are ordered from large to small and have a
trypsin-Giemsa banding pattern, which is
specific to each chromosome.

Chapter 11 Parental chromosome testing

92



below (3/22 chromosome translocation) there is a
theoretical chance of one in six for a gamete to have
a normal chromosome 3 and a normal chromosome
22. There is also a chance of one in six for a gamete
to have a balanced chromosome translocation. But
there is a chance of four in six of a gamete having
either too much genetic material of chromosome 3
(partial trisomy 3) and too little of chromosome 22

(partial monosomy 22), or the other way round: too
much genetic material of chromosome 22 (partial
trisomy 22) and too little of chromosome 3 (partial
monosomy 3) (see Figure 11.2).

Assuming that the partner has a normal chromo-
some complement, the situation directly after fertili-
zation might be as follows: statistically only two out of
six early-stage embryos will have a normal or balanced

Figure 11.2 In this diagram the theoretically possible gametes in a balanced carrier of a translocation between chromosome 3 and
chromosome 22 is depicted. Of the six possible combinations, four of these will, after fertilization, result in an unbalanced combination.
One in six will have a normal karyotype and the sixth combination will result in a balanced chromosome translocation. From Heineman et al.
2007 [38].
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karyotype, but four out of six embryos will have an
unbalanced translocation. During further develop-
ment a strong selection against the unbalanced
embryos will occur. One of the possibilities is early
death, after mitosis, resulting in failure to implant or a
sub-clinical biochemical pregnancy, unnoticed by
the woman herself. A further possibility is that the
development of an unbalanced combination stops
in the first trimester of gestation and the pregnancy
ends in a miscarriage; furthermore, there is a small
chance of a live-born child with, in the majority of
cases, various congenital malformations and a severe
mental handicap in later life.

A special type of chromosome translocation is the
Robertsonian translocation (or centric fusion translo-
cation). This translocation is restricted to the so-called
acrocentric chromosomes, namely chromosomes 13,
14, 15, 21 and 22.

This type of translocation can be responsible for
viable unbalanced offspring i.e. Down’s syndrome or
non-viable offspring. For instance in the most fre-
quently occurring Robertsonian translocation
between chromosome 14 and 21, trisomy 14, mono-
somy 14 and monosomy 21 are all non-viable. This
type of chromosome translocation is responsible for
the so-called “hereditary form of Down’s syndrome”
(about 1% of all patients with Down’s syndrome).

Within this group of Robertsonian chromosome
translocations there is a subgroup of homologous
translocations. Someone can be a balanced carrier
of a 14/14 translocation, t(14;14)(q10;q10) or a

t(15;15)(q10;q10) chromosome translocation. Such
carriers of Robertsonian translocations have a risk
of a child with (non-viable) trisomy 14 of almost
100%. However there is a chance of uniparental di-
somy (UPD).

Uniparental disomy (UPD) is an epigenetic phe-
nomenon in which the total number of chromosomes
is normal, but for a particular chromosome pair,
both chromosomes originate from one parent only.
One of the mechanisms is shown in Figure 11.3.

For chromosome regions that are imprinted
(chromosome regions: 1p, 6q, 7q, 11p, 14q, 15q, 18q,
19q and 20q), there is a chance of a specific syndrome.
Imprinted means that the DNA is methylated and that
the genes in that region cannot be expressed. Paternal
UPD of chromosome 14 is associated with
a polyhydramnion, dysmorphic symptoms and a
severe mental handicap. Maternal UPD 14 is associ-
ated with growth retardation and only a mild mental
retardation. Maternal UPD 15 is associated with
Prader–Willi syndrome, while paternal UPD 15 results
in Angelman syndrome. In the meiosis of the healthy
carrier mentioned above of a (14;14)(q10;q10)
chromosome translocation, the translocation chromo-
some will be present in every early-stage embryo, while
a normal chromosome 14 from the other parent
results in a (non-viable) trisomy 14. However such a
combination is sometimes “saved” by a mechanism
that is called “trisomic rescue.” The normal chromo-
some 14 is lost and the result is a carrier of the trans-
location chromosome only, however, he or she will

maternal paternal

trisomy

placenta

“trisomic rescue”:

fetus with disomy
depending on the
chromosomes involved:

normal
fetal death
viable abnormal child

Figure 11.3 One of the possible mechanisms
that can explain an uniparental disomy:
“trisomic rescue.”
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have uniparental disomy for chromosome 14. For this
particular chromosome, there is no chance of the
result being normal offspring [7].

It is important to realize that uniparental disomy
can only be confirmed by DNA analysis of the father,
the mother and the fetus or child.

The second structural chromosome abnormality
associated with recurrent miscarriage is a chromo-
some inversion. A segment of a particular chromo-
some is turned 180 degrees. For carriers of an
inverted chromosome it is important to know
whether the inversion is restricted to one chromo-
some arm (paracentric inversion) or whether both
breakpoints of the inversion are on both chromo-
some arms (pericentric inversion). For carriers of
paracentric inversions the chances of viable unbal-
anced offspring are very small, and reported at a
maximum percentage of 3.8% [8,9]. In these older
studies patients with recurrent miscarriage as well as
other indications were included, this way explaining
the relatively high percentage of unbalanced off-
spring. For carriers of a pericentric inversion the
situation concerning the offspring is complicated.
During meiosis a loop structure is formed, in order
to try and achieve homolog pairing of both chroma-
tides. If, however, a crossover in that loop occurs, the
result is duplication of a part of the chromosome and
deficiency of another segment of the same chromo-
some. These combinations can therefore result in
miscarriages or abnormal viable offspring.

(Sex) chromosomal mosaicism, mostly hyperploidy
in the mother has been reported as a cause for
couples with RM [10,11]. However no control groups
have been included in these studies and the weight
of the association with recurrent miscarriage there-
fore remains unknown. An increased miscarriage
rate has been found in couples with X-chromosome
mosaicism and diminished ovarian reserve when
compared with the same couples without diminished
ovarian reserve [12].

Technique of conventional
chromosome studies
Chromosome studies of a blood sample are done by
culturing lymphocytes for 72 hours, using a mitotic
stimulant. Then cell division is blocked by a mitotic
inhibitor. Hypotonic treatment is applied to let the
cells swell, then a fixative is used. Metaphase spreads
are studied under the microscope after a banding

technique has been applied (mostly trypsin-Giemsa
or Q-banding is used). The analysis is done semi-
automatically.

Recently developed laboratory
techniques (molecular cytogenetics)
The resolution of conventional chromosome studies
is limited. The smallest deletion that can be detected
in this way is 5mb. Therefore additional techniques
are used, of which the most well known is fluores-
cence in situ hybridization (FISH). The principle here
is that one or more specific small DNA probes are
used, that are labeled with a colored signal that can
be seen under a fluorescence microscope. In normal
cells such probes should be seen as two signals in a
normal diploid cell (either in a metaphase spread or
in an interphase nucleus).

In this way submicroscopic translocations can be
detected. In actual practice the FISH technique is
mostly applied in cases of doubt about the morpho-
logical aspect of a particular chromosome in a conven-
tional chromosome test.

Three other techniques that have been developed
in the area of molecular cytogenetics are the
Quantitative–PCR (QF–PCR) technique, the MLPA
approach and the CGH array.

The QF–PCR technique is mostly used as a quick
and cheap way to carry out prenatal diagnosis of tris-
omy 13, 18 and 21, using fluorescent primers for
chromosomes 13, 18 and 21, mostly using X and Y
and Y-primers as well. Abnormalities concerning
other chromosomes are missed in this way. However,
simple and multiplex QF–PCR has also been used
successfully in studying 160 miscarriages [13].

Multiplex Ligation-dependent Probe Amplification
(MLPA) was developed by MRC Holland (see
Figure 11.4). It is mostly used for frequently investi-
gated genes, where probe sets are commercially avail-
able. It is also widely used for prenatal diagnosis as in
QF–PCR.

One of the standard kits is a (sub) telomere set
of probes, which can be used if there is a suspicion
about the tip of the long or short arm of one or more
of the chromosomes in a conventional chromosome
test. A validation study in a diagnostic center was
recently published by Ahn et al. [14].

Comparative genomic hybridization (CGH) is a
technique for detecting sequences anywhere in the
genome that are present in an abnormal number of
copies (see Figure 11.5).
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One of the latest techniques based on this principle
is the CGH array. With this technique it is possible to
detect very small deletions and duplications.

However, the three high-resolution techniques,
FISH, MLPA and CGH array mentioned above are
unable to detect very small balanced aberrations in
healthy carriers. This can be explained by the fact
that however large the chromosome segments that
are involved in the translocation may be in a balanced
translocation, there is no unbalance at the cell level: a
part of the genetic material of two chromosomes has
only changed place, with all the potential complica-
tions in the meiosis that were mentioned above.

If we want to use high-resolution techniques in the
scientific genetic unraveling of recurrent miscarriages,

we should consider focusing primarily on a genetic
diagnosis of the spontaneous miscarriage itself in
order to find a very small unbalanced abnormality
which can then be used to investigate the parents
using specific tests, e.g. FISH probes.

Initially this approach might feel like a step back-
wards, since we are all aware of the small chance of
setting up a successful cell culture with material from
a stillborn fetus. But with these new approaches it is
often not necessary to have living cells for further ana-
lyses as a DNA sample might suffice. Benkhalifa et al.
concluded that CGH is becoming an important clinical
assay for unbalanced chromosome abnormalities
whether cells grow in culture or not and in cases of
one or a few cells [15]. Schaeffer et al. reported a similar

Male

Female

Triple X

283 bp 346 bp

Figure 11.4 This is an example of the result after
application of Multiplex Ligation dependent Probe
Amplification (MLPA).The area under the curves
in the frame is an indication of the quantity of
X-chromosome material in a normal male, normal
female and a triple X karyotype. FromHeineman et al.
2007 [38].

B

A

Figure 11.5 Detection of submicroscopic copy number aberrations using Agilent 105 k oligonucleotide arrays (CGH). Panel A shows the
weighted moving average of log2 ratios as a function of chromosomal position using DNA Analytics 4.076 software. Called aberrations are
shown by a line on top (gain) or bottom (loss) of the graph. Panel B shows chromosome 2 in detail, where a deletion of 5.15Mb on 2p24.1
to 2p23.2 was found. The boundaries of the deletion were confirmed using FISH analysis.
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conclusion in 2004 [16]. The disadvantages are the costs
of the technique and the finding of small copy number
variances for which the clinical relevance is only appli-
cable if not detected in the parents of the person tested.
Thus far, the approach of applying high resolution
techniques to fetal samples has not proved to be suitable
for implementation in daily routine clinical care.

Finally we would refer to a paper by Kaare et al.,
who investigated whether skewed X-chromosome
inactivation (XCI) could be associated with recurrent
miscarriage [17]. In a retrospective study in 46
women with recurrent miscarriage and a control
group of 95 women with no history of recurrent
miscarriage, the frequency of both extremely and
mildly skewed XCI proved to be similar.

Screening strategies
Only very few cases of viable unbalanced offspring
will be prevented as the result of an extensive screen-
ing procedure for structural chromosome abnormal-
ities in couples with recurrent miscarriage. Recent
studies have shown percentages ranging from 0.0 to
1.0% of potentially viable unbalanced chromosome
abnormality in pregnancies after ascertainment of
carrier status of a structural chromosome abnormal-
ity [18–22]. Screening all couples with recurrent mis-
carriage for structural chromosome abnormalities
therefore is not an effective strategy.

In an ideal screening setting only few couples are
tested (low costs and little effort) and no undesired
preventable abnormalities are missed (high prevent-
ive potential). In the search for an ideal screening
strategy there has been a great deal of debate as to
whether parental chromosome testing should be
offered after two or three miscarriages. On this sub-
ject, up until now, no consensus has been reached as
evidenced by the guidelines from different countries.
To date, the American College of Obstetrics and
Gynecology (ACOG) defines RM as two or three or
more consecutive pregnancy losses, the Royal College
of Obstetricians and Gynaecologists (RCOG) as three
or more miscarriages, the European Society of
Obstetrics and Gynaecology (ESHRE) defines RM as
three or more consecutive miscarriages and the
Dutch Society of Obstetrics and Gynaecology as two
or more miscarriages [23–26].

Recent evidence shows an independent influence
of the number of miscarriages on the probability of
carrier status; three or more miscarriages is a stronger
predictor of carrier status than two miscarriages [4].

However, there are other factors which influence the
probability of carrier status. In fact, maternal age at
second miscarriage is by far the most influential
predictive factor. The higher the maternal age, the
lower the probability of carrier status. This could be
explained by the fact that the risk of repeat aneuploid
conceptions steeply increases at advanced maternal
age which would explain the higher risk of (recurrent)
miscarriage at higher maternal age [27,28]. Other
factors influencing the risk of carrier status are a
family history of recurrent miscarriage in either the
couple’s parents or in siblings. A model based on
these four factors was developed to calculate the prob-
ability of carrier status more accurately (Table 11.1).

When applying the selective karyotyping strat-
egy, chromosome testing is withheld below a 2.2%
risk of carrier status. After one miscarriage, in which
the reported incidence of carrier status is 2.2%,
parental chromosome testing is not recommended.
As a probability of 2.2% is apparently considered
acceptable, it is reasonable to withhold chromosome
testing from couples with an even lower chance of
carrier status. This screening advice has been adop-
ted by ESHRE [25].

It is widely recognized that implementing a com-
plicated model into clinical practice does not improve
the advice being followed [29,30]. But if, for practical
reasons, only one parameter could be used to select
couples with the highest probability of carrier status,
maternal age at second miscarriage would provide
more information than the number of miscarriages.
The number of previous miscarriages alone is not
sufficient information on which to base the decision
as to whether or not to offer parental chromosome
testing to couples. Couples with a history of only two
miscarriages may well have a high probability of car-
rier status if concomitant factors exist like low mater-
nal age at second miscarriage and a positive family
history of recurrent miscarriage. Couples with a his-
tory of three or more miscarriages may be at low risk
in the absence of these factors.

Screening family members of carriers ascertained
after recurrent miscarriage – in our opinion – does not
have a role in routine care. It could be considered only
in specific rare abnormal chromosome test results.

It is acknowledged among both patients and physi-
cians that there are subjective arguments to retaining
parental chromosome testing in couples with recur-
rent miscarriage such as fear of under-diagnosing vi-
able unbalanced offspring, the wish to find or exclude a
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(possible) cause of the recurrent miscarriage, or the
possibility of predicting the chance of a healthy child.

Further research is needed into existing facilitat-
ing factors or barriers in implementing the selective
karyotyping strategy. To abandon an ineffective
screening strategy will probably present a big prob-
lem. It is therefore vital that care providers involved
in the field of recurrent miscarriage, in particular
geneticists and gynecologists, consider this matter
carefully and decide on future management.

Pregnancy outcome in carriers
Conventional parental chromosome testing is offered
to couples after they have experienced recurrent mis-
carriage. Carrier status was formerly regarded as a
serious condition or problem, with negative conse-
quences for reproductive outcome. Nowadays, we
know that although there is an increased risk of
another miscarriage the cumulative chance of a
healthy live-born child is generally high.

In a large study, reproductive outcomes of carrier
couples and non-carrier couples, referred for parental

chromosome testing after two or more miscarriages
before 20 weeks were collected. Data were obtained
from medical records, questionnaires and interviews.
All pregnancy outcomes were recorded for a period
of at least 2 years after testing. A total of 278 carrier
couples and 427 non-carrier couples were included.
The mean follow-up period after testing was
5.8 years. Forty-nine percent of the carrier couples
experienced one or more miscarriages after PCA
compared with 29% of the non-carrier couples
(P < 0.001). The percentage of couples with at least
one healthy child, born after testing was not signifi-
cantly different between carrier couples (83%) and
non-carrier couples (84%). Amongst 550 pregnancies
after chromosome testing in carrier couples the com-
bined incidence of viable unbalanced chromosome
abnormalities detected at prenatal diagnosis and
live-born children with an unbalanced karyotype
was 0.7%. The interpretation of this study is that
the risk of viable unbalanced offspring is very low
in couples with structural chromosome abnormalities
ascertained through two or more miscarriages. Their
chances of having a healthy child are as high as in

Table 11.1 Probability of carrier status in couples with two or more miscarriages according to the multivariable logistic regression
model [4].

Maternal age at second
miscarriage

(RMparents) + (RMparents) –

≥3 misc. 2 misc. ≥3 misc. 2 misc.

<23 years (RMbs) + 10.2% 7.3% 7.3% 5.2%

(RMbs) – 5.7% 4.0% 4.1% 2.8%

23–34 years (RMbs) + 10.0% 7.2% 7.2% 5.1%

(RMbs) – 5.7% 4.0% 4.0% 2.8%

34–37 years (RMbs) + 5.8% 4.1% 4.1% 2.9%

(RMbs) – 3.2% 2.2% 2.2% 1.6%

37–39 years (RMbs) + 4.0% 2.8% 2.8% 2.0%

(RMbs) – 2.2% 1.5% 1.5% 1.1%

≥39 years (RMbs) + 1.8% 1.2% 1.3% 0.9%

(RMbs) – 1.0% 0.7% 0.7% 0.5%

Shaded area shows a probability of carrier status <2.2%. In these couples karyotyping can be withheld.
RMbs = a history of ≥2 miscarriages in a brother or sister of either partner; RMparents = a history of ≥2 miscarriages in parents of either
partner; ≥3misc. = a history of ≥3 miscarriages in the couple; 2misc. = a history of ≥2 miscarriages in the couple.
Multivariable regression analysis was limited to 528 couples in whom the data collection was complete.
Intercept based on the total population = −5.388.
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non-carrier couples, despite a higher risk of a subse-
quent miscarriage [21].

Other research reporting on smaller study groups
confirm the low percentages of potentially viable
unbalanced chromosome abnormality in pregnancies
after ascertainment of carrier status: these percentages
ranged from 0.0 to 1.0% [19–20,22]. Altogether out-
comes of over 800 subsequent pregnancies in carriers
are described and the conclusion can be drawn that
a theoretical risk of a viable unbalanced outcome, as
described earlier in this chapter, drops from 66% (4/6)
to a maximum of 1.0% empirical risk by means of
natural selection.

From the point of view of prenatal diagnosis, it
was confirmed that viable unbalanced offspring at
prenatal diagnosis is mainly ascertained through the
previous birth of a child with an unbalanced karyotype
rather than through recurrent miscarriage [31].

It has been demonstrated that carrier couples are
at higher risk of future miscarriage than non-carrier
couples. The long-term chance of a miscarriage in
carriers is 49% compared with 30% in non-carriers
(P < 0.01) [21].

Couples carrying a structural chromosome abnor-
mality with a history of recurrent miscarriage have
an excellent prognosis of delivering a healthy child in
future pregnancies. The live-birth rate in the first preg-
nancy after chromosome testing has been reported to
range from 32% to 60% [18–21]. In the long term, the
cumulative live-birth rate rises to as high as nearly 85%
[19–21]. A longer time horizon to establish a successful
pregnancy seems to be an an important factor.

Counseling and therapeutic options
(PND vs PGD)
In the case of detected carrier status, couples will be
advised to consult a clinical geneticist with whom the
options in subsequent pregnancies can be discussed,
e.g. prenatal diagnosis (PND). There are no causal
therapeutic options with regard to carrier status. As
an alternative to prenatal diagnosis, couples can pro-
ceed to pre-implantation genetic diagnosis (PGD).

Prenatal diagnosis
Despite the relatively low risk mentioned above for
carrier women with RM to have a viable child with
an unbalanced translocation, there is, in our opinion,
an indication to counsel carriers for prenatal chromo-
some testing. The pros and cons of chorion villi

sampling versus amniotic fluid cell culture should be
discussed with the future parents. Guidelines also
emphasize the importance of referral to a clinical
geneticist in order to counsel carriers on PND
[23–26]. In cases of an unbalanced fetal karyotype,
detected at PND, termination of the pregnancy may
be considered after careful and thorough counseling.

Contrary to our a priori expectations, many
couples with an established structural chromosome
abnormality refrained from an invasive PND proce-
dure (CVS or amniocentesis) in subsequent pregnan-
cies. Thus, although all of these couples underwent
proper genetic counseling in which the need for PND
was stressed, many couples disregarded this advice.
Overall, almost half of the carrier couples in our
study group underwent no invasive PND procedures
in any subsequent ongoing pregnancies. In the sub-
group of carrier couples with advanced maternal
age (≥36 years) more than 60% decided against any
type of invasive PND [32]. The motivations of carrier
couples to opt for or refrain from invasive PND-
procedures should be a topic for further research to
optimize clinical care and informed decision making.

Pre-implantation genetic diagnosis
Pre-implantation genetic diagnosis can be used as an
alternative to invasive prenatal diagnosis to avoid
termination of pregnancy in the case of an unbal-
anced fetal karyotype. The technique is restricted to
couples at high risk of transmitting genetic disorders
such as X-linked diseases, various monogenic dis-
eases and also for structural chromosome abnormal-
ities. In these cases, IVF/ICSI treatment is required.
A single cell from each embryo is aspirated, its
nucleus isolated and the nuclear DNA investigated
for the specific translocation or inversion. An embryo
or embryos without abnormal test results can then
be transferred to the uterus.

Pre-implantation genetic diagnosis is used
increasingly frequently for these patients as an alter-
native to prenatal diagnosis. With the results of the
large multicenter cohort in mind that showed the
combined incidence of fetal karyotypes at prenatal
diagnosis and live-born children with an unbalanced
karyotype was 0.7% in couples with two or more
miscarriages carrying a structural chromosome
abnormality [21], and additional smaller studies it
can be asked whether it is necessary to perform pre-
natal or pre-implantation diagnosis to further reduce
this already low chance of unbalanced offspring.
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Apart from preventing the birth of unbalanced
offspring, PGD has also been claimed by some inves-
tigators to increase a woman’s chance of achieving
a live birth [33] or to decrease the miscarriage rate
[34]. In clinical practice, patients are easily tempted
to use this relatively new technique as its rationale
speaks for itself and patients wish to avoid going
through another miscarriage. However, there is cur-
rently some controversy about the efficacy of PGD in
terms of live-birth and miscarriage rates for this par-
ticular group of patients.

No randomized controlled trials or non-randomized
comparative studies comparing the effects of PGD
with natural conception are available. The published
literature of results after PGD consists only of case
series or case reports with the exception of two larger
studies [34,35]. These two studies report a successful
clinical outcome of respectively 28.6% (14/49) live
births/carrier couple and 54.5% (18/33) ongoing preg-
nancies/carrier couple after PGD in respectively 64
and 41 embryo-transfer cycles. At present, there is no
evidence of a high live-birth rate or ongoing preg-
nancy rate when performing PGD in couples with a
history of recurrent miscarriage and carrying a struc-
tural chromosome abnormality [36]. Unfortunately,
the most recent ESHRE PGD Consortium data do
not report details of obstetric history, causing these
results not to be eligible for interpretation with regard
to recurrent miscarriage couples [37].

The combined data of studies reporting on live-
birth rates after natural conception in couples carrying
a structural chromosome abnormality and with a his-
tory of recurrent miscarriage were mentioned in the
previous section.

We are of the opinion that there are insufficient
data to recommend PGD in these couples over sponta-
neous conception. Considering the good prognosis of
achieving a live birth after spontaneous conception,
PGD should not be used in routine care of these
couples until convincing data shows otherwise. Pre-
implantation genetic diagnosis could only be chosen
if the aim is to prevent the very low chance at all costs
of viable unbalanced offspring in couples with recur-
rent miscarriage.

Summary, conclusions and focus
of future research
Couples with recurrent miscarriage are at an
increased risk of either of the partners carrying a

structural chromosome abnormality. Structural
chromosome abnormalities involve the rearrange-
ment of chromosome segments. In their balanced
form there is no overall gain or loss of genetic
material, but in the unbalanced form segments of
chromosomes are added ((partial) trisomies) or
deleted ((partial) monosomies) during the second mei-
otic division. The most common types are transloca-
tions and inversions. The incidence of carrier status of
a structural chromosome abnormality rises from
approximately 0.7% in the general population to
2.2% after one miscarriage, 4.8% after two miscar-
riages and 5.2% after three miscarriages.

It has been shown that it is possible to distinguish
between couples with recurrent miscarriage with a
high chance of carrying a structural chromosome
abnormality and couples with a low chance. Besides
the number of miscarriages, there are other factors
which affect the probability of carrier status, maternal
age at the second miscarriage being the most influ-
ential factor. Another important finding is that the
prognosis of delivering a healthy child is good or
comparable to non-carrier couples with a history of
recurrent miscarriage and the chances of viable
unbalanced offspring due to the chromosome abnor-
mality is very low. To date the accepted advice is to
use the model based on four influential risk factors
to assess the risk of carrier status and subsequently
offer parental chromosome testing only to couples at
high risk of carrier status.

If one of the partners carries a structural chromo-
some abnormality, products of conception can have 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.

(Conventional) parental chromosome testing is
offered to couples who have experienced recurrent
miscarriage. In the past carrier status was regarded as
a serious condition/problem, with negative conse-
quences for reproductive outcome. Nowadays, we
know that although there is an increased risk of
another miscarriage the cumulative chances of having
a healthy live-born child are generally high. The chan-
ces of a severely handicapped child on the contrary
are very low, and thus couples can be encouraged to
conceive again.

In the case of detected carrier status, couples will
be advised to consult a clinical geneticist with whom
the options in subsequent pregnancies should be
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discussed, i.e. prenatal diagnosis. There are no causal
therapeutic options with regard to carrier status. As an
alternative to prenatal diagnosis, couples can proceed
to pre-implantation genetic diagnosis. For PGD, IVF
treatment is required. It has been shown that data
with regard to live birth and miscarriage rates after
PGD are scarce and prove low percentages of live
births or ongoing pregnancies per carrier couple.

The question might even arise whether to refrain
from parental chromosome testing in all couples with
recurrent miscarriage, based on the low risk of unbal-
anced viable offspring. Further discussion on this topic
should be encouraged. In current clinical practice,
evidence-based medicine may conflict with patients’
(or physicians’) desire for diagnostic testing and
treatment.

Molecular cytogenetic techniques (e.g. FISH, QF-
PCR, MLPA, CGH) are improving all the time and
could play a role in the future in establishing sub-
microscopic chromosome abnormalities, resulting in
another way of assessing abnormalities which play
a role in couples with RM. Until now, not enough
evidence has been available for the role of genetic
mechanisms, like (sex chromosome) mosaicism, uni-
parental disomy or skewed X chromosome inactiva-
tion with regard to their association with recurrent
miscarriage. Other potentially interesting fields of
research are patient preferences with regard to paren-
tal chromosome testing and reproductive choices
putatively influenced by abnormal parental chromo-
some test results.
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Chapter

12 Embryoscopy
Thomas Philipp

Introduction
It is thought that 15–20% of all clinically recognized
pregnancies are miscarried. The incidence of clinical
pregnancy losses after in-vitro fertilization (IVF) is
equally high and approximately 1–3 % of fertile
couples experience recurrent early pregnancy losses
[1]. The vast majority of these early intrauterine deaths
are embryos. A failed pregnancy is a highly emotional
event. Parents demand answers to their questions con-
cerning the likely cause of the event and the risk of
recurrence in future pregnancies.

To answer these questions as well as to initiate
appropriate treatment, the gynecologist has to make
an accurate diagnosis of the cause. Investigation pro-
tocols for the examination of recurrent early preg-
nancy loss focus on maternal factors such as
maternal thrombophilic disorders, structural uterine
anomalies, maternal immune dysfunction, endocrine
abnormalities and parental chromosomal anomalies,
as described in other chapters of this book. Despite
major advances in this field, more than 50% of couples
with recurrent miscarriage are assigned to the category
of unexplained or idiopathic recurrent miscarriage
[2–4]. Whether embryonic causes of recurrent early
pregnancy loss exist is currently unknown. For prac-
tical reasons the demised embryo or early fetus is
rarely subjected to a detailed cytogenetic or morpho-
logic evaluation.

At the end of development the embryo measures
30mm. Ultrasound resolution does not permit precise
viewing of this entity. Due to its minute size and
fragility the demised embryo is usually destroyed
by instrumental evacuation or spontaneous passage
and cannot be subjected to a detailed pathological
investigation [5].

The only method which permits visualization of
the embryo in utero is embryoscopy. Using the trans-

cervical approach prior to curettage in cases of early
pregnancy loss, the outer aspect can be accurately
assessed and a variety of developmental defects diag-
nosed without causing artificial damage [6].

In this chapter we will describe the technique and
various embryoscopic findings in cases of early intra-
uterine death and discuss whether a detailed morpho-
logic and cytogenetic evaluation of the conceptus helps
in accurately diagnosing embryonic and early fetal
reasons for loss of pregnancies.

Technique of transcervical
embryoscopy
Transcervical embryoscopy is performed in patients
who have experienced a first-trimester fetal loss and
are scheduled to undergo instrumental evacuation of
the uterus under general anesthesia. An early fetal loss
(missed abortion) on ultrasound is defined as an
embryo or early fetus without heart action, whose
crown–rump length can be measured by transvaginal
ultrasound. The CRL must be precisely measured. It is
one of the criteria to establish the developmental age
and prerequisite to assess the embryo morphologi-
cally. Embryoscopy is performed before curettage
using a rigid hysteroscope (12-degree angle of view
with both the biopsy and the irrigation working chan-
nel, Circon Ch 25–8mm). Continuous normal saline
flow is used throughout the procedure (pressure,
40–120mm Hg) to help distend and clean, and thus
provide a clear view.

Embryoscopy is a stepwise investigation. The steps
have to be performed cautiously in order to avoid
bleeding that would obscure the examiner’s vision.

Dilatation of the cervical canal
Before the embryoscope is inserted transcervically into
the uterine cavity the cervical canal is gently dilated.
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Care must be taken to avoid injury to the uterine
cavity.

Localization of the gestational sac and
assessment of the uterine cavity
The uterine cavity is obliterated mid-trimester by
fusion of the decidua capsularis and the decidua par-
ietalis. In first-trimester pregnancies, the decidua cap-
sularis and parietalis are not yet fused. After dilation of

the cervical canal the hysteroscope is thus inserted into
the uterine cavity and congenital and acquired uterine
defects can be diagnosed.

After inspection of the uterine cavity the gesta-
tional sac is localized.

Incision of the chorion and the amnion
The gestational sac is seen on embryoscopy as a white
and opaque protuberance. Its greater part is in contact
with the decidua capsularis. Over this portion the
chorionic villi undergo atrophy later on and form the
chorion laeve. The future chorion laeve can be opened
next to the site of implantation using microscissors,
without causing hemorrhage.

In early pregnancy the chorion is separated from
the amnion by a fluid-filled space known as the extra-
embryonic coelom. The embryo is thus viewed
through the amnion. In early intrauterine deaths the
cloudy amniotic sac tends to obscure vision by reflect-
ing light.

The small size of the embryo requires a very high
image resolution. At the end of the 8th week it meas-
ures 30mm but already possesses a variety of minute
structures. The embryoscope should be advanced close
to the embryo in order to identify delicate developing
structures (Figures 12.1 and 12.2). In failed pregnan-
cies there is no need to avoid amniotic rupture. The
hysteroscope can be inserted into the amniotic cavity
after opening this membrane with microscissors.

The investigation can be performed satisfactorily
by adjusting the pressure of the distension medium if

Figure 12.1a Ultrasonogram before embryoscopy examination
showed monochorionic monoamniotic twin pregnancy with two
embryos (I+II), each measuring 29mm in crown–rump length.

Figure 12.1b Embryoscopic lateral view of the two embryos. Note
the developing eye lids. The arrow marks the external ear. The elbow
is bent .The fingers are separated. Herniation of the midgut into the
umbilical cord (U) is still physiological at this developmental stage.
A normal karyotype (46,XX) was diagnosed cytogenetically. A color
reproduction of this figure can be found in the color plate section.

Figure 12.2a Ultrasonogram before embryoscopy examination
showed an embryo without heart action measuring 7mm in
crown–rump length.

Chapter 12 Embryoscopy

104



necessary and opening the membranes (chorion and
amnion) using microscissors. The distension medium
should be set to low pressure in order to prevent the
membrane from collapsing. The chorion and amnion
should be opened with microscissors to avoid tenting
of these structures.

Morphological evaluation of the embryo
A comprehensive examination of the conceptus
includes visualization of the head, face, dorsal and
ventral walls, limbs and umbilical cord. Embryos –
especially macerated specimens – are extremely fragile
and should not be touched by the tip of the scope or
the micro instruments. A gentle drift achieved by
adjusting the flow of the hysteroscope usually permits
full assessment of the embryo.

To evaluate embryonic development accurately it
is essential to take photographs of the embryo from the
anterior, posterior and lateral aspect. After the proce-
dure has been concluded these photographs may be
compared with illustrations of normal embryos of
each developmental stage.

Tissue sampling
Cytogenetic assessment of early intrauterine deaths is
hampered by maternal contamination. An apparently
normal 46,XX karyotype in the curettage material of

early miscarriage specimens is not always a reliable
result. Transcervical embryoscopy permits selective
and reliable sampling of chorionic tissues with mini-
mal potential for maternal contamination [7]. Direct
chorion biopsies can be taken by embryoscopy at the
end of the morphological examination [8]. At our
hospital, chorionic villus sampling is performed
under direct vision through the hysteroscope. A
microforceps (CH 7–2mm) is used to sample the
chorionic villi from the implantation site (the future
chorion frondosum) of the gestational sac. The villi are
then dissected in normal saline, placed in culture
medium, and immediately sent to the cytogenetic la-
boratory for further processing. The tissue is subse-
quently cultured and analyzed cytogenetically, using
standard G-banding cytogenetic techniques.

Instrumental evacuation of the uterus
At the end of the procedure the curettage is performed.

Embryonic malformations
The developing human is considered to be an embryo
from conception to the end of the 8th week. From the
beginning of the 9th week until birth the developing
infant is known as a fetus. The distinction between an
embryo and a fetus is more than a matter of terminol-
ogy. The prevalence of developmental defects and the
rate of chromosomal abnormalities are particularly
high in embryonic specimens.

The embryonic period is a highly dynamic process
during which the appearance of the conceptus is con-
stantly changing. At the end of the 8th week it meas-
ures 30mm but already possesses a variety of named
structures. In order to diagnose developmental defects
accurately the clinician must be aware of the embryo’s
developmental age. The developmental age or concep-
tional age of an embryo or fetus extends from the day
of fertilization to the day of intrauterine death or
expulsion. The developmental age is established by
the CRL, measured on ultrasound and by developmen-
tal hallmarks, established by embryoscopy. Any dis-
crepancy between embryonic length and specific
developmental hallmarks points to the existence of
an embryonic developmental defect.

In miscarriage specimens, on the other hand, ges-
tational or menstrual age extends from the first day of
the last menstrual period to the expulsion or removal
of the conceptus.

This term used in clinical terminology and ultra-
sound is not helpful when studying early miscarriage

Figure 12.2b Four branchial arches an the lens plakode (arrow) are
clearly discernible. The head is close contact to the heart prominence
(H). Note the yolk (Y) sac with fetal blood islands. (M) marks a micro-
bubble. Chromosome analysis revealed a normal (46,XX) karyotype.
A color reproduction of this figure can be found in the color plate
section.
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specimens because early pregnancy losses are usually
retained in utero for several days or weeks.

Abnormal embryonic development may be local or
general. General abnormal embryonic development is
named embryonic growth disorganization.

Embryonic growth disorganization
General maldevelopment is a typical malformation of
the embryo. It suggests a severe disturbance in early
human development that is incompatible with normal
fetal development. The embryos are marked by an
abnormal, slow growth pattern before cessation of
their heart action on ultrasound investigation.

Based on the degree of abnormal embryonic devel-
opment, a distinction is made between four types: GD
1 to GD 4 [9].

GD 1 is marked by an empty sac or anembryonic
sac. The amnion, if present, is often fused to the
chorion. Fusion of the amnion to the chorion
prior to 10 weeks’ gestation is abnormal.

GD 2 conceptuses are characterized by 3–5mm of
embryonic tissue with no identifiable external
embryonic landmarks and no retinal pigment. It
is not possible to delineate a caudal or cephalic
pole. Often the embryo is directly attached to the
chorionic plate.

GD 3 embryos are up to 10mm long. They lack
limb buds but frequently possess retinal pigment
(Figure 12.3).

GD 4 embryos have a crown–rump length of more
than 10mm, a discernible head, trunk and limb
buds. The limb buds are significantly retarded
and the development of the facial structures
tends to be very abnormal.

Localized developmental defects
Localized developmental defects may be isolated or
combined. They are similar to the malformations
seen in fetuses and newborns. The following local
defects have been diagnosed on embryoscopy.

Head defects
Some of the head defects seen on embryoscopy are
microcephaly, anencephaly, faciocranioschisis, ence-
phalocele (Figure 12.4), inencephaly, facial dysplasia,
lateral and median cleft lip, cleft palate, fusions of the

Figure 12.3a Sonography before the embryoscopic examination
showed embryonic structure (arrow) in a disproportionately large
chorionic sac.

Figure 12.3b Embryoscopic examination revealed a GD 3 embryo
measuring 6mm crown–rump length. A short body stalk connected
the GD3 embryo to the chorionic plate (C). Cytogenetically trisomy 7
(47, XY, +7) was diagnosed. A color reproduction of this figure can be
found in the color plate section.

Figure 12.4a Sonographic and (b) embryoscopic examination of a
missed abortion measuring 19mm crown–rump length.
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face to the chest, absence of eyes, unfused eye globes
and proboscis.

Microcephaly and facial dysplasia are common
defects in embryos and are usually observed in combin-
ation. Microcephaly is seen on embryoscopy as an
embryo with a poorly developed cranium with loss of
normal vascular markings. The bulge of the frontal area,
which is common in embryos of this size, is absent.

Embryos with a dysplastic face show poorly devel-
oped branchial arches and midface structures on
embryoscopic examination.

A cleft lip occurs when the maxillary prominence
and the united medial nasal prominences do not fuse.
In the embryo a cleft lip cannot be diagnosed until
after 7 weeks of development because fusion does not
occur until this time.

A cleft palate occurs when the primary anterior
palate, the lateral palatine processes and the nasal
septum fail to unite. A cleft palate can only be diag-
nosed in the fetal period because fusion is completed
after the 10th week of development.

Trunk defects
Trunk defects include spina bifida, omphalocele and
gastroschisis. The phenotype of spina bifida in the
early developmental stages differs from its well-known
appearance in the fetus or neonate. In the embryo, a

spina bifida is frequently seen as a plaque-like protru-
sion of neural tissue over the caudal spine [10].

Herniation of the midgut is still physiological at 8
developmental weeks. Therefore, an omphalocele can
only be diagnosed in the fetal period.

Limb defects
Preaxial and postaxial hexadactyly, syndactyly, split-
hand malformation, and transverse limb reduction
defects are the most commonly observed limb
malformations.

In the embryo syndactyly cannot be diagnosed
until after the end of the 8th week of development
because the fingers are not separated before this time.

Umbilical cord defects
Umbilical cord cysts and abnormal thin and/or short
cords are usually found in chromosomally abnormal
embryos.Umbilical cord torsion and stricture are rarely
observed on embryoscopy and are usually postmortem
artifacts.

Duplication abnormalities
Chorangiopagus parasiticus (CAPP) or acardiac con-
joined twins, and other conjoined twins (Figure 12.5)
have been identified on embryoscopy [11].

Amnion rupture sequence
Amnion rupture sequence (ARS) may cause abnor-
malities that are detectable on embryoscopy, such as
encephaloceles, cleft lip and amputations. In early
abortion specimens the amniotic bands are often
much finer than they are in the later fetal period [12].

Prevalence of embryonic developmental
defects in early intrauterine deaths
As shown in Table 12.1, only 58 (11.3%) of 514 early
fetal losses had no external abnormalities whereas 456
(88.7%) weremarked by abnormal development. Of the
latter cases, embryonic growth disorganization (GD 1–
4) was seen in 237 (46.1 %) while 198 cases (38.5%)
showed no disorganization of development but did
have severe combined localized defects. Twenty-one
specimens had isolated local developmental defects.

Correlation of embryonic morphology and
karyotype in early abortion specimens
Correlation of embryonic morphology and karyotype
(Table 12.1) in early abortion specimens reveals a high

Figure 12.4b Close up, lateral view of the upper portion of the
trisomiy 15(47,XY,+15) embryo with a parietal encephalocele (arrow).
The embryo showed on embryoscopic examination abnormal lip
development and a dysplastic face. Based on the crown–rump
length, the head is too small and the upper limbs (UL) are retarded in
their development. A color reproduction of this figure can be found
in the color plate section.
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rate of chromosomal abnormalities in phenotypically
abnormal embryos. The highest rate of chromosomal
abnormalities (86%) is seen in embryos with com-
bined local developmental defects [13,14]. Of grossly
disorganized embryos, about 70% are cytogenetically
abnormal. A relatively low frequency of chromosomal
abnormalities is seen in embryos of normal phenotype
(41%).

The majority (95%) of the observed chromosomal
mutations is not hereditary and signify 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).

Aneuploidy/polyploidy is the major factor affect-
ing normal embryonic development in early intrauter-
ine deaths and may explain why spontaneous abortion
is usually a sporadic event in a patient’s reproductive
history although the prevalence of developmental
defects among early intrauterine deaths is high.
Therefore, all embryoscopic findings should be sup-
plemented by cytogenetic analysis in order to distin-
guish between non-chromosomal and chromosomal
causes of abnormalities.

Table 12.1 Specimen morphology and karyotype of 514 early intrauterine deaths. From Philipp (2007) [22].

Morphology Total
specimens

Total specimens successfully
karyotyped

Specimens with abnormal
karyotype

No. %a No. %b No. %c

Normal 58 11.3 56 96.2 23 41.1

Embryonic growth disorganization 237 46.1 225 95 156 69.3

Combined localized defects 198 38.5 193 97.3 166 86.0

Isolated localized defects 21 4.1 21 100 14 66.7

Total 514 100 495 96.3 359 72.5

a Percentage of total number of specimens with that morphology.
b Percentage of each morphological category successfully karyotyped.
c Percentage of each morphological category with an abnormal karyotype.

Figure 12.5a Ultrasonogram before embryoscopy examination
showed an embryo (arrow) without heart action measuring 7mm in
crown–rump length in a disproportionately large chorionic sac. No
distinct abnormalities were identified on sonography.

Figure 12.5b Embryoscopic examination from a lateral view (b)
showed dicephalus conjoined twins. The microcephalic conjoined
twins showed dysplastic faces and shared a body from the upper
chest downwards. Two upper (UL) and no lower limbs and a single
umbilical cord (U) were seen by embryoscopy. A normal karyotype
(46,XY) was diagnosed cytogenetically. A color reproduction of this
figure can be found in the color plate section.
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Indications for a detailed
embryoscopic evaluation of early
intrauterine deaths
Embryoscopy should be offered to a patient when a
reliable cytogenetic evaluation of the abortus is indi-
cated. Typical situations would be:

* Patients with a history of infertility who conceived
but whose pregnancy failed.

* Patients with a fetal loss and a history of recurrent
pregnancy loss.

* Women who were receiving treatment to prevent
miscarriage but were diagnosed with a non-viable
pregnancy.

Advantages of a detailed
embryoscopic and cytogenetic
evaluation of early intrauterine
deaths: accurate diagnosis of fetal
causes of pregnancy loss
Loss of pregnancy may be due to maternal or fetal
factors. Its etiology may be diverse.

In early pregnancy loss, current investigation pro-
tocols frequently do not permit a conclusive diagnosis
because maternal factors are assessed but fetal causes
of pregnancy loss are usually not investigated.

Fetal causes of pregnancy loss include (a) chromo-
somal aberrations and (b) structural abnormalities of
the embryo that are indicative of non-viability or asso-
ciated with a high rate of intrauterine mortality.

Reliable cytogenetic evaluation of the
conceptus
The value of karyotyping early abortion specimens is
limited by false negative results due to maternal con-
tamination. A 46,XX karyotype in the curettage mater-
ial is not always a reliable finding [15].

Transcervical embryoscopy permits selective
and reliable sampling of uncontaminated embryonic
tissue prior to dilatation and curettage (D&C). Direct
chorion biopsies can be taken embryoscopically at the
end of the morphological examination under visual
monitoring using a microforceps. This approach
ensures minimal maternal contamination.

Seventy percent of all early intrauterine deaths losses
are marked by chromosomal abnormalities. The prin-
cipal categories of chromosomal abnormalities are

autosomal trisomies, sex chromosome monosomy and
polyploidy. About 2–5% of abnormal karyotypes that
occur in early spontaneous losses are structural chromo-
somal abnormalities. The majority of chromosomal
abnormalities observed among early spontaneous losses
are incompatible with fetal development. Most (95%) of
these chromosomal mutations are not hereditary and
signify no additional risk for future pregnancies.

In summary, a reliable cytogenetic evaluation of
the conceptus alone will permit investigators to elicit a
causal explanation for about 70% of all early preg-
nancy losses.

What additional information can be gained
from a morphological examination of the
embryo with a normal karyotype?
In cases of a normal karyotype the embryonic mor-
phology might yield additional information about the
individual cause and the risk of recurrence of early
pregnancy loss.

Some of the observed embryonic malformations
are either incompatible with fetal development
(embryonic growth disorganization) or associated
with a high intrauterine mortality rate (CNS defects,
amniotic bands, duplication abnormalities, vascular
disruptions). This information would be completely
lost and the embryonic developmental defect would
remain unidentified if embryoscopy were not
performed.

The finding of a normal embryo with a normal
karyotype (Figure 12.2) might also be valuable in
terms of supportive information because the loss of
pregnancy is more likely due to maternal factors. A
detailed investigation of the mother is indicated in
these cases.

To give individual answers to the questions of the
parents concerning the probable risk of recurrence of
the observed developmental defects in future pregnan-
cies, an accurate description of these specimens is
essential. Specific mechanisms leading to the observed
developmental defects can be identified by a detailed
morphological evaluation of the embryo.

In fetuses or live-born infants, congenital malfor-
mations are commonly explained by Mendelian and
multifactorial disorders. Isolated localized embryonic
developmental defects diagnosed on embryoscopy,
similar to those observed among fetuses and live-
born infants, might also be heterogeneous in terms
of their origin. They may be of multifactorial origin
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or caused by non-genetic mechanisms (e.g. amniotic
bands, duplication anomalies, vascular disruptions).
The probability of recurrence of these defects in future
pregnancies differs according to their etiology. If the
observed defects (e.g. isolated neural tube defects, cleft
lip, limb malformations) are multifactorial in origin,
the risk of recurrence is estimated to be approximately
2–5%. The recurrence rate may be not significantly
increased if a non-genetic mechanism (amniotic
bands, duplication anomalies, vascular disruptions)
is responsible for abnormal embryonic development.

Multiple localized developmental defects without a
chromosomal anomaly are rare (nearly 90% of embryos
with combined developmental defects show a chromo-
somal abnormality) and may indicate a single gene
defect [16]. In these cases a high recurrence rate cannot
be excluded. Diagnosis of a specific syndrome is usually
not possible at these early stages. However, a detailed
description of the observed developmental defects
might be valuable for first-trimester ultrasound screen-
ing in future pregnancies in order to exclude recurrence
of the observed developmental defects.

The etiology of embryonic growth disorganization
with an apparently normal karyotype is currently
unknown. Knowledge about generalized embryonic
maldevelopment is scarce because it is a typical mal-
formation of the embryo which could not be inves-
tigated morphologically in the past.

Embryonic growth may be affected by maternal
factors such as anti-phospholipid antibodies, endo-
crine factors and immunological causes. However,
these factors are known to be non-teratogenic.

Embryonic development is a precisely choreo-
graphed event of programmed developmental steps,
involving many genes that regulate growth andmorpho-
genesis. Embryonic growth disorganization possibly
resulting from an aneuploidy/polyploidy suggests that
there may be a genetic cause which cannot be identified
by current cytogenetic techniques [17]. Sub-microscopic
chromosomal rearrangements containing genes required
for embryonic growth and morphogenesis have only
recently been considered to be etiologically related to
loss of pregnancy [18,19]. The fact of these geneticmech-
anisms challenges the prevailing assumption that the
absence of a genetic disorder on routine laboratory test-
ing is a reason to look for non-genetic causes.

If we are correct in hypothesizing that single gene
defects and submicroscopic chromosomal rearrange-
ments (e.g. microdeletions, duplications) exist in
chromosomally normal embryos with developmental

defects, it might explain why the identification of a
normal karyotype in early abortion specimens is usu-
ally interpreted as a poor prognostic sign [20,21].

Our present knowledge about these factors is
limited. However, correlations of embryoscopic and
cytogenetic findings will confront investigators with
factors currently not known to be involved in early
pregnancy loss. This might serve as an impetus for
further detailed genetic studies of abnormal embryos
with a normal karyotype, which are needed to achieve
a better understanding of embryopathy and as a con-
sequence of early pregnancy loss itself.
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Chapter

13 Acquired thrombophilia and recurrent
early pregnancy loss
Aisha Hameed and Lesley Regan

Acquired thrombophilia and recurrent
early pregnancy loss
Miscarriage is the commonest complication of preg-
nancy. Only one in four conceptions results in a live
birth; some 30% of fertilized eggs fail to implant, a
similar number are lost at the early embryonic stage
and about 15% of clinically recognized pregnancies
end in miscarriage at the fetal stage. In summary,
the vast majority of miscarriages occur early in
pregnancy, well before 10–12 weeks’ gestation and
the incidence of late or second-trimester pregnancy
loss between 12 and 24 weeks’ gestation is no more
than 2% [1,2].

Recurrent miscarriage, defined as three or more
consecutive pregnancy losses before the fetus has
reached the age of viability, affects 1% of couples [3].
If two or more pregnancy losses are included in the
definition, the scale of the problem increases from 1%
to 5% of all couples trying to achieve a successful
pregnancy outcome. By contrast, at least 25% and
probably as many as 50% of all women experience
one or more sporadic miscarriages. In the majority
of cases, the pregnancy loss is due to a random fetal
chromosomal abnormality [4], the risk of which rises
with increasing maternal age [5].

Recurrent miscarriage is a heterogeneous condi-
tion and no single abnormality will account for all
cases. Historically the causes have been grouped into
genetic, anatomical, infective, endocrine, immune,
environmental and unexplained categories. However,
the numerical contributions that these individual cat-
egories make to the overall problem are variably
reported, reflecting the referral and ascertainment
bias introduced by clinicians with specialist interests
and expertise and the misleading conclusions that may
be drawn from studies that only include small patient
numbers [1,6].

Amongst 500 women with a history of recurrent
miscarriage attending a specialist clinic at St Mary’s
Hospital, London, 3% had a parental chromosomal
abnormality, 15% had an acquired thrombophilic dis-
order and in approximately 50% of these women no
underlying cause was detected [7]. This contrasts with
the percentages reported from a US thrombosis clinic
asked to investigate 350 women with a history of
recurrent miscarriage (mean 2.8; range 2–8 losses) –
7% had a parental chromosomal abnormality, approxi-
mately 60% were diagnosed with blood coagulation
protein/platelet defects and only 6% of cases remained
unexplained after investigation [8]. Nevertheless, our
recent understanding that thrombophilic disorders
play an important part in the etiology of recurrent
pregnancy loss at various gestational ages has widened
the scope of investigations andmanagement options for
this distressing condition.

A thrombophilic defect is an abnormality in the
coagulation system that predisposes an individual to
thrombosis. Indeed, the term thrombophilia was first
coined in 1965 to describe the increased risk of venous
thrombosis in a Norwegian family with antithrombin
deficiency [9]. Since then, the number of detectable
thrombophilic defects has increased dramatically and
we now recognize that these defects can be inherited or
acquired. In addition to the knowledge that deficien-
cies in the endogenous anticoagulants protein C, pro-
tein S and antithrombin 111 have a heritable basis,
three common thrombophilic gene mutations have
been identified: Factor V Leiden G1691A [10]; Factor
II Prothrombin G20210A [11]; and the methylene
tetrahydrofolate reductase (MTHFR) thermolabile
variant C677T [12] (which leads to hyperhomocystei-
nemia). These are now firmly established causes of
systemic thrombosis.

These thrombophilic defects do not necessarily
cause a thrombosis but may weaken the ability to
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cope with a further prothrombotic insult, such as
pregnancy. Pregnancy is a hypercoagulable state
secondary to an increase in the levels of certain co-
agulation factors and a decrease in the levels of anti-
coagulant proteins and fibrinolysis. The first studies of
the prevalence of coagulation abnormalities in women
with adverse pregnancy outcomes appeared in the mid
1990s [13,14], the presumed hypothesis being that an
exaggerated hemostatic response during pregnancy
leads to thrombosis of the uteroplacental vasculature
and fetal demise.

Since then, numerous studies of the prevalence of
individual coagulation defects have reported very vari-
able findings, with one study suggesting that as many as
66%ofwomenwith RMhave at least one thrombophilic
defect as compared with 28% of controls with normal
pregnancy histories [15]. In a comprehensive meta-
analysis of 31 studies of thrombophilic disorders and
fetal loss, Rey et al. concluded that there is an increased
prevalence of several acquired and inherited thrombo-
philic disorders in women with previously unexplained
recurrent miscarriage compared with women with no
history of adverse pregnancy outcome [16].

This chapter examines the role that the acquired
thrombophilic defects play in the magnitude of early
pregnancy loss, with particular reference to Primary
Antiphospholipid syndrome, hyperhomocysteinemia
and Acquired protein C resistance.

Antiphospholipid syndrome
Antiphospholipid syndrome (APS) is now recognized
to be the most important treatable cause of recurrent
miscarriage [3]. When first described, this syndrome
referred to the association of antiphospholipid
antibodies with recurrent miscarriage, thrombosis or
thrombocytopenia [17]. However, it has now become
apparent that these three clinical features of APS are
too limiting. Revised criteria for the diagnosis of APS
recognize the importance of additional obstetric mani-
festations of antiphospholipid antibodies(aPL), such
as a history of pre-eclampsia, intrauterine growth
restriction, intrauterine death, placental abruption
and pre-term labor [18,19]. In addition there are a
variety of neurological, vascular and dermatological
presentations of aPL, which are listed in Table 13.1.
Primary APS affects patients with no identifiable
underlying systemic connective tissue disease, whereas
APS in patients with chronic inflammatory diseases
such as systemic lupus erythematosus is referred to as
secondary APS.

Screening for Antiphospholipid syndrome
Antiphospholipid antibodies are a family of approxi-
mately 20 heterogeneous autoantibodies that are
directed against phospholipid-binding plasma pro-
teins (see list in Table 13.2). In the etiology of early
pregnancy loss, the two most clinically important aPLs
are the lupus anticoagulant (LA) and anticardiolipin
antibodies (aCL) of the immunoglobulin G (IgG) and
IgM subclasses.

Antiphospholipid antibodies can be associated
with pregnancy loss and morbidity in each of the
three trimesters of pregnancy [3]. Women with aPL
may have an unusually high proportion of later preg-
nancy losses at 10 or more weeks’ gestation [20], but
since the vast majority of miscarriages occur early in
pregnancy before 10 weeks’ gestation, numerically the
impact of APS is greatest during the pre-embryonic
(<6 weeks) and embryonic period (6–9 weeks) [21,22].

The diagnosis of APS is determined by the detec-
tion of either the LA or aCL of the same subclass,
in blood samples taken on at least 2 occasions more
than 6 weeks apart. The detection of aPL is subject to
considerable inter-laboratory variation [23], due to

Table 13.1 Clinical manifestations of antiphospholipid
antibodies.

Neurological Dermatological

Transient ischemic attacks Livedo reticularis

Cerebrovascular accidents Cutaneous necrosis

Chorea

Peripheral neuropathy Hematological

Migraine Thrombocytopenia

Epilepsy Prothrombin deficiency

Obstetric Vascular

Recurrent miscarriage Venous thrombosis

Intrauterine growth retardation Arterial thrombosis

Intrauterine death Mitral valve prolapse

Pre-eclampsia Thrombotic endocarditis

Chorea gravidarum

Neonatal

Neonatal thrombosis

Congenital heart block
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temporal fluctuations of aPL titres in individual
patients, transient positivity secondary to infection,
suboptimal sample collection and preparation and
lack of standardization of laboratory tests for their
detection. In order to avoid these diagnostic inaccur-
acies, international guidelines for optimal sample col-
lection and test performance have been introduced.
For example, ensuring that samples for LA testing
are collected using minimal venous stasis and are
double centrifuged within 2 hours of collection in

order to prepare platelet-poor plasma [24]. The dilute
Russell’s Viper Venom Time (dRVVT) with platelet
neutralizing procedure is the most sensitive assay to
detect LA [21]. Both IgG and IgM aCL are assayed
using a standardized enzyme linked immunosorbent
assay (ELISA) [25].

The most recent international consensus statement
has further updated the classification criteria for defin-
itive Antiphospholipid syndrome [26]. In this latest
revision, anti-β2 glycoprotein-I antibodies were added
to the laboratory criteria and more precise pregnancy-
related complications were described. The revised clin-
ical and laboratory criteria are detailed in Table 13.3.
However, it should be noted by clinicians that the
recommendation to allow 12 weeks between test sam-
ples 1 and 2 will prove difficult to uphold if current UK
health service waiting list targets for outpatients are to
be met.

Prevalence of Antiphospholipid syndrome
It is generally accepted that some 15% of women with
recurrent miscarriage have persistently positive tests
for aPL, both LA and aCL [21], although this figure
may vary depending on the criteria used for the diag-
nosis of APS. In a review of 16 published studies the
prevalence of LA ranged from 0–9% and that of aCL
from 5–51% [27]. By comparison, the prevalence of
aPL in women with a “low risk” obstetric history is less
than 2% [28,29]. Experience gained from our specialist
clinic at St Mary’s London, emphasizes the importance

Table 13.2 Common antiphospholipid antibodies.

Anticardiolipin antibodies

Lupus anticoagulant

Anti-phosphatidylserine

Anti-phosphatidylinositol

Anti-phosphatidylcholine

Anti-phosphatidic acid

Anti-phosphatidylethanolamine

Anti-phosphatidic acid

Anti-phosphatidylglycerol

Anti-annexin-v antibody

β2 glycoprotein-I

Hexagonal phospholipid

Table 13.3 Current criteria for the diagnosis of Antiphospholipid syndrome.

Antiphospholipid antibody syndrome (APS) is present if at least one of the clinical criteria and one of the following laboratory criteria are met.
Clinical criteria
1. Vascular thrombosis

One or more clinical episodes of arterial, venous or small vessel thrombosis, in any tissue or organ. Thrombosis must be confirmed by
objective validated criteria (i.e. unequivocal findings of appropriate imaging studies or histopathology). For histopathologic
confirmation, thrombosis should be present without significant evidence of inflammation in the vessel wall.

2. Pregnancy morbidity

(a) One or more unexplained deaths of a morphologically normal fetus at or beyond the 10th week of gestation, with normal fetal
morphology documented by ultrasound or by direct examination of the foetus, or

(b) One or more premature births of a morphologically normal neonate before the 34th week of gestation because of: (i) eclampsia or
severe pre-eclampsia defined according to standard definitions, or (ii) recognized features of placental insufficiency, or

(c) Three or more unexplained consecutive spontaneous abortions before the 10th week of gestation, with maternal anatomic or
hormonal abnormalities and paternal and maternal chromosomal causes excluded.

Laboratory criteria
1. Lupus anticoagulant (LA) present in plasma, on two or more occasions at least 12 weeks apart, detected according to the guidelines of

the International Society on Thrombosis and Haemostasis (Scientific Subcommittee on LAs/phospholipid-dependent antibodies).
2. Anticardiolipin (aCL) antibody of IgG and/or IgM isotype in serum or plasma, present in medium or high titer (i.e. >40 GPL or MPL, or

>99th percentile), on two or more occasions, at least 12 weeks apart, measured by a standardized ELISA.
3. Anti-β2 glycoprotein-I antibody of IgG and/or IgM isotype in serum or plasma (titer >99th percentile), present on two or more occasions,

at least 12 weeks apart, measured by a standardized ELISA, according to recommended procedures.
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of testing for both LA and aCL since there is little cross
reactivity between them. Furthermore, a previous per-
sonal or family history of thrombosis, cardiovascular
disease, epilepsy or migraine is strongly predictive of
positive aPL status [21]. Testing for aPL other than LA
and aCL is of no proven benefit in the investigation of
women with recurrent miscarriage [30,31].

Outcome of pregnancy in women with
untreated aPL
The outcome of pregnancy in untreated women with
aPL and a history of recurrent miscarriage is invari-
ably poor. The earliest studies were undertaken by
physicians and reported that the fetal loss rate in
women with APS was in the range of 50–70%
[28,32]. It was subsequently realized that these figures
underestimated the scale of the problem because
recruitment only took place after these women had
presented for antenatal care (at approximately
12 weeks) by which time the majority of miscarriages
have already occurred. In a prospective observational
study which recruited women with APS before preg-
nancy, the miscarriage rate was 90% with no pharma-
cological treatment. By contrast, the miscarriage rate
amongst a control group of aPL-negative women with
recurrent miscarriage was significantly lower – in the
region of 40% [33].

Mechanism of aPL pregnancy loss
The mechanisms by which aPL cause adverse preg-
nancy outcome are varied, reflecting in part their
heterogeneity. A growing body of evidence has impli-
cated thrombophilia in late pregnancy complications
such as intrauterine growth restriction, severe pre-
eclampsia and placenta abruption ([34,35] and there
is also reasonable evidence to suggest that some cases
of recurrent miscarriage are associated with thrombo-
sis of placental vessels and infarction [36,37]. Firstly,
microthrombi are a common finding in the placental
vasculature and decidua of women with recurrent
miscarriage [38]. Secondly, placental thrombosis
and infarction have been described in association
with certain thrombophilic defects [39,40]. Thirdly,
thrombophilic defects are significantly more prevalent
amongst women with such pregnancy complications
[16]. Fourthly, there is an increased incidence of preg-
nancy loss amongst women carrying thrombophilic
defects [38]. However, pathological placental and
decidual features are neither specific nor universal

[41,42] and adverse pregnancy outcomes can occur
in women with thrombophilic disorders in the absence
of placental thrombosis [43].

In summary, additional or alternative non-
thrombotic mechanisms must have a part to play in a
proportion of women with aPL and recurrent miscar-
riage. Indeed, more recent advances in our under-
standing of early pregnancy development and the
biology of aPL have provided new insights into the
mechanisms of aPL-related pregnancy failure. In vitro
studies report that aPL (a) impair signal transduction
mechanisms controlling endometrial cell decidualiza-
tion [44]; (b) increase trophoblast apoptosis [45];
(c) decrease trophoblast fusion [45–47]; and (d) impair
trophoblast invasion [42,46]. Interestingly, the effects of
aPL on trophoblast function are reversed, at least
in vitro, by low molecular weight heparin [45–48].

Elegant experiments in mice have highlighted the
pivotal role that complement plays in the pathogenesis
of aPL-induced fetal damage. Antiphospholipid anti-
bodies activate the classical complement pathway, gen-
erating the potent anaphylatoxin C5a which in turn
recruits and activates inflammatory cells leading to
tissue damage in the placenta and fetal death or growth
restriction [49,50]. Heparin prevents aPL-induced
fetal loss by inhibiting complement activation [51]
which raises the possibility that complement inhibi-
tory therapies targeted to the placenta may be a useful
treatment option for prevention of miscarriage in the
future.

Treatment of Antiphospholipid syndrome
in pregnancy
A variety of treatments including corticosteroids, low-
dose aspirin, low-dose heparin and immunoglobulins
have been tried either singly, or in combination, in
an attempt to improve the live-birth rate of women
with APS.

Our understanding of this complex syndrome
continues to evolve. Having moved away from con-
sidering APS to be a systemic connective tissue dis-
ease, we went on to recognize that many cases have a
thrombotic etiology. However, we now appreciate
that APS is an example of an acquired thrombophilic
disorder (as opposed to an inherited defect) that leads
to fetal loss and later pregnancy complications.
Furthermore, evidence is now emerging that aPL
can exert adverse effects on the decidual immune
response, which may be responsive to immunomodu-
latory treatments.
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Currently, the use of thromboprophylactic agents
are the favored treatment options for pregnant aPL-
positive women with a history of recurrent miscar-
riage. A meta-analysis has shown that a combination
of aspirin and heparin can significantly improve the
live-birth rate in women with recurrent miscarriage
and APS [52].

Corticosteroids and Antiphospholipid syndrome
When Antiphospholipid syndrome was first linked to
fetal loss and pregnancy morbidity in the early 1980s, it
was considered to be an autoimmune disorder [53].
Hence, glucocorticoid therapy was widely used in an
attempt to dampen the so-called excessive maternal
immune response that damaged the pregnancy. A recent
Cochrane review [54] identified two trials comparing
prednisone and aspirin with placebo or aspirin alone
and concluded that prednisone and aspirin did not
improve the live-birth rate (RR 0.85, 95% CI 0.53 to
1.36) [55,56]. However, the use of corticosteroids was
associated with a significant increase in both maternal
and fetal morbidity. There was a significant increase in
pre-term births and in one study admission to the neo-
natal intensive care unit was nine timesmore likely in the
prednisone-treated group than the placebo group (95%
CI 2.14–37.78) [55]. Amongst the women treated with
prednisone the rate of pre-eclampsia and hypertension
was higher and a 3.3 times (95% CI 1.53–6.98) greater
risk of gestational diabetes was noted when compared
with placebo, aspirin alone, heparin and aspirin, or IvIg
[55–58]. Neonatal birth weight was significantly less in
the prednisone and aspirin-treated groups compared
with aspirin (weighted mean difference (WMD)
−552.00, 95% CI −1064.79 to −39.21) [56] or IvIg
(WMD −351.00, 95% CI −587.94 to −114.06) [57].

Role of aspirin in Antiphospholipid syndrome
Aspirin is an anti-platelet agent which irreversibly
inhibits platelet cyclo-oxygenase and thereby decreases
the production of thromboxane A2 (TXA2), a potent
vasoconstrictor. Because aspirin reduces the risk of
platelet-mediated vascular thrombosis, it has been
widely used in an attempt to improve pregnancy out-
come for women with aPL and a history of recurrent
miscarriage and a variety of auto-immune conditions
[59–68]. Aspirin has also been prescribed with increas-
ing frequency before pregnancy in an attempt to
improve the success of in-vitro fertilization (IVF),
reduce the risk of miscarriage and improve the out-
come of pregnancy [61].

It is generally believed that women with APS who
use low-dose aspirin (LDA) have improved pregnancy
outcomes. There have been three randomized trials of
aspirin in combination with heparin for the treatment
of APS [59,60,62] but no trials that compare aspirin
alone with heparin alone. Furthermore, of the three
trials that have studied aspirin versus placebo or sup-
portive care, none has reported that aspirin confers a
significant benefit [29,58,63]. Even when the results
were combined in a meta-analysis, aspirin compared
with placebo or supportive care had no significant
effect on any of the outcomes of pregnancy (RR 1.05;
95% CI 0.66–1.68) [64]. It remains unclear as to
whether women with APS have improved pregnancy
outcomes with LDA therapy.

For women with unexplained recurrent early mis-
carriage, a large observational prospective study has
reported that aspirin taken from the time of a positive
pregnancy test does not improve the live-birth rate
(OR 1.24; 95% CI 0.93–1.67) [65]. Of interest, the
same study did report an improvement in the live-
birth rate for women with a history of unexplained
late miscarriage treated with LDA.

A population-based observational cohort study
has examined aspirin and non-steroidal anti-
inflammatory (NSAID) exposure in pregnancy and
the risk of sporadic miscarriage [66]. Aspirin users
were defined as those women who reported using
aspirin or preparations containing aspirin after their
last menstrual period. After adjustment for potential
confounders, NSAID use was associated with an 80%
increased risk of miscarriage. The association was
stronger if the initial NSAID use was around the
time of conception or if NSAID use lasted more than
a week. The use of aspirin in early pregnancy was
similarly associated with an increased risk of miscar-
riage. However, the data from this study should be
interpreted with caution, since the reason for taking
aspirin and the doses of aspirin taken were not known.
It is possible that the aspirin and NSAID users did so
because of cramping pain from an inevitable miscar-
riage or alternatively they may have had conditions
like systemic lupus erythematosus (SLE) and APS that
placed them at increased risk of miscarriage [61].

Pre-implantation aspirin therapy is a topical and
controversial issue. The use of aspirin and other
NSAIDs prior to conception has been associated
with a high miscarriage rate [66]. In mice,
Cyclooxygenase-2 ( COX-2) expression during the
phase of blastocyst attachment to the decidua is
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critical to implantation and since aspirin suppresses
COX-2 activity, it has the theoretical potential to
interfere with implantation [67]. On the other hand,
there are data that suggest that maintenance of preg-
nancy is dependent on a mechanism that suppresses
prostaglandin synthesis throughout gestation.
Aspirin, which suppresses COX-2, has the potential
to support this mechanism [61].

Aspirin crosses the placenta and although it has
not been linked to major congenital anomalies [68]
aspirin has been associated with an increased risk of
vascular disruptions, particularly gastroschisis [68,69].
Gastroschisis, which complicates approximately one
in 5000 births, is an open abdominal wall defect
thought to occur at 7 weeks’ gestation due to inad-
equate perfusion of the omphalomesenteric artery.
Both a case-controlled study [69] and a meta-analysis
of 22 studies published between 1971 and 2002 [68]
reported a two- to three-fold increased risk of fetal
gastroschisis in mothers taking aspirin during the
first trimester of pregnancy. The same meta-analysis
also found an increased risk of central nervous system
defects (OR 1.68, 95% CI 1.23–2.30) and cleft lip and
palate (OR 2.87, 95% CI 2.04–4.02) and there is a
potential risk that aspirin could lead to premature
closure of the ductus arteriosus [70].

Aspirin ingestion during pregnancy is not without
risk and can contribute to maternal and fetal bleeding.
Although LDA has been shown to reduce the risk of
venous thromboembolism by one third in post-
operative patients, in women at high risk for venus
thromboembolism during pregnancy, aspirin is not
considered sufficient thromboprophylaxis. Since
aspirin does not appear to confer benefit in terms of
pregnancy outcome in women without evidence of
prothrombotic disorders and may increase the risk
of miscarriage and fetal abnormality, the use of empir-
ical aspirin in the periconceptual period should be
strongly resisted.

Heparin and Antiphospholipid syndrome
Historically, heparin has been used as a thrombopro-
phylactic agent in the treatment of pregnant women
with APS and other thrombophilic defects. However,
it is now recognized that heparin and the structurally
related heparin sulphate (which is ubiquitously dis-
tributed on the surfaces of animal cells and in the
extracellular matrix) have several other biological
properties which are important at the feto–maternal
interface. It appears that heparin is capable of binding

to aPL and also of antagonizing the action of the Th-1
cytokine interferon gamma, thereby protecting the
trophoblast and maternal vascular endothelium from
damage in early pregnancy. Later in pregnancy, when
the inter-villous circulation has been established, the
anticoagulant properties of heparin are beneficial in
reducing the risk of placental fibrin deposition, throm-
bosis and infarction.

To date, there has been no large randomized con-
trolled trial (RCT) comparing heparin treatment with
placebo in pregnant women with APS. However there
have been several small trials that have compared
pregnancy outcome in women with APS treated with
aspirin and heparin. A recent Cochrane review of 13
studies involving 849 participants showed that unfrac-
tionated heparin combined with LDA reduces the
incidence of pregnancy loss by 54% (relative risk
(RR) 0.46, 95% CI 0.29–0.71) when compared with
LDA alone. This meta-analysis further suggested that
low molecular weight heparin (LMWH) also has a
beneficial effect, when compared with LDA alone
(RR 0.78, 95% CI 0.39–1.57). However, uncertainty
remains, since at present the published studies are
too small for this finding to have reached clinical
significance [64].

Two randomized trials have found that LDA and
unfractionated heparin improves the live-birth rate in
women with APS when compared with aspirin alone
[59,60]. In the trial performed by Rai et al. in 1997, 90
women were randomized at the time of a positive
urinary pregnancy test to receive either LDA or LDA
and heparin daily until the time of miscarriage or 34
weeks’ gestation [60]. The live-birth rate with LDA and
heparin was 71% compared with 42% with LDA alone
(OR 3.37, 95% CI 1.40–8.10). Most importantly, there
was no difference in live-birth rates between the two
treatment groups in those pregnancies which
advanced beyond 13 weeks. This implies that the bene-
ficial effect of adjuvant heparin therapy is conferred in
the first trimester of pregnancy, at a time when the
inter-villous circulation has not been fully established
and hence cannot be due to the anticoagulant actions
of heparin. It appears that the combination of aspirin
and heparin promotes successful embryonic implan-
tation in the early stages of pregnancy by protecting
the trophoblast from attack by aPL. Later in pregnancy
the combination therapy helps protect against subse-
quent thrombosis of the uteroplacental vasculature.

Combination therapy with aspirin and heparin
significantly reduces the severity of the defective
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endovascular trophoblastic invasion in women with
APS, allowing them to achieve a live birth. However
it is important to remember that a proportion of
pregnant women with aPL will remain at risk for late
pregnancy complications due to the underlying
uteroplacental vasculopathy. In a prospective series
of 150 treated women with APS, a high risk for pre-
term delivery, placental abruption, fetal growth
retardation and the development of pregnancy-
induced hypertension was found [19]. Once the
pregnancy advances beyond the first trimester, spe-
cialist antenatal surveillance is required. Uterine
artery Doppler ultrasonography at 22–24 weeks, fol-
lowed by serial fetal growth and Doppler scans dur-
ing the third trimester are useful tools with which to
predict pre-eclampsia and intrauterine growth
restriction in APS pregnancies. Women with a cir-
culating lupus anticoagulant or high titres of IgG
anticardiolipin antibodies are at particularly high
risk of these complications [71].

Two recent studies have challenged the view that
aspirin and heparin is the treatment of choice for preg-
nant women with APS, but both are methodologically
flawed. Farquharson et al. [62] reported that LDA alone
can be as effective as LMWH, but they included women
with low positive titres for anticardiolipin antibodies,
who were randomly assigned to treatment at a late stage
in the first trimester, when pregnancy outcome was
more likely to be successful. In addition, nearly 25% of
the study participants switched treatment groups. The
study by Laskin et al. [72] aimed to investigate whether
treatment with LMWH plus aspirin results in an
increased rate of live births compared with treatment
with aspirin alone, but the study group was highly
heterogeneous. The authors included women with two
ormore unexplained pregnancy losses prior to 32weeks’
gestation, accompanied by one ormore of the following:
positive aPL, positive antinuclear antibody (ANA) or an
inherited thrombophilic defect. A total of 88 women
were recruited to the study over a 4-year period, but
the RCTwas then stopped prematurely when an interim
analysis showed no difference in live-birth rates in the
two groups and a lower rate of pregnancy loss in the
aspirin group than expected. Whether heparin should
be denied to women with APS on the basis of the results
of these two recent studies given the flawed designs
mentioned above, is highly questionnable.

Heparin is well tolerated by pregnant women,
despite the inevitable side effect of localized bruising
at the injection sites. The optimal type and dose of

heparin to maximize benefit and minimize potential
side effects during pregnancy is uncertain. Higher
doses of unfractionated heparin do not appear to
reduce pregnancy morbidity when compared with
lower doses. Heparin-induced thrombocytopenia was
either not reported or did not occur [19,59,60] except
for in one study where it was described as mild in two
participants receiving LMWH [73]. Significant hem-
orrhage has not been reported to occur in mother or
neonate.

There has been no trial comparing the efficacy of
unfractionated heparin (UFH) and LMWH for treat-
ment of APS in pregnant women. However, in the
studies undertaken at St Mary’s London, we have
observed that UFH and LMWH preparations were
equally beneficial in the treatment of APS [19,60].
Although more expensive, LMWH offers the signifi-
cant practical advantage of a single daily subcutaneous
injection.

It is now possible to reassure patients and their
clinicians of the safety of prolonged low-dose heparin
during pregnancy. The possibility of osteoporosis
developing whilst receiving long-term therapy has
been a source of concern. Maternal fractures have
not been reported but they may have been missed.
One longitudinal study of bone mineral density
(BMD) measurements during pregnancy documented
a median decrease of 3.7% in the lumbar spine in one
study using UFH which is similar to that which occurs
physiologically during pregnancy [74]. No change was
noted in a further study which used LMWH [73]
and in a multicenter multinational randomized trial
designed to compare the effect of LMWH prophylaxis
on pregnancy outcomes in thrombophilic pregnant
women, the use of long-term prophylactic LMWH in
pregnancy was not associated with a significant
decrease in bone mineral density [75].

There may be clinical differences between unfrac-
tionated and low molecular weight heparin agents
when used prophylactically for the management of
thrombophilia associated with pregnancy, for exam-
ple, in their ability to bind to thrombin and other
proteins. However, clinical trials show them to be at
least of equivalence as antithrombotic agents in non-
pregnant women [76].

In summary, a combination of aspirin and heparin
therapy for pregnant women with APS reduces preg-
nancy loss by 54%. This means that APS is currently
the most important treatable cause of recurrent
miscarriage.
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Intravenous immunoglobulin and Antiphospholipid
syndrome
Intravenous immunoglobulin (IvIg) is a fractionated
blood product made from pooled human plasma and
is a non-specific immunosuppressant. It has been used
to treat a number of medical disorders associated with
an autoimmune etiology. It has been reported to sup-
press and neutralize auto antibodies, reduce natural
killer cell activity, modify cytokine production, inhibit
complement binding and both activate and inhibit
super antigens [77]. The US Food and Drug
Administration has approved the use of IvIg for auto-
immune thrombocytopenia, but has declared that
recurrent miscarriage, antiphospholipid antibody syn-
drome and repeated unexplained IVF failure to be
invalid indications.

Given the widespread unlicensed use of IvIg in
recent years, its high cost, short supply and extensive
side-effect profile (which includes anaphylaxis, fever,
muscle pains, nausea and headache [78]) the publica-
tion of a systematic review in 2007 [79] was particularly
welcomed. Their review concluded that IvIg is not an
effective therapy for women with primary recurrent
miscarriage but that further randomized trials for
women with secondary idiopathic miscarriage may be
warranted [79]. A subsequent randomized double-
blinded, placebo-controlled study reported that IvIg
treatment offers no benefit over placebo in improving
the ongoing pregnancy rates of women with secondary
unexplained recurrent miscarriage [80].

One study that enrolled a total of 42 women with
recurrent miscarriage associated with aPL showed that
combination therapy with LDA and heparin is a super-
ior treatment to IvIg [73]. Monitoring of pregnancy
outcomes following treatment indicated that women
receiving combination therapy with LDA and heparin
achieved an improved rate of live births (16/19= 84%)
relative to the IvIg group (12/21= 57%) (OR 0.25, 95%
CI 0.05–1.13). The IvIg group suffered more fetal losses
during the first trimester of pregnancy (6/21 = 28.6%)
than the comparison group (2/19= 10.5%) and the risk
of premature delivery was also increased two-fold.
Mean birth weights were found to be comparable
between groups.

There was no reduction in pregnancy loss in any of
the IvIg studies included in this analysis, however one
of the studies had no pregnancy loss in either the
treatment or the control group [81]. This was a small
study (n = 16) and all participants received heparin
and aspirin in addition to the study/control medication.

This study demonstrated a significant increase in pre-
mature delivery in the IvIg group (RR 3.00, 95% CI
1.19–7.56). In contrast, the outcome of pregnancy after
IvIg did not significantly differ from outcome following
prednisone and aspirin therapy [57]. In conclusion, IvIg
treatment for aPL-associated pregnancy loss has no
evidence base and should only be performed in the
context of a randomized trial.

Antiphospholipid syndrome and recurrent
implantation failure
Whether thrombophilic disorders are causally linked
to subfertility and recurrent implantation failure fol-
lowing IVF treatment is a topical and highly contro-
versial issue. Since defective implantation during the
early weeks of pregnancy is one of the underlying
mechanisms accounting for the high pregnancy loss
rate in women with aPL, it has been suggested that
primary implantation may be adversely affected in
women who are aPL positive.

The prevalence of aPL antibodies (both the lupus
anticoagulant and anticardiolipin antibodies) is
increased among women with infertility and implant-
ation failure [82]. Both a prospective observational
study [83] and a recently published meta-analysis
[84] concluded that overall, the presence of aPL do
not have an adverse effect on the outcome of IVF
treatment cycles, as estimated by clinical pregnancy
rate in seven studies (OR 0.99, 95% CI 0.64–1.53) or by
live-birth rate in five studies (OR 1.07, 95% CI 0.66–
1.75) [84]. Hence, universal screening of IVF patients
for aPL cannot be justified on the basis of current
evidence.

Hyperhomocysteinemia
Hyperhomocysteinemia – which may be inherited or
acquired – is a condition associated with deep venous
thrombosis, placental vascular thrombosis (in particu-
lar pre-eclampsia and placental abruption), stillbirth,
neural tube defects and recurrent pregnancy loss [85].
The inherited form results from the C to T substitu-
tion at nucleotide position 677 in the methylene tetra-
hydrofolate reductase (MTHFR) gene that converts an
alanine to a valine residue [12]. Individuals that are
homozygous for the mutation have significantly ele-
vated plasma homocysteine levels and are prone to the
early development of arteriosclerosis. Some 40% of
Whites carry the mutation as a heterozygote and
although they have an increased lifetime risk of venous
and arterial thrombosis, a meta-analysis of multiple
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thrombophilic factors and their impact on fetal loss,
has concluded there is little evidence that the mutation
has significant adverse reproductive sequelae [16].

A variety of environmental conditions may lead to
hyperhomocysteinemia including a reduced intake of
folate, vitamin B12 or vitamin B6, excessive smoking
and coffee consumption and certain medical condi-
tions such as renal impairment and hypothyroidism. A
meta-analysis of ten studies concluded that acquired
hyperhomocystinemia is a risk factor for recurrent
miscarriage [86]. The calculated risks attributable to
elevated fasting and after load total plasma homocys-
tinemia were 8.4% (95% CI 4.0–12.7) and 11.5% (95%
CI 6.95–16.2) respectively.

A variety of pathophysiological mechanisms for
hyperhomocysteinemia have been suggested. Inhibition
of protein C activation or reduced antithrombin activity
could be responsible for increasing the reported risk
of venous thrombosis and theoretically the risk of pla-
cental pathology leading to pregnancy loss. Endothelial
dysfunction or apoptosis mediated by impaired nitric
oxide bioavailability, alteration of platelet reactivity,
smooth muscle proliferation and disruption of prostacy-
clin pathway are the possible mechanisms described
by the Homocysteine Lowering Trial Collaboration [87].

Plasma homocysteine levels are significantly lower
in all trimesters of pregnancy compared with non-
pregnant control values, with the lowest values found
in the second trimester [88]. High-dose folic acid 5mg
daily and vitamin B12 at a dose of 0.5mg per day
reduce plasma homocysteine levels by 25% and 7%
respectively [89].There has been no RCT in recurrent
miscarriage women with hyperhomocysteinemia,
looking at the effect of variable doses of folic acid on
future pregnancy outcome.

Acquired protein C resistance
Protein C is a key component in the anticoagulant
pathway. When activated, protein C inhibits the
actions of coagulation factors V and VIII.
Resistance to the anticoagulant properties of acti-
vated protein C (APC resistance) was first reported
in 1993 [90]. It was later demonstrated that APC
resistance may either be inherited or acquired.
Inherited APC resistance is mainly due to a single
point mutation (G→A) at nucleotide position 1691
in the factor V gene. This results in a mutated form
of factor V, which is resistant to inactivation by APC
and known as factor V Leiden [91]. This mutation is
common, being present in 5% (1 in 20) Whites and

leads to increased thrombin generation and a hyper-
coagulable state.

Acquired APC resistance is a recognized risk factor
for systemic venous thrombosis and is associated with
lupus anticoagulant, high concentrations of coagula-
tion factor VIII [92], pregnancy and the combined oral
contraceptive pill. The prevalence of factor V Leiden
and acquired APC resistance among women with
recurrent miscarriage has been variably reported to
be either similar to or increased compared with parous
controls [93]. This uncertainty reflects the fact that
most studies have included small numbers of
women, have been prone to selection bias and have
not differentiated between women with a history of
recurrent miscarriage and those with late pregnancy
complications.

A large observational study including more than
1000 consecutive non-pregnant women attending a
specialist recurrent miscarriage clinic has demonstra-
ted that acquired APC resistance is significantly
more common among women with recurrent early
miscarriage (80/904; 8.8%: P= 0.02) and those with a
previous late miscarriage (18/207; 8.7%: P= 0.04)
compared with parous controls (17/150; 3.3%) [93].
Furthermore, the women with acquired APC resist-
ance were significantly less likely to have had a pre-
vious live birth (P < 0.01) compared with those with a
normal APC ratio. In contrast, the frequency of
inherited APC resistance due to the factor V Leiden
allele, among women with a history of early and late
miscarriage was similar to that amongst appropriately
matched parous controls [90]. Of note is that in a
previous much smaller study, in which APC resistance
was assessed among women with recurrent miscar-
riage but no differentiation was made between con-
genital and acquired causes, the same researchers
reported that the frequency of APC resistance was
similar among women with early miscarriage com-
pared with controls [39]. This omission emphasizes
the importance of discriminating between the
inherited and acquired forms of APC resistance.

These data suggest that acquired APC resistance
contributes to the burden of recurrent pregnancy
loss, the mechanism of which is likely to be thrombosis
of the placental vasculature. Since a degree of APC
resistance develops during normal pregnancy [94],
it is possible that among women who are APC resist-
ant prior to pregnancy that this effect is amplified
when they become pregnant again. This theory has
prompted the use of thromboprophylactic treatment
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regimens for women with recurrent miscarriage and
APC resistance (both the inherited and acquired
forms) during the next pregnancy, in order to improve
the live-birth rate and protect the mother from the risk
of venous thrombosis during the pregnancy and puer-
perium. Although it has not been possible to conduct a
randomized controlled therapeutic trial to assess the
potential benefits of low-dose heparin therapy during
pregnancy in these women, current clinical practice
favors the use of thromboprophylaxis from early in the
first trimester until 6–12 weeks postpartum.

Global markers of prothrombotic
disorders
Several studies have suggested that some women with
recurrent pregnancy loss exhibit prothrombotic fea-
tures in the non-pregnant state. Vincent et al. [95]
measured the levels of thrombin-antithrombin
(TAT) complexes, a global marker of thrombin gen-
eration, in 86 non-pregnant women with recurrent
miscarriage and a control group of 34 age-matched,
parous women with no previous history of pregnancy
loss. The TAT levels were significantly higher among
the recurrent miscarriage women compared with the
control group. This relationship was independent of
the gestation of previous miscarriages – women with
both first- and second-trimester fetal losses were
found to have significantly higher levels of TAT com-
plexes. Further, the TAT levels were unaffected by the
women’s aPL status. These observations suggest that a
subgroup ofwomenwith RM, irrespective of aPL status,
are in a prothrombotic state that is detectable even in
the non-pregnant state. Potentially, this is an important
group of women to identify since the further hyper-
coagulable state of pregnancy may be the “hit” that
places them at risk of fetal loss due to thrombosis
of the uteroplacental vasculature, and/or a maternal
thrombotic event. It may also confer an increased risk
of ischemic heart disease and stroke in later life [96].

Using different markers of thrombin generation, it
has also been reported that women with recurrent
miscarriage are in a chronic state of endothelial stimu-
lation associated with activation of the coagulation
system [97]. Furthermore, elevated levels of circulating
procoagulant microparticles have been described in
the peripheral circulation of women with both early
and late unexplained miscarriages [98]. It has been
proposed that, in addition to their direct effect on the
coagulant cascade, these microparticles may also exert

a proinflammatory and/or proapoptotic action which
disturbs successful implantation and subsequent fetal
growth.

Despite the improved understanding that a variety
of thrombophilic and prothrombotic disorders make
an important contribution to the problem of preg-
nancy loss, a consensus view has not been reached as
to which investigations should be performed in these
patients. We need to determine how best to screen
women with a history of pregnancy loss for hemostatic
abnormalities that (a) are predictive of poor future
pregnancy outcome and (b) are amenable to treat-
ment. Conventional tests for acquired and inherited
coagulation defects are expensive, time consuming
and take no account of the fact that hemostasis
in vivo is a dynamic process which involves the inter-
action of coagulation and fibrinolytic pathways
together with cellular elements such as endothelial
cell surfaces. Hence, the measurement of individual
coagulation factors is of limited use in establishing a
woman’s thrombophilic risk, particularly during
pregnancy.

The potential of thromboelastography as a clinical
tool to overcome many of the above limitations in
hemostasis testing in our recurrent pregnancy-loss
population is promising. The thromboelastogram
(TEG) is a cheap, effective and reproducible method
of assessing the kinetics, strength and stability of whole
blood coagulation [99,100]. It is a highly sensitive
global test for hemostatic defects and measures the
visco-elastic properties of blood as it is induced to
clot under a low shear environment resembling slug-
gish venous flow. The TEG print-out (a pictorial enve-
lope; see Figure 13.1) provides measurements for the
different stages of clot formation from the initial
platelet–fibrin interaction, through platelet aggrega-
tion, clot strengthening and fibrin cross-linkage to
clot lysis. Thromboelastogram parameters are abnor-
mal in patients with established thrombophilic defects,
such as antithrombin deficiency, as well as in a pro-
portion of patients with unexplained recurrent sys-
temic thrombosis [101].

Our recent studies have shown that TEG is a useful
tool with which to identify a prothrombotic state in
women with a history of previously unexplained
recurrent miscarriage. The maximum clot amplitude
(MA) was significantly greater among recurrent mis-
carriage women compared with normal parous con-
trols. Furthermore, increases in the MA were more
marked in women with a history of late miscarriage
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compared with women with a history of only early
pregnancy losses. None of the women in these studies
smoked, was taking the oral contraceptive pill or had a
history of thromboembolic disease [102].

The MA is a reflection of the absolute strength of
the fibrin clot formed and hence is a dynamic test of
fibrin and platelet function. Some 30% of non-
pregnant RM women have an MA that is more than
two standard deviations above the mean of a control
parous population, adding further weight to our
hypothesis that a significant proportion of RM
women are in a prothrombotic state outside of
pregnancy. Furthermore, the pre-pregnancy MA was
predictive of future pregnancy outcome, being signifi-
cantly higher amongst those RM women whose next
pregnancy ended in a further miscarriage as opposed
to a live birth [102]. Once pregnancy is confirmed,
serial TEG testing during the first trimester can iden-
tify increases in the MA that precede the clinical evi-
dence of impending miscarriage by several weeks. Our
initial studies suggest that variable doses of aspirin can
normalize the raised MA levels in early pregnancy and
improve the live-birth rate (Regan & Rai unpublished
data).

The great advantage of TEG testing compared
with conventional coagulation assays is that it provides
information about the interaction of platelets with the
protein coagulation cascade. Hence, a complete evalu-
ation of the process of clot initiation, formation, stabil-
ity and lysis is obtained. Most importantly, it reliably
identifies hypercoaguability that would only be detect-
able in conventional hemostasis assays when the
platelet count or fibrinogen levels are markedly raised.
In summary, a subgroup of recurrent miscarriage
women are in a thrombophilic state outside pregnancy
which predisposes them to future pregnancy loss.

Serial thromboelastography during pregnancy allows
the detection of the developing hypercoaguability
prior to pregnancy loss, which may prove to be ame-
nable to correction with thromboprophylaxis.

Future pregnancy management in
recurrent miscarriage patients with
thrombophilia
Couples with recurrent miscarriage are understandably
anxious and need support and reassurance throughout
the first trimester of pregnancy. Ultrasound is valuable
in the management of early pregnancy to confirm via-
bility, and after fetal heart activity has been detected, to
provide ongoing maternal reassurance. Using transva-
ginal ultrasound, an intrauterine gestation sac will be
visible at 5 weeks, a yolk sac at approximately 5.5 weeks
and fetal heart activity at 6 weeks. Thereafter, a scan to
check fetal heart activity may be obtained every week or
every 2 weeks, until the end of the first trimester. The
demonstration of normal sequential fetal growth and
activity is very reassuring for many couples.

Women with APS should be offered a combination
of aspirin and heparin treatment during the preg-
nancy. Low-dose aspirin (75mg/day) should be com-
menced as soon as the patient has a positive urinary
pregnancy test result. Daily subcutaneous injection of
low molecular weight heparin (enoxaparin [Clexane]
[Lovenox] 20mg or dalteparin [Fragmin] 2500 unit)
or twice-daily injections of unfractionated heparin
([Calciparine] 5000 IU) should be started as soon as
an intrauterine gestational sac is confirmed by ultra-
sound scan. Some clinicians prefer to commence the
heparin therapy as soon as the pregnancy test is posi-
tive. Although UFH is equally beneficial, LMWH
offers the advantage of a once-daily injection due to
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its longer half-life and increased bioavailability. A
platelet count should be done at the start of treatment
and repeated 2 weeks later to exclude the rare compli-
cation of heparin-induced thrombocytopenia.

Despite significant improvement in live-birth
rates, pregnant women who have APS and are treated
with aspirin plus heparin until 34 completed weeks of
gestation remain at risk for later pregnancy complica-
tions, including pre-eclampsia, intrauterine growth
restriction, placental abruption and pre-term delivery
[19]. Some clinicians prefer to continue treatment
until the time of delivery in the belief that this reduces
the risk of these late pregnancy complications, but
there is no hard evidence to support this view.
Indeed, the RCT by Rai et al. [60] emphasized that
the main benefit of combination therapy with aspirin
and heparin is to improve the quality and depth of
embryonic implantation during the first trimester
of pregnancy. After 13 weeks of gestation the number
of pregnancies ending in live births did not differ
significantly by treatment group [60].

Uterine artery Doppler ultrasonography at 22–24
weeks may be useful in predicting pre-eclampsia and
intrauterine growth restriction in pregnancies compli-
cated by APS and other thrombophilias. Women with
circulating lupus anticoagulant or high titres of IgG
anticardiolipin antibodies are at increased risk for
these complications and sequential growth scans and
Doppler studies during the third trimester should be
undertaken [71]. Many women with a history of recur-
rent miscarriage will become anxious towards the end
of the pregnancy and request early delivery either by
induction of labor or elective cesarean section. For
those women being treated with aspirin and or heparin
it is important to plan regional anesthesia to minimize
the risk of epidural hematoma. Current guidelines
recommend that regional techniques should not be
used until at least 12 hours after the previous prophy-
lactic dose of LMWH and 6 hours after a dose of UFH.
Heparin should not be given for at least 4 hours after
the epidural catheter is removed. There are no pro-
spective data on the risk of systemic thrombosis to
determine the optimal management of asymptomatic
women with inherited thrombophilia. Current Royal
College of Obstetricians and Gynaecologists guide-
lines based on expert opinion recommend that post-
natal thromboprophylaxis is indicated for women
with known inherited thrombophilias (e.g. factor V
Leiden and prothrombin gene mutations), but indi-
vidual assessment will be guided by the type of

thrombophilia and the presence of other thrombotic
risk factors. Similarly, in women with APS and
no symptoms other than recurrent miscarriage,
there is no evidence to justify routine postnatal
thromboprophylaxis.

Unexplained recurrent miscarriage
and the role of supportive care
A significant proportion of cases of recurrent miscar-
riage remain unexplained, despite detailed investiga-
tion. These women can be reassured that the prognosis
for a future successful pregnancy outcome with sup-
portive care alone is in the region of 70% although the
prognosis worsens with increasing maternal age and
number of miscarriages (range 50–89%) [65,103–105].
The value of psychological support in improving preg-
nancy outcome has not been tested in an RCT.
However, data from several non-randomized studies
[103,104,106] have suggested that attendance at a dedi-
cated early pregnancy clinic has a beneficial effect,
although the underlying mechanism is unclear.

The success of thromboprophylactic treatment for
women with recurrent miscarriage associated with APS
has resulted in women with unexplained recurrent mis-
carriage frequently demanding similar treatment. Some
clinicians have extrapolated the beneficial effect of
aspirin and heparin therapy in women with APS to all
women with recurrent miscarriage. A recently pub-
lished Cochrane review [107] has explained the paucity
of published intervention trials of anticoagulant agents
in women with recurrent miscarriage without APS. The
authors identified a total of 20 studies in their literature
search, but only two randomized controlled studies
could be included in their systematic review. Neither
the study comparing LDA and placebo [63] nor the one
comparing enoxaparin with aspirin [108] showed
improvement in pregnancy outcome. However, this
may be due to the fact that women with two losses
were included in the study. Nonetheless, at the present
time the use of LDA and heparin to prevent miscarriage
in women with two or more unexplained miscarriages
cannot be recommended. Prospective randomized
placebo-controlled studies of sufficient magnitude are
needed to establish the efficacy of this treatment inter-
vention for women with unexplained recurrent miscar-
riage of unknown cause [109]. The results of the
Scottish Pregnancy Intervention Study (SPIN) and
thrombophilia in pregnancy prophylaxis study
(TIPPS) are eagerly awaited.
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Conclusion
Recurrent miscarriage is a distressing condition that
affects at least 1% of couples trying to achieve a suc-
cessful pregnancy. The hypothesis that some cases of
recurrent miscarriage are due to a defective or exag-
gerated hemostatic response to pregnancy is now sup-
ported by a substantial body of evidence. This has led
to the introduction of new treatment options that have
made a significant contribution to improving preg-
nancy outcomes.

Primary Antiphospholipid syndrome is an acquired
thrombophilia and is found in 15% of women with
recurrent miscarriage. In subsequent untreated preg-
nancies the miscarriage rate may be as high as 90%.
Although recent studies have queried the need for hep-
arin in addition to aspirin therapy, a Cochrane meta-
analysis has shown that a combination of heparin and
aspirin improves pregnancy outcome by 54%, to achieve
a live-birth rate of over 70% in women with the syn-
drome. This means that APS is currently the most
important treatable cause of recurrent pregnancy loss.

The prevalence of thrombophilic defects among
the general population is high and the presence of a
detectable defect does not necessarily preclude an
uncomplicated pregnancy and term delivery.
Nonetheless, recent reports have highlighted the fact
that the presence of multiple prothrombotic risk fac-
tors are associated with poorer pregnancy outcome. In
conclusion it appears that there is a complex interac-
tion between the currently recognized acquired and
inherited prothrombotic disorders that determine the
reproductive risk. The challenge for the researchers in
this field is the development of both global and specific
assessments of hemostatic abnormality that may better
predict those women who are at high risk of miscar-
riage and late pregnancy complications, in order that
treatment can be more effectively targeted.
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Chapter

14 Inherited thrombophilia and early
pregnancy
Saskia Middeldorp

Thrombophilia
The term thrombophilia is most often used to describe
a laboratory phenomenon that is associated with an
increased tendency to venous thromboembolism,
either acquired or inherited [1].

The most clearly established acquired thrombo-
philia is the antiphospholipid syndrome. This is a
non-inflammatory auto-immune disease character-
ized by thrombosis or pregnancy complications in
the presence of antiphospholipid antibodies [2].
In this chapter, primary antiphospholipid syndrome
is considered, i.e. in the absence of systemic lupus
erythematodes. Antiphospholipid antibodies are a
wide and heterogeneous group of immunoglobulins
that include, among others, lupus anticoagulants and
anticardiolipin antibodies. Antiphospholipid antibod-
ies recognize plasma proteins bound to suitable
anionic surfaces. Preliminary criteria for the diagnosis
of definite antiphospholipid syndrome were formu-
lated at an international consensus meeting in 1999
and updated in 2005 [3,4]. Clinical criteria include
having one or more clinical episodes of thrombosis,
one or more unexplained fetal deaths (later than
10 weeks of gestation), or having three or more unex-
plained consecutive miscarriages (before 10 weeks of
gestation). Laboratory criteria include lupus anticoa-
gulant present in plasma, or medium or high titers of
anticardiolipin antibody of IgG or IgM isotype in
serum or plasma, or anti-β2 glycoprotein-I antibody
of IgG or IgM in serum or plasma. Antiphospholipid
syndrome is diagnosed if at least one of the clinical
criteria and one of the laboratory criteria are met.
To prevent the detection of transiently present anti-
phospholipid antibodies, laboratory tests should be
performed twice, 12 weeks apart, and should be pos-
itive on both occasions. Since the clinical criteria as
described above are prevalent in the general

population, the diagnosis of antiphospholipid syn-
drome is largely based on laboratory tests. The preva-
lence of persistent lupus anticoagulant or antibodies
against phospholipid in the general population is
not well known. Although some population-based
studies have estimated the prevalence of one or more
positive tests, in most studies these were only assessed
once [5–8].

Well-established hereditary thrombophilias can be
categorized into abnormalities of the natural antico-
agulant system and elevation of plasma levels of acti-
vated coagulation factors. In Figure 14.1, the current,
highly simplified insight into the regulation of the
coagulation system is depicted. Coagulation is initi-
ated by a tissue factor (TF)-activated factor VII
(FVIIa) complex that can activate factor IX or factor
X. At high tissue factor concentrations, factor X is
activated primarily by the TF–FVIIa complex, whereas
at low tissue factor concentrations the contribution of
the factor IXa–factor VIIIa complex to the activation
of factor X becomes more pronounced. Coagulation is
maintained through the activation of factor XI by
thrombin. The coagulation system is regulated by the
protein C pathway. Thrombin activates protein C.
With protein S as a cofactor, activated protein C
(APC) inactivates factors Va and VIIIa, which results
in a downregulation of thrombin generation and con-
sequently in an upregulation of the fibrinolytic system.
Antithrombin is the other important natural antico-
agulant that inhibits not only thrombin but also factor
Xa and other coagulation factors by forming irrever-
sible complexes.

Most laboratories include in their work-up
of acquired thrombophilia tests that detect lupus
anticoagulant and anticardiolipin antibodies of the
IgG and IgM type; less routinely, levels of anti-β2
glycoprotein-I antibody of IgG and IgM type aremeas-
ured. For inherited thrombophilia, the panel usually
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consists of plasma activity levels of antithrombin, pro-
tein C and protein S, factor V Leiden, and the pro-
thrombin 20210A mutation; less common are factor
VIII activity and homocysteine. Deficiencies of the
natural anticoagulants antithrombin, protein C, or
protein S are relatively strong risk factors for venous
thromboembolism, but are rare, whereas the gain of
function mutations factor V Leiden (that causes resist-
ance of factor Va inactivation by activated protein C,
APC resistance) and prothrombin 20210A are less
strong but more prevalent. Mild hyperhomocysteine-
mia is associated with both venous thromboembolism
and atherosclerosis and often occurs within families.
However, there is no association between venous
thromboembolism and specific mutations that cause
hyperhomocysteinemia, and interventions to lower
homocysteine levels do not have clinical benefit
[9–11]. This suggests that hyperhomocysteinemia
may be a marker rather than a risk factor for venous
and arterial disease. Persistently elevated levels of
coagulation factor VIII are also associated with an
increased risk of venous thromboembolism and also
occur within families. Although the cause of the ele-
vation in factor VIII is unclear, it appears that factor
VIII levels are, in part, determined genetically.

The risk of venous thromboembolism
in pregnancy
Normal pregnancy leads to extensive changes in
hemostasis, increasing the procoagulant side of the
coagulation balance. These changes in pregnancy are
thought to be part of a complex physiological adapta-
tion, which ensures control of bleeding from the pla-
cental site at the time of placental separation, while

allowing the expansion of the maternal and fetal
circulations at the uteroplacental interface during
pregnancy [12]. These adaptations are the likely
explanation for the increased risk of venous throm-
boembolism during pregnancy. Approximately two-
thirds of all pregnancy-related venous thromboembo-
lisms occur during pregnancy, and about one-third in
the puerperium. Although the risk increases with ges-
tational age, 22% of thrombotic episodes occur during
the first trimester of pregnancy, followed by 34% and
44% during the second and third trimester [13].

Women with thrombophilia have an increased
baseline risk of venous thromboembolism. For
women who are diagnosed to have antiphospholipid
syndrome based on complications in pregnancy, the
risk of venous thromboembolism in a subsequent
pregnancy is not well known. The few studies that
have been published show a low risk, but these esti-
mates are obtained in women who often have received
various heparin regimens to prevent other pregnancy
complications [14,15]. A cohort study amongst women
with recurrent miscarriage did not show a significantly
different risk for venous thrombotic events between
women with antiphospholipid syndrome (4/1000
women–years) and women in whom the miscarriages
were unexplained (1/1000 women–years) [14].

For women who were tested for inherited throm-
bophilia in the context of a family history of venous
thromboembolism, risk estimates of venous throm-
boembolism overall, as well as during transient risk
factors have been obtained in family studies. The over-
all risks, as well as the risk per pregnancy and per year
of oral contraceptive use are listed in Table 14.1. It
should be noted that the setting of testing matters,
since it is assumed that in these families concomitant,

TF-VIIa

IXa + VIIIa

XIa

Xa + Va Thrombin/IIa Fibrin

AT

APC + PS

Figure 14.1 Regulation of blood coagulation. Coagulation is
initiated by a tissue factor (TF)–factor VIIa complex that can
activate factor IX or factor X. At high tissue factor concentrations,
factor X is activated primarily by the TF–VIIa complex, whereas
at low tissue factor concentrations the contribution of the factor
IXa–factor VIIIa complex to the activation of factor X becomes
more pronounced. Coagulation is maintained through the
activation by thrombin of factor XI. The coagulation system is
regulated by the protein C pathway. Thrombin activates protein C.
Together with protein S, activated protein C (APC) is capable of
inactivating factors Va and VIIIa, which results in a down-regulation
of thrombin generation and consequently in an up-regulation of
the fibrinolytic system. The activity of thrombin is controlled by the
inhibitor antithrombin. The solid arrows indicate activation and
the broken arrows inhibition.
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but ye t unknown , inherit ed thromboph ilias a re
present. Thus, the risk is likely to be lower if women
have been tested for other reasons, most notably for
pregnancy failure.

Association between thrombophilia
and pregnancy failure
In antiphospholipid syndrome, lupus anticoagulant
is more strongly related to venous thrombosis and
pregnancy complications than antibodies against
phospholipids [16,17]. For recurrent pregnancy loss,
the importance of anti-β2 glycoprotein-I antibodies is
not clearly established [17]. The association between
inherited thrombophilic disorders and miscarriage
was first observed in women from families with venous
thrombosis [18–20]. In these cohort studies, probands
were identified because of venous thromboembolism
and a specific inherited thrombophilic disorder.
A detailed history of previous pregnancies and mis-
carriages was taken in all women. Relatives were also
investigated, and a standardized history was taken
before the thrombophilia status was determined. It

was found that the risk of pregnancy loss was higher
in carriers as compared to non-carriers. Since then, the
association with both single and recurrent pregnancy
loss has been confirmed in many studies, mostly with a
case-control design [21,22].

The concept that recurrent miscarriage is a multi-
causal disease is well established. Structural chromo-
somal abnormalities in the parents, antiphospholipid
antibody syndrome of the woman, random numerical
fetal chromosomal abnormalities, infectious, endo-
crine and immunological factors, as well as uterine
anomalies are considered to play a role in the etiology
of recurrent miscarriage [23]. In approximately half of
the patients, recurrent miscarriage remains unex-
plained. It is difficult to estimate the prevalence of
thrombophilia in women with recurrent miscarriage,
since there is poor standardization of tests of anti-
bodies against phospholipid, and the prevalence of
inherited thrombophilia varies between populations.
Furthermore, in published studies, patients have been
selected based on different criteria.

A single late fetal loss and severe preeclampsia
are also associated with inherited thrombophilia,

Table 14.1 Incidences of first venous thromboembolism during pregnancy and oral contraceptive use in women with thrombophilia, as
opposed to overall incidences in men and women.

Antiphospholipid
syndrome
diagnosed, based
on pregnancy
morbidity

Antithrombin,
protein C or
protein S
deficiency

Factor V
Leiden

Prothrombin
20210A

Elevated
FVIII:c
levels

Mild
hyperhomo-
cysteinemia

Pregnancy
(%/pregnancy,
95%CI)

4.1 (1.7–8.3) [69]
1.2 (0.3–4.2)

2.1 (0.7–4.9)
[69,70]

2.3 (0.8–5.3) [71]
0.5 (0.1–2.6)

1.3 (0.4–3.4)
[7 2]
0.3 (0.1–1.8)

0.5 (0.0–2.6) [73]
0.0 (0.0–1.8)

• during
pregnancy
• during
puerperium

0.0 (0.0–3.4) [15]

1.1 (0.6–5.5) [15]

3.0 (1.3–6.7) 0.4 (0.1–2.4)

1.7 (0.7–4.3)

1.9 (0.7–4.7) 1.0
(0.3–2.9)

0.5 (0.0–2.6)

Oral
contraceptive
use (%/year
of use)

unknown 4.3 (1.4–9.7) [69] 0.5 (0.1–1.4)
[69,70]

0.2 (0.0–0.9) [71] 0.6
(0.2–1.5)
[70]

0.1 (0.0–0.7) [73]

Overall
(%/year)

0.4 (0.1–1.0) [14] 1.5 (0.7–2.8) [74] 0.5 (0.1–1.3)
[69,75]

0.4 (0.1–1.1) [76] 1.3
(0.5–2.7)
[72]

0.2 (0.1–0.3) [73]

Notes: The risk estimates for women with antiphospholipid syndrome are for women without history of venous thromboembolism, and
are obtained with various antithrombotic approaches including heparin prophylaxis.

The risk estimates for inherited thrombophilia were obtained in women with a family history of venous thromboembolism, defined as
at least one first degree symptomatic relative in studies of factor V Leiden, prothrombin 20210A, elevated levels of FVIIIa and
hyperhomocysteinemia; at least one first- or second-degree relative in studies of antithrombin, protein C, or protein S deficiency.
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[21,22,24], whereas an association is controversial in
women with intra-uterine growth restriction and pla-
cental abruption [22,25].

Table 14.2 lists the strengths of the associations
among various forms of pregnancy loss. The associa-
tion between recurrent miscarriage and the presence
of lupus anticoagulant and anticardiolipin antibodies
was investigated in a meta-analysis and showed

homogeneous results among the 25 included case-
control studies, despite varying definitions of recur-
rent pregnancy loss, assays, and cut-off values used
[17]. For inherited thrombophilia, the association
tends to be stronger in the more "severe" forms of
pregnancy loss, i.e. recurrent, or late losses. It should
be noted that significant heterogeneity between studies
was found in the two meta-analyses [21,22]. Also, it is

Table 14.2 Assocation between various forms of thrombophilia and several forms of pregnancy failure

Thrombophilia defect Sporadic
miscarriage
OR (95% CI)

Recurrent
miscarriage*

OR (95% CI)

Intra-uterine fetal
death*

OR (95% CI)

1a. Family studies

Antithrombin, protein C, or protein S deficiency 2.0 (1.2–3.3) [18]
1.3 (0.9–1.7) [19]

2.6 (0.8–8.0) [18] 3.6 (0.5–7.7) [19]

Factor V Leiden mutation 1.0 (0.6–1.7) [19]
2.0 (1.1–3.8) [20]

2.6 (1.0–7.0) [20] 1.4 (0.5–4.0) [20]

Prothrombin 20210A mutation 1.3 (0.7–2.6) [71] 0.9 (0.3–3.3) [71] –

Homozygous defects or combinations of defects 0.8 (0.2–3.6)§ [19]
2.9 (1.5–5.8)# [20]

– 14.3 (2.4–86)§ [19]
6.4 (1.0–39)# [20]

Mild hyperhomocysteinemia 0.8 (0.5–1.5) [77] 1.1 (0.2–6.2) [77] –

Elevated FVIII:c levels 1.2 (0.7–1.9) [77] 1.1 (0.4–3.1) [77] –

1b. Case-control studies

Antiphospholipid syndrome, lupus anticoagulant – 7.8 (2.3–26.5) [17] 1.4 (0.72–0.80) [78]†

Antiphospholipid syndrome, anticardiolipin
antibodies

– IgG 3.6 (2.3–5.7) [17]
IgM 5.6 (1.3–25.0) [17]

Antiphospholipid syndrome, anti-β2 glycoprotein-I
antibodies

– 2.1 (0.7–6.5) [17]

Antithrombin deficiency 1.5 (1.0–2.5) [21] 0.9 (0.2–4.5) [21] 7.6 (0.3–196)(22)

Protein C deficiency 1.4 (1.0–2.1) [21] 1.6 (0.2–10.5) [21] 3.1 (0.2–38.5) [22]

Protein S deficiency Heterogeneous data
[21]

14.7 (1.0–218.0) [21] 7.4 (1.3–42.8) [21]
20.1 (3.7–109.2) [22]

Factor V Leiden mutation 1.7 (1.2–2.5) [21]
1.7 (1.1–2.6) [22]

2.0 (1.1–3.6) [21]
1.9 (1.0–3.6) [22]

3.3 (1.8–5.8) [21]
2.1 (1.1–3.9) [22]

Prothrombin 20210A mutation 2.1 (1.2–3.5) [21]
2.5 (1.2–5.0) [22]

2.3 (1.1–4.8) [21]
2.7 (1.4–5.3) [22]

2.3 (1.1–4.9) [21]
2.7 (1.3–5.5) [22]

Homozygous defects or combinations of defects 2.7 (1.3–5.6) [22] – –

Mild hyperhomocysteinemia 6.3 (1.4–28.4) [22] 2.7 (1.4–5.2) [79]
4.2 (1.3–13.9) [22]

1.0 (0.2–5.6) [22]

* definition varies across studies.
§ combined thrombophilia defects vs. no defect.
# homozygous Factor V Leiden vs. normal genotype.
† single intra-uterine fetal death.
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important to bear in mind that most studies on the
association between inherited thrombophilia and
pregnancy loss have used definitions in which early
pregnancy loss was defined quite variably, as loss
before 10 weeks’ gestational age until later than 20
weeks, without using ultrasound criteria. The associa-
tion between factor V Leiden and recurrent miscar-
riage was robust when other potential underlying
causes of fetal loss were excluded [21].

Although causality of the relationship is difficult to
assess [26,27], this knowledge has further increased the
number of investigations in couples with recurrent
miscarriage, although the therapeutic consequences of
a positive test result are yet uncertain [28]. The mech-
anisms of how thrombophilia leads to pregnancy com-
plications remain obscure. It is attractive to hypothesize
that hypercoagulability with thrombosis of placental
vasculature is the pathophysiological substrate for the
association between both acquired (antiphospholipid
antibody syndrome) and inherited thrombophilia.
However, it is likely that inflammatory mechanisms
are implicated, in particular for early miscarriage in the
context of antiphospholipid antibody syndrome [29].
In vitro experiments have shown that antiphospholipid
antibodies inhibit extravillous trophoblast differentia-
tion and subsequent placentation [30]. Although tissue
factor activation seems to play a central role, this
appears independent of its role in coagulation [31].
This "non-prothrombotic theory" is supported by the
observation that both heparin and aspirin attenuate
trophoblast apoptosis in vitro [32]. Based on these
observations, it is not biologically plausible that a
thrombotic component in women with inherited
thrombophilia plays a key role. Furthermore, the pla-
cental vasculature has not been developed until 10 to 12
weeks’ gestational age, and thus the thrombosis hypoth-
esis leaves unexplained why the vast majority of women
with recurrent miscarriage have early losses. For the
common forms of inherited thrombophilia, experimen-
tal models for studying trophoblast differentiation and
early placentation are not readily available. However,
thrombomodulin-deficient mice, who are lacking the
important natural anticoagulant protein C pathway,
are unable to carry their fetuses beyond 8.5 weeks’ gesta-
tional age, and dead fetuses are usually resorbed within
24 hours [33]. Fetal demise is caused by tissue factor-
dependent activation of blood coagulation at the feto-
maternal interface, and activated coagulation factors
were found to induce cell death and inhibit growth of
trophoblast cells. Administration of heparin or aspirin

to themice delayed absorption of their embryos, but was
unable to restore trophoblast differentiation and over-
come the growth defect of these thrombomodulin defi-
cient embryos.

Thus, mere hypercoagulability is unlikely to be the
sole mechanism by which thrombophilia, either
acquired or inherited, increases the risk for early preg-
nancy failure.

Clinical implications of thrombophilia
in early pregnancy
A general consideration is whether it is indicated to
test women with a history of venous thromboembo-
lism or with pregnancy failure for inherited thrombo-
philia. Although this is often performed, consequences
of a positive or negative test are uncertain, whereas
potential harms include complications of intensified
anticoagulant treatment or prophylaxis, as well as the
psychological impact of the knowledge of having a
genetic defect, and costs [34].

In the next paragraphs, the evidence regarding
potential clinical implications of acquired and
inherited thrombophilia are reviewed for both venous
thromboembolism and for pregnancy failure.

Prevention of venous thromboembolism in
women with thrombophilia without prior
venous thromboembolism
In general, high-grade evidence regarding prophylaxis
of venous thromboembolism in pregnancy and the
postpartum period is lacking [35]. The optimal man-
agement for asymptomatic pregnant women with
thrombophilia is uncertain and also depends on how
the absolute risk of VTE (0.3%–1.2%, Table 14.1) is
perceived by an individual woman and her treating
physician, and weighed against the drawbacks of
thrombosis prophylaxis. Women with antiphospholi-
pid syndrome and recurrent pregnancy loss are gen-
erally treated with aspirin and low-molecular-weight
heparin with the objective of improving pregnancy
outcome in a subsequent pregnancy (see next section).
This approach likely decreases the risk of venous
thromboembolism as well. The common nuisances
consist of the daily subcutaneous injections of low-
molecular-weight heparin, which give rise to a high
prevalence of aspecific itching skin reactions [36].
The risk of heparin-induced thrombocytopenia is con-
sidered to be too low to recommend regular platelet
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counts, but women using low-molecular-weight hep-
arin are less likely to receive epidural catheters for pain
relief during delivery due to the fear of epidural bleed-
ing [37]. The weak level of recommendations in guide-
lines reflects the absence of evidence with its inherent
uncertainty [38]. It seems generally justified to with-
hold anticoagulant prophylaxis in pregnancy
in women with inherited thrombophilia. Although
antithrombin deficiency is considered as giving a very
high risk of pregnancy-related venous thromboembo-
lism, which is also reflected by the recommendation to
install prophylaxis with low-molecular-weight heparin,
this common perception is not supported by studies
within families that were not subject to selection bias
[39–41]. In the puerperium the risk of thrombosis is
higher (1.0%–3.0%, Table 14.1), so prophylaxis with
anticoagulants (either vitamin K antagonists or low-
molecular-weight heparin) should be considered, in
particular for women with one of the deficiencies of
the natural anticoagulants or combined thrombophilic
defects [38]. Whether the low absolute risks in asymp-
tomatic women with inherited thrombophilia justify
testing all women or those with a family history of
thrombosis or a known thrombophilia in the family, is
widely debated [42,43]. The optimal dose of low-
molecular-weight heparin is also uncertain, and in
most centers asymptomatic women will be prescribed
low-dose low-molecular-weight heparin for 4 to 6
weeks’ postpartum.

Prevention of venous thromboembolism in
women with thrombophilia and a history
of venous thromboembolism
There are no management studies for prophylaxis in
pregnant women with thrombophilia and a history
of deep-venous thrombosis. In two observational stud-
ies, the risk of antepartum recurrent VTE in women
with a history of VTE ranged between 2.4% and 6.2%
if no prophylaxis was installed [44,45]. In the first
prospective study, an idiopathic first thromboembolic
event as well as thrombophilia appeared to be risk
factors for recurrence during the subsequent preg-
nancy [44], whereas this could not be confirmed in
the second retrospective study [45]. In view of the high
risk of recurrence, which was constant during all tri-
mesters of pregnancy, anticoagulant prophylaxis with
low-molecular-weight heparin from early pregnancy
onwards should be strongly considered in women
with an idiopathic first event or thrombophilia. It

should be noted that, in the prospective study [44],
women with known thrombophilia were excluded. In
particular, women with antiphospholipid syndrome
are considered to be at high risk of recurrent venous
thromboembolism and will generally either receive
long-term anticoagulant therapy or prophylaxis dur-
ing a subsequent pregnancy.

Some observational studies showed that recurrent
venous thromboembolism tends to occur most often
in women treated with lower doses of low-molecular-
weight heparin [45–47]. This finding suggests that
intermediate (75–150 anti-Xa units/kg/per day) or
even therapeutic dosages may be preferred. Heparins
should be discontinued at least 12 hours before deliv-
ery and restarted afterwards to avoid peripartum hem-
orrhage [38].

Women who are using vitamin K antagonists for
secondary thrombosis prophylaxis outside pregnancy
and who intend to become pregnant, should be bridged
with therapeutic dose low-molecular-weight heparin
throughout the entire pregnancy. Vitamin K antago-
nists used in the first trimester of pregnancy may lead
to serious warfarin embryopathy. However, this does
not occur if the induced maternal vitamin K deficiency
is restored before 6 weeks after the first day of the
last menstruation [48]. Therefore, a practical approach
is to advise women to perform frequent urine preg-
nancy tests from the day of expected menstruation
and to immediately discontinue vitamin K antagonists
as soon as the test is positive. At the same time, they
should start therapeutic dose low-molecular-weight
heparin based on body weight, and take vitamin K
(for instance 5 mg) by mouth for 3 consecutive days.
If they are taking vitamin K antagonists with a long
half-life, it can be considered to switch to shorter-acting
coumadin derivates before they are pregnant.

Women with thrombophilia and recurrent
miscarriage
Given the observed association between thrombo-
philia and recurrent miscarriage, it is tempting to
speculate about a potential benefit of anticoagulant
therapy in these women. A Cochrane review on its
efficacy in women with antiphospholipid syndrome
performed in 2005 evaluated various (anticoagulant
or aspirin) treatment regimens and concluded that
only half of the trials had adequate concealment of
allocation, a key component of study quality [49].
Two trials investigated aspirin alone and did not dem-
onstrate a beneficial effect on a subsequent pregnancy
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outcome [50,51]. Two trials with a total of 140 patients
showed a clear benefit of unfractionated heparin com-
bined with aspirin as compared with aspirin alone,
with a 54% relative risk reduction of pregnancy loss
[52]. One trial in 98 women compared low-molecular-
weight heparin combined with aspirin to aspirin alone
and found no benefit (relative risk of pregnancy loss
0.78, 0.39–1.57) [53]. Recently, another trial was pub-
lished that evaluated the same interventions in
88 women with recurrent miscarriage, half of whom
had antiphospholipid syndrome [54]. Also, in this
trial, no benefit was observed of one over the other
treatment arm, with high live birth rates of 78% and
79%, respectively, regardless of presence of antiphos-
pholipid syndrome or history of early vs. late recurrent
pregnancy loss. Whether the differences in findings
between unfractionated heparin and low-molecular-
weight heparin are the result of different effects on,
for instance, early placentation remains to be eluci-
dated. It is interesting to note that women who were
included in the trials where a treatment effect was
observed had a markedly lower live birth rate in
the comparator arm (42%–44% as compared with
68%–83% in the trials where no benefit was found
from an intervention).

Treatment guidelines vary with regard to the
administration of heparin for antiphospholipid syn-
drome and recurrent miscarriage. The American
College of Chest Physicians (ACCP) guidelines rec-
ommend the combination of low-dose aspirin and
a low dose of either unfractionated or low molecular
weight heparin (LMWH) (level of evidence: 1B),
whereas the European Society for Human Reproduc-
tion and Embryology (ESHRE) guidelines recommend
the prescription of aspirin with or without LMWH
(level of evidence: 2B) [38,55]. Noteworthy, based on
the findings of the beforementioned Cochrane review,
there is no evidence that aspirin has any benefit at all
[49].

For women with inherited thrombophilia, evi-
dence regarding the effectiveness of anticoagulant
therapy or aspirin is still lacking [26,27]. The main
problem is that arguments in favor of heparin are
based either on case series or on randomized con-
trolled trials without a placebo or no treatment arm.
However, using a woman’s history as the comparator
in uncontrolled case series results in a bias toward
positive outcome of any investigational treatment
in the next pregnancy, as the prognosis of women
with recurrent miscarriage appears good in many

reports [56]. This phenomenon of “regression to the
mean” is nicely illustrated in a population study.
Amongst 2480 pregnant women, 37 had a history of
recurrent miscarriage; nevertheless their live birth rate
was 89% without any intervention, whereas this rate
before the index pregnancies was 28% [57]. This was
not separately assessed for women with thrombo-
philia. In a report from a tertiary recurrentmiscarriage
clinic in the United Kingdom, the outcome of
untreated pregnancies amongst 19 women heterozy-
gous for the factor V Leiden mutation who had a
history of recurrent early miscarriage was much
lower compared with women with a similar pregnancy
history without factor V Leiden (38% vs. 69%; OR 3.8,
95%CI 1.3–10.9) [58].

A randomized experimental approach is absolutely
necessary for establishing whether anticoagulant ther-
apy is beneficial in women with thrombophilia and
pregnancy complications, in order to avoid the prob-
lem of confounding by indication. Only one random-
ized trial has been published in which two doses of
enoxaparin (40mg and 80 mg) were compared in
women with inherited thrombophilia and recurrent
pregnancy loss [59]. There was no difference between
both treatment arms, with live birth rates of 84% and
78%. Unfortunately, this trial did not have a no treat-
ment or placebo arm, which is the only appropriate
comparator given the uncertainty about the natural
history of recurrent miscarriage in thrombophilic
women.

Recently, two trials in women with unexplained
recurrent miscarriages failed to demonstrate a benefi-
cial effect of aspirin, or aspirin combined with low-
molecular-weight heparin as compared to placebo or
no treatment [60, 66]. In one of those trials, an a priori
subgroup analysis of women with thrombophilia
did not show a significant effect of this intervention
either, although the study was not powered for sub-
group analyses [60].

Women with inherited thrombophilia and
a single pregnancy loss
In one trial women with one unexplained pregnancy
loss after the tenth week of gestation and who were
carriers of the factor V Leiden mutation, the factor II
G20210A mutation, or had protein S deficiency, were
randomized to low-molecular-weight heparin (enoxa-
parin, 40 mg/day) or low-dose aspirin (100 mg/day),
given from the beginning of the eighth week of
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gestation [62]. In the enoxaparin group, 69 out of 80
women (86%) had a healthy live birth, which was
remarkably different from 23 out of 80 women (29%)
in the aspirin group (absolute risk difference 58%, 95%CI
43%–68% [60]. However, several methodological issues
were raised, which included a quasi-randomized design
and inadequate concealment of allocation [63,64]. Also,
the prognosis of the women treated with aspirin was
unexpectedly poor and in contrast to findings from
another study. Here, patients with documented venous
thromboembolism or premature atherosclerosis and
carriership of the factor V Leiden or prothrombin
20210A mutation were included, as well as their first-
degree relatives [65]. The live birth rates of the second
pregnancy following a first loss were 77% (95%CI 62–87)
in carriers and 76% (95%CI 57–89) in non-carriers
after a first early miscarriage. After a late miscarriage
in the first pregnancy, the live birth rate of the second
pregnancy was 68% (95%CI 46–85) in carriers and 80%
(95%CI 49–94) in non-carriers (OR 0.9, 95%CI 0.5–1.3).

Given the current evidence, women with a single
pregnancy loss and inherited thrombophilia should be
reassured that they have a high chance of a successful
subsequent pregnancy without intervention with low-
molecular-weight heparin.

Other observations in women with
inherited thrombophilia
Two prospective observational, non-randomized stud-
ies in women with familial thrombophilia assessed the
effect of thrombosis prophylaxis on fetal loss, which
was primarily given for the indication of thrombosis
prophylaxis [66,67]. Such an assessment appears
valid, assuming that there is no link between the deci-
sion to prescribe heparin and the perceived prognosis
of fetal loss [68]. In the first study that included 83
women with thrombophilia who received thrombosis
prophylaxis at some point during the first pregnancy
in prospective follow-up, only 20 women (28%)
received thrombosis prophylaxis to prevent fetal loss
[66]. Among 21 women with thrombophilia who used
heparin or oral anticoagulants before week 5 of the
pregnancy until the end of the pregnancy, five (24%)
experienced fetal loss, with an unadjusted relative risk of
fetal loss associated with thrombosis prophylaxis of 1.1
(95% CI 0.4, 3.3), and a relative risk adjusted for center,
total number of pregnancies, history of fetal loss and
maternal age at gestation of 0.7 (95% CI 0.2, 3.2). In the
second study, 26 of 37 women (70%) with a deficiency
of antithrombin, protein C or protein S received

thrombosis prophylaxis during pregnancy, mostly
to prevent recurrent venous thromboembolism [67].
Prophylaxis was refused by 11 deficient women, most
of whom had no history of venous thromboembolism.
None of 26 deficient women with thrombosis prophy-
laxis experienced fetal loss, in contrast to five of 11
deficient women (45%) without thromboprophylaxis,
with a relative risk adjusted for clustering of women
in families of 0.07 (95% CI 0.01–0.7). The very different
results from these studies cannot be easily explained
by differences in study design or selection of patients.

Conclusions
Women with thrombophilia are at increased risk for
pregnancy-related venous thromboembolism. In general,
antepartum anticoagulant prophylaxis can be withheld
in women without a history of venous thromboembo-
lism, whereas prophylaxis with at least intermediate
doses of low-molecular-weight heparin throughout
pregnancy are likely to be the best choice in women
who have experienced venous thromboembolism in
the past. Postpartum prophylaxis should be considered
in asymptomatic women with inherited thrombophilia,
and definitely in women with a thrombotic history.

Pregnancy failure and other vascular pregnancy
complications are associated with the presence of
both acquired and inherited thrombophilia. Mecha-
nisms are likely to involve effects on trophoblast differ-
entiation rather than mere hypercoagulability. For
women with antiphospholipid syndrome, the evidence
regarding the efficacy of aspirin with or without the
addition of low-molecular-weight heparin is not solid,
whereas two small trials have shown a clear benefit
of unfractionated heparin. For women with inherited
thrombophilia, low-molecular-weight heparin to pre-
vent pregnancy loss is definitely experimental as solid
evidence is not yet available. Aspirin alone or com-
bined with low-molecular-weight heparin does not
improve pregnancy outcome in women with unex-
plained recurrent pregnancy loss. Randomized con-
trolled trials with an appropriate control group of
either no treatment or placebo are currently being
carried out and results should be awaited before anti-
coagulant prophylaxis of pregnancy failure in women
with inherited thrombophilia can be implemented.
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Chapter

15 Thrombosis, air travel and
early pregnancy
Gillian Norrie and Mike Greaves

In October 2000, media interest in the concept of air
travel as a risk factor for venous thromboembolism was
enhanced by the tragic case of a 28-year-old woman
who died from pulmonary embolism shortly after
arrival at Heathrow airport, following a 20-hour jour-
ney from Australia. The media frenzy was particularly
apparent in the UK. Widely read national newspapers
carried banner headlines including “Could These Seats
be the Death of You?” (referring to the limited leg room
in economy class sections of airliners), “‘Cattle Class
Syndrome’Could Kill 2000 a Year,” “Millions at Risk in
New Long Haul Flight Scare,” and “The Air-Death
Gene” (all referring to the high prevalence of heritable
thrombophilia in the general population). As a result of
this sensational reporting one could be forgiven for
concluding that air travel carries a unique and very
high risk of promoting deep vein thrombosis and
death from pulmonary embolism. The clinical and epi-
demiological facts do not support this conclusion at all,
however. Nevertheless, some travelers may be at more
than the average risk of venous thromboembolism due
to the presence of additional risk factors. Pregnancy
may be one such risk factor and it is worthwhile, there-
fore, to attempt to quantify the level of risk in order to
provide evidence-based advice on risk reduction.
However, there are no robust data which address spe-
cifically the issue of pregnancy and travel in relation to
the occurrence of venous thromboembolism. As such,
the only informative approach to the issue is through
extrapolation from the limited amount of robust patho-
physiological and epidemiological data relevant to
pregnancy which have accumulated on the general
topic of venous thromboembolism. Those data are
reviewed here.

Thrombosis risk and early pregnancy
As has been described in the preceding chapters,
venous thromboembolism (VTE) has a multifactorial

pathogenesis involving genetic predisposition,
acquired diseases and conditions, and lifestyle and
environmental factors. The annual incidence of VTE
is of the order of 1 in 1000 individuals in Western
populations. However there is a very marked effect of
increasing age; therefore, the incidence in non-
pregnant women of childbearing age is much lower,
perhaps around 1 in 10,000 per annum (Figure 15.1).
Pregnancy is an independent risk factor for VTE.
Overall, VTE complicates approximately 1 in 1000
pregnancies [1]. Although clinicians have tended to
regard late pregnancy and the puerperium as high-risk
periods, increased risk is present at all stages. For
example, in a meta-analysis of 12 published studies
of deep vein thrombosis during pregnancy in which
the trimester of occurrence was reported, Ray and
Chan [2] calculated a weighted event rate of 21.9%
(95% CI 17.4–27.3) in the first trimester, 33.7%
(28.1–39.8) in the second trimester and 47.6% (39.2–
56.2) in the third trimester. It is important to have
insight into the level of risk relative to the non-
pregnant state. This can be estimated from case–
control studies. In the MEGA study [3], a study of
risk factors for VTE in 285 patients and 857 controls,
the analysis suggested an approximately five-fold
increased risk of VTE during pregnancy (Odds Ratio
4.6; 95% CI 2.7–7.8) which contrasts with a 60-fold
increased risk in the 3 months after delivery (OR 60.1;
26.5–135.9). Most of the increased risk during preg-
nancy was indeed in the third trimester (OR 8.8;
4.5–17.3) with only a modest increased risk in the
first two trimesters (OR 1.6; 0.7–3.7). Notably, but
not surprisingly, women who are carriers of factor V
Leiden had a greater than 50-fold increased risk of
pregnancy-related VTE compared with non-pregnant
non-carriers (OR 52.2; 12.4–219.5).

It is reasonable to conclude from these observations
that there is an increased risk of VTE in early pregnancy.
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The relatively modest increase in risk, compared with
later pregnancy and the puerperium, is consistent with
the likely pathogenic mechanisms involved. Thus, the
well-described increases in several coagulation factors
in pregnancy, including factors V, VII, VIII, X and
fibrinogen are most marked in the second and third
trimesters. Nevertheless, some potentially prothrom-
botic changes begin to manifest in the first trimester.
For example the pregnancy specific inhibitor of fibrinol-
ysis, PlasminogenActivator Inhibitor 2 (PAI 2), is detect-
able inplasmaduring thefirst trimester [4]. Furthermore,
markers of coagulation activation such as D-dimer
and thrombin-antithrombin complex are significantly
increased in plasma of women with healthy pregnancies
by 12 weeks’ gestation [5], and the fall in femoral venous
blood flow velocity which is associated with pregnancy is
said to be detectable by the end of the first trimester [1].

The data summarized above indicate an increased
relative risk of VTE in pregnancy. However, the most
important consideration for an individual is their
subject-specific personal absolute risk, given their per-
sonal putative risk factors, rather than the population-
averaged relative risk derived from epidemiological
data. By extrapolation from the epidemiological evi-
dence the absolute risk of VTE in a young woman
during early pregnancy is low, certainly less than 1 in
1000. This risk is increased in the presence of addi-
tional risk factors, be they genetic or acquired.
Nevertheless, even in a carrier of factor V Leiden
who is pregnant the absolute risk of VTE remains low.

Thrombosis risk and travel
Although the level of risk of VTE associated with air
travel has been exaggerated through sensationalized

reporting in the mass media, it has nevertheless been
established now that long-haul flights represent a risk
factor for deep vein thrombosis and pulmonary embo-
lism, including fatal events. However, despite the
media focus specifically on air travel, there is ample
evidence that the same applies to other modes of travel
which enforce prolonged periods of immobility in
relatively cramped conditions [6]. Indeed, these obser-
vations linking immobility to VTE are far from novel.
For example, in 1940, Simpson [7] observed a six-fold
increase in the rate of pulmonary embolism in
Londoners seeking shelter in the confines of under-
ground railway stations during bombing raids in
World War II. It appears that the problem was
resolved when mattresses were supplied to replace
the deck chairs frequently used for sleeping, presum-
ably allowing more leg movement and causing less
compression of leg veins. After the early report by
Homans [8], in 1954, of two cases of VTE apparently
associated with air travel, there have been very many
similar case reports, leading to the introduction of
the terminology “economy class syndrome” as early
as the 1970s.

Among the most compelling evidence which links
symptomatic VTE with air travel, and emphasizes the
duration of travel as a major factor, is the study by
Lapostolle et al. [9]. They reviewed all recorded cases
of pulmonary embolism, between 1993 and 2000,
which occurred during or around the time of disem-
barkation from flights arriving at Charles de Gaulle
airport, Paris, France. The total number of passengers
on these flights amounted to 135 million. Among this
population there were 53 episodes of hospitalization
for pulmonary embolism, an incidence of <0.5 per
million passengers. There was a very clear relationship
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Figure 15.1 Incidence of venous
thromboembolism in women.
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to the duration of travel, fewer than 10% of cases
occurring after flights of less than 8 hours duration.
Other risk factors were frequently identifiable.
Notably, in relation to the topic of this chapter, 18
were current users of an oral contraceptive or hor-
mone replacement therapy, suggesting a link between
female hormones and air travel-associated VTE which
is supported by a study into pathogenesis referred to
below. Other studies have supported these findings
and, whilst the study design allows only a proportion
of flight-related events to be captured (restricted to
symptomatic pulmonary embolism within a few
hours of long-haul air travel, whereas other data sug-
gest that the risk persists for several weeks) they do
confirm the association and the important contribu-
tion of combinations of risk factors.

Although there are no pregnancy-specific data,
prospective cohort studies, in which evidence of the
presence of lower limb deep vein thrombosis is sought
by an objective test before and after air travel, have
provided additional information. Such studies have
employed ultrasound scanning of lower limb veins to
detect thrombus; it is important to appreciate that
small, localized thrombi may be detected and their
clinical significance is not known. Some have used
D-dimer assay, also. In five such studies [10–14],
which all excluded subjects to be at high risk of VTE
and were restricted to flights of at least 8 hours dura-
tion, the incidence of any deep vein thrombosis ranged
from 1–12%. These results are difficult to reconcile but
several features are worthy of comment. In the study
by Scurr and colleagues [10] which demonstrated a
12% incidence, most thrombi were detected in isolated
calf muscle veins and, as such, were not necessarily of
any clinical significance. None was symptomatic.
Furthermore, in half of the cases in this study the
plasma D-dimer concentration was not raised. When
the test is validated within the population to be
studied, a low concentration of D-dimer has a high
negative predictive value for exclusion of VTE in low-
risk individuals. Hence, the likely clinical significance
of some of the thrombi detected in this study is dimin-
ished further. If the results from this study are
excluded from the analysis, of 2437 subjects included
in the remaining studies, it appears that VTE was
detected in 1.6% of low- or intermediate-risk travelers
after flights of at least 8 hours. When the thrombi
which were limited to isolated calf muscle veins (and
which may not be clinically important) are excluded,
just over 0.5% had any VTE, and symptomatic VTE

was present in just under 0.5%. Of course, this analysis
makes no allowance for the background incidence of
VTE detectable using the same methods in a cohort of
non-travelers. When the data from the two studies
which included a relevant control group are examined
[11,12], the presence of isolated calf muscle vein
thrombosis, the most prevalent finding, was only
twice as common among flyers than in controls, and
deep vein thrombosis only around four times more
common. Overall, these types of studies have tended to
confirm that subclinical leg vein thrombosis is some-
what increased after long-haul flights, with a modest
increase in clinically apparent VTE also.

Additional insights into the level of risk of VTE
associated with air travel come from case–control stud-
ies. Kuipers et al [15] have performed a methodologic-
ally robust systematic review of such studies. This
included ten published studies in which the frequency
of a history of any form of travel among subjects with
VTE was compared with that in a control population
without VTE.When data were analyzed from six studies
in which results for air travel could be separated, the
pooled odds ratio for air travel of any duration was 1.4
(95% CI 0.9–2.0); when three of these studies were
excluded on the grounds of likely bias due to the meth-
ods employed, the pooled odds ratio of the remaining
studies was 1.9 (95%CI 1.2–2.8). There was evidence for
an effect of flight duration. When all ten studies were
included in the analysis the pooled odds ratio for any
travel was 1.7 (95% CI 1.4–2.1), consistent with the
concept that the modest increase in risk of VTE is not
restricted to travel by air [16]. In summary, from these
data it is reasonable to conclude that travel is associated
with an increased risk of VTE of around only two-fold.

What is the absolute risk of VTE after air travel?
Kuipers et al. [15] estimated this using data from their
own study of VTE among around 9000 employees of
international companies and organizations – that is,
frequent flyers. Based on 22 episodes of VTE in this
cohort they calculated an absolute risk of a sympto-
matic VTE occurring within 4 weeks of flights longer
than 4 hours of 1 in 4600 flights. Of course, it is
inappropriate to generalize this to the overall travelling
population due to the highly selected nature of the
cohort studied (generally healthy). Nevertheless, it
seems likely that this level of risk, which is clearly
modest, would apply also in the case of a healthy
woman of child-bearing age.

In relation to the pathogenesis of VTE associated
with air travel, the physiology of the venous circulation,
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the historical observations referred to above, and the
indication that other forms of travel are implicated,
together suggest that immobility is a major factor.
However, it has been hypothesized that other features
of the aircraft cabin environment may play a role. The
cabin pressure in passenger aircraft is around 76 kPa,
which approximates to an altitude of 2500m above sea
level. At this pressure the oxygen saturation in arterial
blood can fall to around 90% and hypobaric hypoxia has
been considered to have the potential to activate blood
coagulation. Although some limited evidence has been
published in support of this, in a comprehensive study of
73 healthy volunteers exposed for 8 hours to hypobaric
hypoxia comparable to that encountered by air travelers
Toff et al. [17] found no evidence for any prothrombotic
change in an extensive range of sensitive assays of blood
coagulation and hemostasis. Due to the complexities of
conducting such a study, coagulation activation during
actual air travel has been studied infrequently. However
Schreijer et al. [18] conducted a well-designed and exe-
cuted cross-over study on 71 healthy volunteers in
whom coagulation activation was assessed during an 8-
hour flight, an 8-hour session watching movies and also
whilst engaged in normal daily activities. Although no
coagulation activation was detected in the majority,
some evidence for increased thrombin generation was
found in 17% during the flight, compared with 3%
whilst watching movies and 1% whilst ambulatory. Of
note, the evidence of coagulation activation was princi-
pally among women with factor V Leiden who were
using oral contraception, a population which was not
strongly represented in the study by Toff et al [17]. This
observation lends biological plausibility to the findings.
Taken together, these data suggest that hypobaric hyp-
oxia of a degree associated with passenger air travel does
not activate coagulation in most healthy individuals.
However, when other procoagulant factors are present,
increased blood coagulability may be triggered. The
observation that one such factor is the use of contra-
ceptive hormones has clear implications in relation to
pregnancy and air travel. For example, acquired resist-
ance to the anticoagulant activity of protein C is a major
contributor to the prothrombotic effect of the combined
oral contraceptive [19] and is also a feature of normal
pregnancy [20]. Although there are no data available on
the effect of hypobaric hypoxia on blood coagulation
during pregnancy, it is reasonable to hypothesize that
there may be an additive or even a synergistic effect.
Finally, in relation to pathogenesis, whilst it has been
hypothesized that dehydration resulting from the low

atmospheric humidity on board passenger aircraft may
predispose to VTE there is no evidence to support
this [21].

Estimating the thrombosis risk from
travel during early pregnancy
Based on the data reviewed in the preceding sections,
the absolute risk of symptomatic VTE in a healthy
pregnant woman is low – much less than 1 in 1000 in
early pregnancy. In a healthy non-pregnant woman of
child-bearing age the risk of symptomatic VTE follow-
ing a flight of 4 hours or longer is low also, again
probably much less than 1 in 1000, and some other
types of travel may carry a similar risk. Although there
are no data available on the absolute risk of VTE a
woman who undertakes a long-haul flight during early
pregnancy, even if the two risk factors are synergistic,
it seems unlikely that the risk of VTE is as great as 1 in
100 for example, although it may possibly approach
this level during the puerperium. However, as always
in this multifactorial condition, the potential impact of
additional risk factors should not be overlooked. These
heritable and acquired risk factors have been described
elsewhere in this book. As an example, an obese
woman who has a personal history of unprovoked
VTE, is no longer treated with anticoagulant and
who is 12 weeks pregnant almost certainly has a rela-
tively high absolute risk of travel-related VTE even if
this cannot be adequately quantified. The crucial ques-
tion is whether there are interventions of proven effi-
cacy in reducing the risk of VTE associated with travel
and, if so, which pregnant women should be offered
those interventions.

Prevention of travel-related VTE
Potentially effective measures to reduce the risk of
travel-related VTE include enhanced mobility, use of
graduated compression hosiery and pharmacological
interventions.

Improved mobility may be facilitated by increased
leg room whilst seated. This generally requires place-
ment in the higher grade and more expensive areas of
the aircraft. Whether this strategy is effective in reduc-
ing the risk of VTE is not known of course, although
there are well-recorded case reports of VTE occurring
in business class passengers. Interestingly, in one epi-
demiological study, an excess of air-travel related VTE
occurred in the tallest and shortest passengers, com-
patible with an effect of seating arrangements on risk
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[6]. The efficacy of the seated leg exercises promoted
by some airlines to reduce risk of VTE has been ques-
tioned [22] but, based on the physiology of venous
return, and some evidence that foot exercises against
resistance increase blood flow in the popliteal vein
[23], their adoption seems reasonable, as do recom-
mendations to avoid remaining seated throughout the
journey.

A Cochrane review has addressed the question of
efficacy of graduated compression stockings in the
prevention of deep vein thrombosis in airline passen-
gers [24]. However, of the ten publications, the major-
ity have been criticized in relation to quality and other
issues [15] and we do not feel that they should be
considered further here. The remaining two random-
ized controlled trials were small. In one, participants
were randomized to dried vine leaves or diuretics also.
In the second, the study by Scurr et al. described above
[10], 12 of the 100 low-risk passengers allocated to the
no-stockings arm suffered asymptomatic deep vein
thrombosis compared with none of the 100 allocated
to the class I compression stocking arm. The limita-
tions of this study have been referred to already. In
summary there are insufficient well-conducted studies
to determine whether graduated compression stock-
ings are effective in the prevention of travel-related
deep vein thrombosis. The use of full-length compres-
sion hosiery is believed to reduce the risk of subclinical
deep vein thrombosis after surgical procedures
[25,26], and there is evidence that below-knee stock-
ings are no less effective in this population [27].
However these observations may not be generalizable
to the distinctive situation of reduced mobility due to
seating arrangements within an airplane passenger
compartment.

There are no robust data available on the safety and
efficacy of pharmacological interventions for the pre-
vention of travel-related thrombosis. The principal
pharmaceuticals which could be considered are hep-
arins and aspirin, also some “complementary” prep-
arations have been promoted [28]. Low molecular
weight heparin (LMWH) is effective in reducing the
incidence of VTE post-operatively (by 50–60%) as well
as in hospitalized subjects more generally, with little
increased risk of bleeding. Low molecular weight hep-
arin does not cross the placenta and may be safely
employed during pregnancy. Although it seems likely
that prophylactic LMWH would reduce the risk of
travel-related VTE, and is occasionally prescribed for
this purpose, this is by extrapolation from its proven

efficacy in these other situations and is not fully
evidence-based. In our opinion, based on the low
absolute risk of travel-related VTE in the overwhelm-
ing majority of women during early pregnancy, phar-
macological thromboprophylaxis with LMWH can
be justified only extremely rarely. Aspirin has, at
best, limited efficacy in the prevention of VTE. Peri-
operative prophylaxis with aspirin appears to reduce
the risk of VTE by around 25% in high-risk surgical
patients [29]. There are no robust data on its efficacy in
prevention of travel-related thrombosis. Although low
dose aspirin use appears to be safe in pregnancy, in any
patient taking aspirin there is an increased risk of
clinically important gastric bleeding. As such, the
risk–benefit ratio of aspirin as an antithrombotic in
the context of travel-related VTE, a rare complication
in healthy travelers, is likely to be narrow. It is some-
what perplexing, therefore, that in a questionnaire-
based postal survey of members of the Royal College
of Obstetricians and Gynaecologists [30], 53% of
respondents indicated that they would recommend
thromboprophylaxis with aspirin 75mg (and 6%
with aspirin 300mg) to pregnant women intending
to travel by air.

Advice to women who undertake
long-haul travel during early
pregnancy
Based on the evidence where available, coupled with
pragmatism, we recommend:

Women should be advised that there may be no
additional risk associated with short journeys,
for example flights of less than 3 hours duration.

For longer flights the absolute risk is low for most
individuals, and the increased risk is not restricted
to travel by air. On the grounds that restricted
mobility is probably an important pathogenic
factor, women should be advised to maintain
mobility, when appropriate and possible, before,
during and after the journey, and to perform leg
exercises intermittently while seated.

Whilst below-knee compression stockings are not
of proven efficacy in the context of travel, their
use is unlikely to be harmful.

In women considered to be at the highest risk, due
to the co-existence of multiple risk factors,
pharmacological thromboprophylaxis could be
considered, but this should be exceptional.
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Although not based on evidence from relevant
clinical trials, LMWH could be given in a
prophylactic dose prior to embarkation for each
leg of the journey.

In our opinion, use of aspirin for the prevention of
travel-related thrombosis is not justified.
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Chapter

16 Immunotherapy and early pregnancy
Ole B. Christiansen

Introduction
Recurrent miscarriage (RM), defined as three or
more consecutive miscarriages, affects 0.5–1% of all
women. In a minority of couples causes such as
parental chromosome abnormalities, significant uter-
ine malformations, endocrine or thrombophilic dis-
turbances can be found and some cases are probably
the result of repeated de novo fetal chromosome
aberrations in pregnancies of karyotypically normal
parents [1]. In many cases immunological abnormal-
ities can be identified in peripheral blood. A series of
autoantibodies, a T-helper type I cytokine bias or
increased natural killer (NK) cell activity have been
reported to be found with increased prevalence in
these patients [2–5] although none of these bio-
markers has been documented per se to be sufficient
to cause miscarriage/RM. Furthermore, most of
them do not reflect immunological conditions inside
the uterus. Immunological disease is often caused by
cell-mediated autoimmune reactions exclusively
localized in the target organ (e.g. insulin dependent
diabetes mellitus, multiple sclerosis), and the diag-
nosis is not dependent on the demonstration of
particular immunological reactions/biomarkers in
peripheral blood. The knowledge that multiple scle-
rosis is an autoimmune disease is mainly based on
genetic epidemiological studies e.g. the finding of
associations to particular HLA class II alleles. The
demonstration of specific immunological disturban-
ces in peripheral blood is thus not mandatory to
propose an immunological etiology for a disease
and the strongest evidence for the involvement of
the immune system in RM indeed comes from
genetic epidemiological studies. Genetic polymor-
phisms associated to deficiency of mannose-binding
lectin, particular HLA class I and class II alleles and
genetic polymorphisms of importance of NK cell

interactions or cytokine production can be found
with increased prevalence in RM patients or subsets
of these [6–10]. Patients with secondary RM (the loss
of three or more pregnancies to miscarriage follow-
ing one successful pregnancy) seem to be more
prone to have an immunological background than
other RM patients. Recent results point towards a
role for immunization against male-specific minor
histocompatibility (HY) antigens in the etiology of
secondary RM [11] and maternal carriage of the
immunological high-responder allele HLA-DR3 is
increased in women with secondary RM [9]. There
is also support for the hypothesis that the chance of
an immunological etiology for RM is increased in
patients with a high number of previous miscarriages
(≥4): the prevalence of particular HLA-DR alleles or
HLA-G alleles and the frequency of mannose-
binding lectin deficiency increase with the number
of previous miscarriages [6,8,9]. Furthermore, the
chance for fetal aneuploidy as an etiology to miscar-
riage decreases with the number of previous miscar-
riages [12].

If significant anatomical, chromosomal, endocrin-
ological or coagulation disorders are excluded it
may be assumed that the etiology of RM is mainly
immunological primarily based on results from large
genetic-epidemiological studies. This justifies that
trials of immunotherapy in RM have often not
included patients according to the presence of selected
immunological biomarkers but rather according to the
absence of non-immunological risk factors.

Three immunotherapeutic approaches have been
tested in RM: prednisone, active immunization with
allogeneic lymphocytes from the partner or third-
party donors, and intravenous immunoglobulin
(IvIg). Prednisone therapy has so far been tested in
only one, although large placebo-controlled trial
(PCT) in RM patients positive for autoantibodies [13].
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In this trial prednisone was administered in large doses
during all of pregnancy; a small but non-significant
effect was found but the obstetric side effects were
significant. More trials of prednisone using smaller
doses in a shorter time period should be undertaken
but until such studies are published, prednisone treat-
ment cannot be recommended in RM. Since many
more PCTs have been conducted regarding the other
forms of immunotherapy these will be discussed in
more detail.

Allogeneic leukocyte immunization
therapy
The thought that allogeneic leukocyte immunization
therapy (ALT) could be beneficial in RM arose from
the observation that injections of paternal lympho-
cytes into pregnant female mice in crosses of strains
with a high fetal resorption rate could decrease the
resorption rate [14]. Furthermore, pre-transplantation
blood transfusions were reported to decrease the rejec-
tion rate in organ transplantation [15] – a condition
with similarities to implantation of the semi-allogeneic
fetal allograft in the uterus. The first PCT of ALT
reported that injections of paternal lymphocytes (part-
ner lymphocyte therapy, PLT) increased the preg-
nancy success rate significantly but subsequent PCTs
provided conflicting results [16]. Partner lymphocyte
therapy or infusion/injection of third-party donors
(donor lymphocyte transfusions, DLT) became widely
used within and outside controlled trials since 1985. In
1994, a meta-analysis of all PCTs (mainly PLT and a
few DLT trials) showed that ALT significantly
increased the chance of a live birth with 16.3% (95%
CI 4.8–27.8%) among patients with primary RM and
no auto- or alloantibodies, whereas no effect could be
detected in patients with secondary RM [17,18]. In
1999, the results of a large PCT showed that PLT did
not increase the chance of a live birth compared with
placebo but rather tended to decrease it [19].
Subsequently, a Cochrane meta-analysis found that
the odds ratio (OR) for live birth after PLT was 1.23
(95%CI 0.89–1.70) and forDLT 1.39 (95%CI 0.68–2.82)
and it concluded that neither treatment provides sig-
nificant beneficial effect over placebo in preventing
further miscarriages [20].

Since the publication of the Cochrane review, ALT
has been abandoned in most clinics and studies of this
treatment option have had a very difficult course for
being selected for presentation at meetings and for
publication in medical journals.

Heterogeneity of ALT trials
In the PCTs included in the Cochrane analysis, the
live-birth rates ranged from 45.6% [19] to 84.0% [21]
in the treatment groups and from 30.0% [21] and
46.7% [16] to 72.7% [22] and 78.6% [23] in the placebo
groups. There was significant statistical heterogeneity
(P = 0.01) between the outcomes in the trials of PLT in
the Cochrane meta-analysis, throwing doubt on the
rationale of calculating a pooled OR at all. This hetero-
geneity can be due to (a) heterogeneity of immuniza-
tion protocols and (b) heterogeneity of patient
populations.

Heterogeneity of immunization protocols
Knowledge from general immunology tells us that the
immunizing procedures used in the trials included
in the Cochrane analysis of ALT differ so much in
their mode of action that this alone can explain the
heterogeneity of the results in the trials. In most ALT
trials immunization had been done according to the
protocol applied by Mowbray et al., administering a
total of 5ml partner lymphocyte suspension (c. 2 × 108

cells) in equal amounts intradermally, subcutaneously
and intravenously before conception and in early preg-
nancy [16]. The DLT treatment, as used in the PCT
carried out in my clinic, is completely different in
terms of the amount, the origin and the route of
administration of the immunizing agent than ALT
used in almost all other trials [24]. In my trial intra-
venous infusions with 150ml of buffycoat (leukocyte-
enriched blood concentrate) from two red-cell-
compatible blood donors were undertaken twice
before conception with intervals of 1 month before
conception. Transfusions were repeated every 5th
month until conception but no transfusions were
given during pregnancy. At each DLT a total of 1.5
to 4.6 × 109 white cells were exclusively infused intra-
venously. This is more than 10 times the number of
cells given in most other protocols. The dose of the
immunizing agent (number of cells administered) is
known to be a very important factor in immunother-
apy [25,26]: very low and very high doses will normally
induce tolerance whereas intermediate doses induce
immunization, which (in pregnancy) may harm the
fetus. There is evidence that intravenous administra-
tion of high doses of an antigen, in the absence of
additional co-stimulatory signal (as done in my pro-
tocol), is a much better way to induce tolerance
than the subcutaneous/intradermal administration of
smaller doses of antigen used inmost ALT protocols [25].
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In conclusion, ALT as performed in most trials, is
prone to induce (potentially harmful) immunization
whereas ALT, as done in my trial, in theory induces
tolerance.

Storage of the immunizing agent may also be
important. In one trial, cells for injection were stored
overnight whereas in almost all other trials cells were
injected within a few hours after being drawn from
the partner/donor [19]. Storage of lymphocytes for
24 hours may alter their immunogenetic properties

radically, which may impair the anti-abortive effect
[27]. The much lower live-birth rate after PLT in one
trial [19] compared with all other trials (46% vs
50–79%) may, in theory, be caused by this.

Whereas there is thus evidence that the way of
administration, the amount of immunizing agent
and storage of the immunizing cells are important
for the effect after ALT there is no evidence that
administration of cells from the partner results in
different effects compared with administration of
third-party donor cells (Table 16.1). If all trials of
PLT or DLT were included in a common meta-
analysis (which was not done in the Cochrane analy-
sis), the OR for live birth after ALT would become 1.30
(95% CI 0.96–1.76), which is almost statistically sig-
nificant (Figure 16.1).

Heterogeneity of patient populations
The PCTs included in the Cochrane meta-analysis of
ALT were very heterogeneous with respect to the fre-
quency of secondary RM patients, ranging from 0%
[23, 28] to 25.7% [19] and 31.8% [24], and also with
regard to the mean number of previous miscarriages,
ranging from 3.4 miscarriages [21] to 4.8 miscarriages
[19]. However, ALT may display different effects in
different subpopulations of RM patients (Table 16.1).
As previously mentioned, ALT was found efficient in a
previous meta-analysis of outcome in primary RM
patients from eight PCTs but had no effect in secon-
dary RM [17]. Furthermore, the effect of ALT signifi-
cantly increased with the number of previous
miscarriages in primary RM [18]. Such an effect gra-
dient across several trials indicates that the number of
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Figure 16.1 Pooled odds ratio for live birth after
allogeneic lymphocyte immunization versus
placebo calculated after combining trials using
partner and/or third-party donor lymphocytes.
*marks trials including patients receiving partner
and/or third party donor lymphocytes.

Table 16.1 Importance of subsets of recurrent miscarriage (RM) or
immunotherapy protocols and their consideration in the Cochrane
meta-analysis of immunotherapy [20].

Patient- or
treatment-related
parameter

Importance
of
parameter

Separate
analysis in the
Cochrane review

Primary vs secondary
RM

Yes, in previous
meta-analyses
[17,39]

No

Few vs multiple
miscarriages

Yes, in a
previous meta-
analysis [18]

No

Immunizing dose Yes, well
known in
vaccination

No

Route of
administration

Yes, well
known in
vaccination

No

Partner vs donor cells No evidence
that RM is
partner-specific

Yes
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miscarriages is an effect modifier, which should be
taken into account when performing and interpreting
meta-analyses of immunotherapy in RM [29]. This
modifying effect may be explained by the fact that
the probability of an immunological etiology for RM
increases with the number of previous miscarriages, as
previously discussed.

Criticism of the Cochrane analysis on ALT
The Cochrane analysis only distinguishes between
trials using paternal and donor cells but not between
different immunizing doses and the route of admin-
istration, which, as discussed above, are the most
important determinants for development of toler-
ance vs immunization (Table 16.1). Furthermore,
no separate analysis in patients with primary RM
was carried out, which is surprising since the pre-
vious meta-analysis of most relevant PCTs had given
evidence for an effect only in primary RM [17].
There was neither any analysis according to the
number of previous miscarriages, which is relevant
since this parameter seems to be an important effect
modifier [18].

Instead of completely rejecting the efficacy of
immunotherapy, the authors of the Cochrane analysis
on ALT should conclude that some types of immuno-
therapy in RM look promising but more PCTs should
be carried out. New protocols of PCTs of ALT should
take into account the lessons learned from the pre-
vious trials. If a new meta-analysis of PCTs of ALT is
carried out, it should, as a minimum, look into effects
according to doses of the immunization agent and the
route of administration and it should evaluate the
effect according to the number of miscarriages and in
subsets of primary and secondary RM patients
(Table 16.1).

Intravenous immunoglobulin
Intravenous immunoglobulin (IvIg) is prepared by
extracting the IgG fraction from plasma from normal
blood donors. It exhibits a documented effect in many
immunological disorders. The mode of action is prob-
ably multiple (Table 16.2) but some documented
effects are modulation of cytokine production, block-
age of lymphocyte receptors, inhibition of autoantibody
formation, neutralization of activated complement
components and induction of apoptosis of activated
lymphocytes [30,31].

Knowing the association between many genes with
immunological function and RM it is an obvious

thought that IvIg may be beneficial in the prevention
of the disorder. In RM patients, a number of uncon-
trolled trials of IvIg treatment have been carried out
with apparently favorable results. However, without
an untreated control group the effect is impossible to
evaluate. Seven PCTs of IvIg treatment including 345
RM patients have been published so far [32–38]. The
results have been very different with one trial showing
a significant treatment effect [34], another showing a
strong trend towards a treatment effect [33] whereas
the others did not demonstrate any beneficial effect at
all. In the Cochrane meta-analysis, the pooled OR for
live birth was 0.98 (95% CI 0.61–1.58) and it was
concluded that there was no benefit of IvIg in the
treatment of RM [20]. After the publication of this
Cochrane analysis, IvIg treatment was abandoned in
most clinics and further testing in PCTs virtually stop-
ped since the pharmaceutical companies producing
IvIg seem to be very reluctant to support further rele-
vant trials because they accept the negative conclusion
from the Cochrane review. In 2006 another meta-
analysis of the published PCTs found that the overall
live-birth rates for IvIg and placebo were 61.0% and
54.9%, respectively (OR = 1.28, 95% CI 0.78–2.10)
[39]. However, in the secondary RM group
(Figure 16.2), the respective live-birth rates were
63.8% and 38.6% (OR = 2.71, 95% CI =1.09–6.73,
P= 0.03) pointing towards a much better effect in
secondary than in primary RMwhere no positive effect
could be found at all.

Table 16.2 Theories attempting to explain the effect of active
(allogeneic lymphocyte therapy) and passive immunotherapy
(intravenous immunoglobulin) in the prevention of recurrent
miscarriage.

Therapy Theory

Allogeneic
lymphocyte
immunization

Production of anti-paternal antibodies or
blocking antibodies
Dampening of natural killer (NK) cell activity
Modification of cytokine production
Establishment of microchimerism

Intravenous
immunoglobulin

Suppression/neutralization of autoantibodies
Dampening of NK cell activity
Modification of cytokine production
Inhibition of complement binding and activation
Fc receptor modulation and blockade
Inhibition of superantigens
Modulation of adhesion molecules on T
lymphocytes
Induction of apoptosis of activated cytotoxic
lymphocytes
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Heterogeneity of IvIg trials
In the seven PCTs, the live-birth rate after IvIg ranged
from 45% [38] to 77% [37] but after placebo ranged
even more from 29% [33] to 79–83% [35,37]. This
stresses the fact that the trials are extremely heteroge-
neous. The heterogeneity can be due to (a) heterogen-
eity of treatment protocols and (b) heterogeneity of
patient populations.

Heterogeneity of treatment protocols
Since the mode of action of IvIg in most immuno-
logical disorders is not fully clarified, the doses used in
these disorders are empirical and often lack consensus.
Frequently used regimens are: 0.4 g/kg body weight
daily for 5 consecutive days for idiopathic thrombo-
cytopenic purpura or 1 g/kg body weight/day for 2
days at 4-week intervals for severe asthma [40,41].
The doses used in most RM trials have generally
been much smaller than those used in autoimmune
disorders (Figure 16.3) and only in my two trials have
doses approaching the former mentioned doses been
used [33,38].

There was also an extreme diversity between the
trials with regard to the starting time of the first
infusion, the number of infusions given and the
amount of IvIg/placebo given at each infusion
(Figure 16.3). The starting time of IvIg infusions may
be crucial since obviously any therapy for RM should
start before the embryo is dying or already dead. The
majority of miscarriages occur before week 8 and in
these cases the embryo very often exhibits signs of
impaired growth from week 6 as measured by ultra-
sound or hormones. It takes weeks to obtain some of
the immunomodulating effect of IvIg and it is prob-
ably therefore important to start IvIg infusions from
gestational week 5 or before if a beneficial effect is to be
obtained. In spite of this, in three trials infusions were
only started in most of the patients in week 6–8 after
the detection of fetal heart action [32,35,37].
Pregnancies being viable at this relatively late time of
gestation display a fair spontaneous prognosis for
being successful because a considerable part of the
“at risk” time has passed at the time of the first infusion
of IvIg or placebo [42]. The success rate in the placebo
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Figure 16.3 Details of the infusion protocols from three
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group is thus expected to be high, which is also evident
in the relevant trials where live-birth rates in the pla-
cebo group of 68–83% were detected [32,35,37]. Start
of IvIg in gestational week 5 may even be too late for
many pregnancies and it is reasonable to believe that
starting infusions some time before embryonic
implantation might improve the effect. In two trials
[34,36] this approach was indeed used (Figure 16.3)
and a meta-analysis of these two trials showed a sig-
nificant treatment effect [39].

Heterogeneity of patient populations
The patient populations were very different in the
various trials; in my two PCTs 74–100% of the patients
had more than four previous miscarriages compared
with only 19% [32], 21% [35] and 22% [37] of the
patients in other PCTs. In two trials [32,35] patients
with secondary RM were excluded whereas in the
other trials patients with secondary RM comprised
more than half of the patients. This heterogeneity of
the trials may have great importance for the possibility
of finding an effect of IvIg since, as previously dis-
cussed, there are many indications that women with
≥4 miscarriages and women with secondary RM
are especially prone to have an immunological back-
ground for their problem.

Criticism of the Cochrane analysis on IvIg
The treatment protocols used and the patient popula-
tions of the PCTs included in the Cochrane analysis of
IvIg in RM were thus extremely heterogeneous and it
is questionable how much information can be
obtained by the combination of all patients from
these trials in a meta-analysis [20]. The Cochrane
meta-analysis of IvIg did not look into relevant sub-
groups of patients (Table 16.1) although there is plenty
of evidence to suggest that the dose of IvIg and the
timing of the first infusion are very important for the
effect and evidence from a non-Cochrane meta-
analysis suggests that the effect may be greatest in
secondary RM [39].

To conclude that IvIg is inefficient in the treatment
of RM based on a non-selective summary of data from
the available PCTs would be comparable to concluding
that treatment of women with infertility, regardless of
the cause, with ovarian stimulation using a fixed low
follicle-stimulating hormone (FSH) dose is inefficient
because a trial of such a treatment modality would not
be able to show any significant effect of FSH therapy
over placebo. However, if the patients in such a trial

were subdivided according to the causes of infertility
and only those with anovulation and no other infertil-
ity causes were treated with adequate FSH doses
adjusted by monitoring of the follicle growth, a sig-
nificant treatment effect would be found.

Negative aspects of immunotherapy
in RM

Allogeneic leukocyte immunization therapy
The use of ALT poses – in theory – serious side effects:
transmission of viruses and prions, suppression of the
immune defence against infections and maybe a long-
term increased risk of some hematologic malignancies
[43]. Infectious agents such as HIV and hepatitis B and
C can be transmitted. The cell donors should be
screened for these infections but such screening can
never provide 100% certainty since the donors can be
recently infected and the cellular suspensions cannot
be virus-inactivated. In my trial many treated patients
had significant influenza-like symptoms after intra-
venous DLT and major and minor postnatal compli-
cations were found in 8/29 (28%) of the children born
after DLT compared with 1/10 (10%) children born
after placebo [24]. However, looking at only major
complications, the frequencies were equal in the two
groups: 2/29 (7%) versus 1/10 (10%).

A study by Kling et al. evaluated maternal side
effects in a large group of women with RM and recur-
rent implantation failure treated with intradermal PLT
[44]. The occurrence of side effects was low and com-
parable to the frequency of side effects after vaccina-
tion for infectious diseases.

Intravenous immunoglobulin
There are two negative aspects of IvIg therapy that
must be considered when deciding whether to use
IvIg therapy to RM patients or not: (a) the potential
harm effects and (b) the economic costs of the drug.

Harm effects of IvIg
The harm effects can be divided into allergy, direct
effects on organs and the risk of transmission of infec-
tious agents. A severe immunological reaction against
the (small) IgA content in IvIg can develop in IgA-
deficient patients: however, by screening for IgA defi-
ciency (found in approximately 1/800) before IvIg
infusion this complication can be avoided. Allergic
reactions against other components in IvIg are nor-
mally slight (skin rash, arthralgias).
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A series of pathogens pose a confirmed or theoret-
ical risk of transmission by plasma products. Hepatitis
A, B and C, HIV 1 and 2, HTLV I/II and parvovirus 19
can be transmitted by blood products and the prions
causing the variant form of Creutzfeldt – Jakob disease
might be transferred by plasma products although it
has never been documented. Considerable achieve-
ments have been reached in the reduction of the pos-
sible risk of transmission of infectious agents. The
main steps in obtaining the current high safety of
plasma products are: (1) rigid donor selection proce-
dure, (2) screening of donations in order to exclude
infectious donations and quarantining of batches of
plasma for 60 days, and (3) validated steps for elimin-
ation and/or inactivation of potentially infectious
agents. Using the procedures mentioned has resulted
in a high pathogen safety of currently available plasma
products. Indeed there has not been reported any
transmission of pathogens after IvIg infusion since
the early 1990s [45].

The costs of IvIg
The economical costs of IvIg are unfortunately high
due to the production process, which including
screening for and inactivation of pathogens, is com-
plex and expensive. In Denmark, the price for IvIg
paid by the hospitals to the manufacturers is approxi-
mately 48 euros/g. A patient with secondary RM and at
least four first-trimester miscarriages will in my clinic
receive seven infusions of 25 g IvIg, which cost 8400
euros. According to my PCTs [33,38], the treatment
will increase the live-birth rate from 23% to 58%. The
number of patients needed to treat (NNT) to achieve
one additional live birth can be calculated to 2.8 and
each live birth will thus cost 2.8 × 8400 = 23 520 euros.
This amount is only slightly higher than the cost for
each live birth after IVF/ICSI treatment provided that
60% of those starting treatment will end up having a
live birth and that they on average will need two treat-
ment cycles to achieve the live birth. IVF/ICSI treat-
ment is today a generally accepted treatment and in
Denmark and several other countries it is publicly
funded. If full documentation for the efficacy of IvIg
in subsets of RMcan be provided there is thus no reason
that this treatment should not be publicly funded too.

Possible mechanisms of action
of immunotherapy in RM
Initial theories proposed until 1990 claimed that
“unexplained” RM was caused by inability of the

patients to produce so-called antipaternal blocking
antibodies – this inability was thought to be due to
excessive sharing of HLA antigens between partners.
Neither the theories of excessive HLA sharing nor the
lack of blocking antibodies have been substantiated
and this has been used as an argument from the
opponents of immunotherapy for abandoning these
therapies [46,47]. However, recent research indicates
that the putative immunological background for many
cases of RM is much more complex than suggested by
the initial simple theories of an adverse alloimmune
response. The potential mode of action of immuno-
therapy in RM is thus much more multifaceted than
initially suggested.

In Table 16.2 are listed a number of plausible
theories trying to explain how active immunotherapy
with ALT and passive immunotherapy with IvIg may
work in the prevention of pregnancy loss. Several of
these theories have not been substantiated, for exam-
ple in my PCT of IvIg [33] it was not possible to detect
any short-term decrease in the levels of a series of
autoantibodies. Other mechanisms, for example
induction of apoptosis of activated lymphocytes or
establishment of donor cell microchimerism have so
far not been investigated in RM patients receiving ALT
or IvIg [31,48].

Conclusions
Overall, there is evidence that ALT increases the live-
birth rate by 30% in unselected RM patients and even
more in those with primary RM without auto- and
alloantibodies. Since it may pose potential short- and
long-term risks, patients must be thoroughly informed
of the potential risk and the limited benefit of the
treatment. More PCTs in the potential main target
group with primary RM should be undertaken to get
better documentation for the benefit and more infor-
mation about the optimal doses and methods of
administration and about harm effects. In my clinic
we have not offered ALT for the last 4 years since many
aspects of this treatment still need to be elucidated.

The current knowledge about IvIg treatment in
RM is based on seven very heterogeneous PCTs. As
discussed above, there are indeed many strong indica-
tions that IvIg display effects in subsets of RM patients
using the right protocols (Figure 16.2) [39]. The first
PCTs have provided enough information to enable us
to prepare a protocol for a new large PCT, which
would have a very good chance to document an effect.
A new PCT focusing on patients with secondary RM
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and using an IvIg infusion protocol associated with a
23.5% therapeutic effect in this subgroup should be
conducted and it may still be possible to recruit
patients to such a trial [33]. A new US/Canadian
PCT of IvIg in secondary RM is soon being concluded
and in my clinic we have now initiated a PCT of IvIg
focusing on the same patient subset. I am thus con-
fident that within 3–4 years the possible benefit of IvIg
in secondary RM will be unambiguously clarified.

Patients undergoing immunotherapy inside or out-
side PCTs should be monitored for changes of some of
the immunological biomarkers that have drawn atten-
tion during recent years (Table 16.2). Finding a signifi-
cant association between immunotherapy-induced
changes in these biomarkers and successful pregnancy
outcomewill be of importance for our understanding of
the mechanisms of action of immunotherapy in RM.
More knowledge is required about the pathophysiolog-
ical background of RM in order that both new and
traditional immunological interventions can be tested
in the right patients in the right way. In the future,
immunotherapy for RM may comprise interventions
that target the immune system more specifically than
the treatments discussed in this chapter: injections with
cytokines or cytokine inhibitors and treatments acting
locally in the uterus. Such treatments, in addition, have
the advantage that they do not pose any risk of infec-
tions. A long journey, however, remains before these
interventions have undergone adequate testing in PCTs
and before this is done, they should not be used in
clinical practice.
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Chapter

17 Endometrial receptivity
José A. Horcajadas

Summary
The development of endometrial receptivity is a pre-
requisite for successful embryonic implantation.
Receptive status is only acquired during a short period
of time in the mid-luteal phase, called the window
of implantation (WOI). During this time, centered
7 days after the endogenous peak of LH (LH+ 7), the
endometrial epithelium acquires a functional ability to
support blastocyst adhesion. To understand the basic
mechanisms implicated in endometrial receptivity,
researchers have investigated, during the last decade,
the molecular events in the endometrium using the
preferred molecular approach in animal and/or
human models. The development of microarray tech-
nology has made it possible to analyze the expression
of thousands of genes at the same time in a specific
sample. In the last 7 years, an uncountable number of
genes have been demonstrated to be regulated during
the WOI in humans. However, the search for a poten-
tial informative marker of uterine receptivity to
embryo implantation is still ongoing. This chapter
summarizes the hormonal regulation and molecular
bases of endometrial receptivity, its clinical implica-
tion and the possible models to study this complex
process and to develop functional assays in vitro.

Introduction
The human endometrium is a complex tissue and its
cyclic regulation requires the successful interaction of
a myriad of factors. This organ is hormonally regu-
lated, being non-adhesive to embryos throughout
most of the menstrual cycle in humans and other
mammals. The endometrium undergoes dynamic
reorganization during the menstrual cycle in prepara-
tion for implantation. If implantation does not occur,
the superficial layer is partially or completely shed and
remodeled for the next cycle [1]. In this environment,

endometrial receptivity refers to a hormone-limited
period in which the endometrial tissue acquires a func-
tional and transient ovarian steroid-dependent status
allowing blastocyst adhesion [2].

Endometrial receptivity has been studied from the
histological, biochemical and molecular point of view.
Morphological changes include modifications in the
plasma membrane [3] and cytoskeleton [4,5]. These
changes occur as part of the complex decidualization
process that takes place in the stromal compartment
[6] and endometrial vasculature. Moreover, several
biochemical markers for endometrial receptivity have
been proposed over the years [7] although so far none
of them has proved to be clinically useful.

The common classical approach to analyze this
process has been the “fishing” strategy: attempts to
determine a gene responsible for the receptive status
by a one-by-one approach, meaning that researchers
were focusing on a specific gene or a small group of
genes and studying it from different perspectives. The
recent advent of high-throughput microarray screen-
ing of the expression of human genes has permitted
a new approach for identifying changes in global gene
expression in a specific physiological or pathological
situation [8]. As a result, an enormous amount of
data is generated and the task of a researcher is to
identify the desired markers by eliminating the unre-
lated genes and revealing the interesting ones by this
elimination process.

This chapter focuses on the endometrial receptivity
process taking into account other important aspects
of the endometrial regulation, function and model of
study.

The endometrium as a tissue
The lining of the human uterus is a complex mucosa
composed of two major compartments: a germinal or
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basal layer (basalis), which persists from cycle to cycle,
and a transient superficial layer (functionalis). The
function of the latter is to accommodate the implant-
ing blastocyst and provide the maternal component of
the placenta. The tissue components of the endome-
trium are a lining surface of epithelium and associated
glands with a connective tissue stroma in which is
embedded an elaborate vascular tree. Endometrial com-
ponents’ features change along the menstrual cycle [9].

Cyclic changes of the endometrium have been well
described at the light microscopy level [1]. Although
some authors prefer to simplify the menstrual cycle
and divide it into two main phases, proliferative and
secretory, it is much more exact to consider three
different phases: the proliferative phase (days 5–14),
the secretory phase (14–28) and menses (days 1–4) if
no implantation occurs.

For more than 50 years, histological evaluation of
the endometrium has been the gold standard for
clinical diagnosis set on the basis of the morphologi-
cal observations of Noyes and colleagues [10,11].
The authors described the “specific” morphological
appearance of the different compartments of the
endometrium throughout the menstrual cycle. They
distinguished different phases of the cycle on the
basis of histological features and even endometrial
dating during the luteal phase. Here we present
basic histological features of the endometrium along
the menstrual cycle.

The early proliferative phase (days 5–7) is charac-
terized by straight, fairly undifferentiated glands with
circular cross-section lined by a columnar epithelium
with basally located nuclei. Their luminal diameter
(below 50 μm) changes little in the proliferative phase
and the height of the cells remains fairly constant
(around 21 μm). Few mitotic figures can be seen. By
the mid-proliferative phase (days 8–10) the endome-
trial glands are longer with slight tortuosity. Mitotic
figures are prominent and cells appear pseudostrati-
fied. In the late proliferative phase (11–14) the glands
appear with a marked tortuosity and wider lumena.
Pseudostratification increases and stromal edema
starts to be evident. During secretory phase (LH+2/3)
there is still a moderate degree of glandular and
stromal mitosis. The cells appear taller and less pseudo-
stratified than before. At LH+ 4 only occasional mito-
ses can be seen. Sub- and supra-nuclear vacuoles
within the gland cells are maximal on this day. Gland
cell size is also maximal on this day. At LH+ 5 mitosis
activity has ceased absolutely in glands although can be

visualized in stroma. Around 25% of the endometrium
is occupied by glands in this phase. At LH+ 7 the
gland cells contain little secretory material and have
acquired a low columnar to cuboidal appearance. This
is the point of maximal receptivity for clinical and
research purposes. The amounts of secretory product
within the glands and stromal edema are both max-
imal by day LH+ 8. In the last week of the secretory
phase there are few changes and they mainly occur in
stroma and blood vessels. The late secretory phase is
characterized by regression and glandular involution.
At day LH+ 10 stromal edema has decreased and at
LH+11 the stromal predecidual reaction is mainly
confined to the perivascular regions, but may also
extend to adjacent glands and there is lymphocytic
infiltration. By day LH+ 12 the predecidual reaction
extends to beneath the luminal epithelium. There is an
increase in the lymphocyte number. The predecidual
reaction is extensive on days LH+ 13/14, with a sheet-
like formation in the stroma. Stroma disintegration
and extravasation of erythrocytes are evident. If no
implantation occurs, shedding of the functionalis
layer of the endometrium ensues [9].

Regulation of the endometrial gene
expression profile
The human endometrium undergoes cyclical varia-
tion with every menstrual cycle during the reproduct-
ive years. The endometrial changes are driven by the
ovarian steroid hormones. Estradiol has a peak of
expression at the end of the proliferative phase and
progesterone starts to increase its concentration at
the beginning of the secretory phase, peaking on day
21 (Figure 17.1). These elicit their actions by binding
to specific high-affinity receptors, which, acting as
transcriptional factors, modulate the transcription
of a large number and variety of genes. Global gene
expression analyses performed along the menstrual
cycle have revealed a strong relationship between
molecular profile and hormonal regulation. The
major changes of gene expression levels occur in the
mid-secretory phase.

Both estrogen receptor α (ERα) and β (ERβ) are
expressed in the endometrium, being ERα dominant.
This receptor is present in both the epithelial glands
and stroma of the functionalis layer, with its expres-
sion maximal during the proliferative phase and
declining during the secretory phase. Epithelial ERβ
also decreases during the secretory phase but it is not
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detected in stroma. Progesterone receptor A and B are
co-expressed in endometrium. Their expression is
stimulated by estrogen during the proliferative phase
and downregulated by progesterone in the secretory
phase.

The coordinated action of steroids, acting through
their nuclear receptors, in the endometrial cells,
promotes the gene regulation of hundreds of genes,
inducing the formation of a receptive phenotype.
Endometrial cells undergo specific structural and
functional changes that allow the embryo to implant.
Detailed analyses, phase by phase, using microarray
technology are published by Ponnampalam et al. [12]
and Talbi et al.[13].

Markers of endometrial receptivity
For decades, a large amount of research worldwide has
been focused on the problem of finding a specific
marker(s) of uterine (endometrial) receptivity – bio-
markers that will predict functionality and that can
be useful for the diagnosis and treatment of couples
with infertility of endometrial origin. What are our
requirements for these markers? They have to be
present in fertile women with proven fertility during
the window of implantation, have to be (relatively)
easily measurable (preferably by non-invasive meth-
ods), correlate to successful implantation and be absent
or significantly reduced in infertile women with
unexplained (possible endometrial factor) infertility.

Histological dating
The first approach to assess uterine receptivity was the
histological dating by Noyes in 1950 [10], further
revised by the same authors [11]. These classic papers

have been the most quoted in our field, cited thou-
sands of times and followed as “the” diagnostic tool for
endometrial dating and endometrial research world-
wide. However, its accuracy and the functional rele-
vance of this system based exclusively on histological
observations as a predictor of receptivity have been
questioned in recent randomized studies [14,15].
Murray and colleagues have demonstrated that histo-
logical features solely have high interobserver, intra-
observer and intercycle variations [15]. The differences
between pathologists depend on the day of the men-
strual cycle when the endometrial biopsy is collected.
Also, this methodology does not have the capability
to discriminate between fertile and infertile couples
[14]. These studies suggest that new technologies
should be added for objective identification of endo-
metrial samples and the study of endometrial develop-
ment in health and disease.

Pinopodes and immunohistochemical
markers
With the advent of electron microscopy and immuno-
logical and molecular techniques, the number of
potential biomarkers has increased dramatically over
the last 20 years. The best recognized structure asso-
ciated with the receptive endometrium is the pino-
pode. These structural adaptations of the luminal
surface epithelium were first described in 1971 [16].
Nikas and colleagues reported that pinopodes are
expressed for only 1–2 days and the appearance of
these structures varies within the window of implant-
ation [17]. It has been reported that variability
between cycles and between patients and variations
in the temporal and spatial distribution argue against
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Figure 17.1 Profile of expression of the
hormones during the menstrual cycle.
A color reproduction of this figure can
be found in the color plate section.
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its usefulness as a specific biomarker of receptive
endometrium.

Immunohistochemical assessment of the endome-
trium has identified a large number of endometrial
proteins that present cycle-dependent expression
around the time of implantation. These proteins
show a controlled expression around day 20–24 of
the menstrual cycle in fertile women. Among them
are the 24 kDa heat shock protein [18], integrins
(αvβ3, α1β1), MUC-1, glycodelin, CD44, Leukemia
Inhibitory Factor (LIF), Heparin Binding EGF (HB-
EGF), HOXA-10, prolactin, IGF-II, Cadherin-11 and
calcitonin [19]. Other putative biomarkers of endo-
metrial receptivity have been studied because of the
results obtained with mouse knock-out (KO) models
such as Leptin, Basigin or p53 [20].

Gene expression markers
The strongest acceleration in the discovery of new
markers has occurred with the advent of DNA micro-
array analyses. DNA microarray technology is so far
one of the most widely used and potentially revolu-
tionary research tools derived from the human
genome project. This technique has been developed
within the last decade and allows the assessment of
the complete genomic expression profile in a given
biological sample in a single experiment [8].

The technique is based on the complementarity of
the DNA duplex and the capability of single-stranded
DNA to bind to solid supports such as nylon mem-
branes or glass. Usually, immobilized probes are
hybridized with labeled cDNAs. This labeling can be
carried out with fluorescence or radioactivity depend-
ing on the support chosen. There is a very wide range

of microarrays commercially available, separated
into two categories: cDNA arrays and high-density
synthetic oligonucleotide microarrays [21].

In reproductive medicine, researchers started a
race in this field and four studies on human endome-
trial gene expression were published in the period of
2002 and 2003 [22–25]. Two years later, another paper
on this topic was published [26]. Although all of these
studies used the same technology, many differences in
experimental design and data analysis require atten-
tion. These include the day of the menstrual cycle for
endometrial biopsy, the phases of the menstrual cycle
compared, patient-to-patient genomic variation, num-
ber of endometrial biopsies and pooling or not pooling
the isolated RNA (see Table 17.1). Furthermore, differ-
ent data analysis and statistical methods were
employed for considering a gene regulated. Four of
them established a minimal two-fold increase to con-
sider gene regulation evident. However, our group
considered a more stringent criterion of a three-fold
increase, and samples were obtained from the same
patient on 2 different days of the menstrual cycle. This
approach minimizes biological variability between
samples [25].

All the studies focused on endometrial receptivity
have generated long lists of genes with known and
unknown potential roles in this critical process. The
differences indicated in study designs and methodolo-
gies are reflected in the lack of a large list of consensus
genes. Strikingly, only one gene, i.e. osteopontin, was
consistently upregulated in all five studies at the time
of implantation. There are several important mol-
ecules highlighted by their presence in four of five
papers. Some of them are proteins previously identi-
fied in the endometrium with or without a described

Table 17.1 Different studies performed at the time of implantation in human using wide genomic analysis.

Study Samples RNA
pooled

First sample
(day of cycle)

Second sample
(day of cycle)

Fold
change

UP DOWN

Kao et al. [23] 11 No Prolif. phase (8–10) LH+(8–10) (21–23) >2 156 377

Carson et al.
[22]

6 Yes LH+(2–4) (15–17) LH+(7–9) (20–22) >2 323 370

Borthwick
et al. [24]

10 Yes Prolif. phase (9–11) LH+(6–8) (19–21) >2 90 46

Riesewijk
et al. [25]

10 No LH+2 (15) LH+7 (20) >3 153 58

Mirkin et al.
[26]

8 No Early-luteal (16) Mid-luteal (21) >2 49 58
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function. Genes were involved in lipid metabolism
(apolipoprotein D), immune response (decay acceler-
ating factor for complement, serine or cysteine pro-
teinase, interleukin (IL)-15), regulation of cell cycle
(growth arrest and DNA-damage-inducible, alpha),
ion binding (annexin IV) or enzymes with different
functions in different tissues (monoamine oxidase A).

In an attempt to create a user-friendly list of key
genes, we decided to compare the results obtained in
three different situations that included fertile condi-
tions (natural cycle) [27], subfertile (COS) [27] and
refractory conditions (IUD) [28]. After comparison
of the three studies, we found that they only shared
25 WOI genes (Figure 17.2). Interestingly, all of them
were regulated in one sense in the natural cycle, and on
the contrary in COS and IUD (dys-regulated).
However, it is not possible to assign the role of magic
molecule in implantation to any of those molecules
[29]. Endometrial receptivity has to be understood
as a complex process produced by many genes in a
coordinated way.

Endometrial receptivity as a global
process
The significant histological, biological and physio-
logical features that occur in the endometrium through-
out the menstrual cycle are ultimately the result of
changes that occur at the gene transcription level,
together with post-transcriptional modifications and
epigenetic changes. Endometrial receptivity at the
time of embryonic implantation is a crucial moment
of the menstrual cycle with a fundamental relevance

and its understanding has been one of the main goals
for researchers working in human reproduction.

Most of the laboratories have their favorite pro-
tein or molecule and have tried to elaborate its func-
tion in endometrial receptivity. But, at the moment,
functional studies have not demonstrated the exist-
ence of a magic bullet for human endometrial recep-
tivity as we have mentioned previously. Probably, we
will never be able to understand this complex process
with the narrow focus of one gene, because it is the
result of an equilibrated expression of many genes
that conform to pathways. For this reason, our labora-
tory, has analyzed the development of the luteal
phase day by day (Figure 17.3) and we have com-
pared the results with the ovarian-stimulated cycles
performed in IVF clinics [30].

In order to understand how cellular functionalities
are activated and deactivated along the WOI in natu-
ral and stimulated cycles, we analyzed their corres-
ponding temporal functional profiles. To that end,
we used the first day as reference and we compared
each subsequent day to this reference time by a gene
set enrichment analysis, as implemented in the
FatiScan tool of Babelomics [31]. Many over-
represented biological terms were shared in both nat-
ural and COS categories, particularly on days + 3 and
+ 5, suggesting a similar development on the first days
of the WOI. On day + 7 however, the natural cycle
showed a higher number of over-represented biologic-
al terms, such as localization, response to external
stimulus, locomotion, response to biotic stimulus and
others [30]. Interestingly, most of these GO terms are
not present in the transition from day hCG+ 5 to
hCG+ 7 in COS cycles. Only two GO terms are con-
served in the transition from the pre-receptive to
receptive state in natural and COS cycles; these terms
are the response to the stress and cellular physiological
process.

We also found similarities in the biological
terms under-represented in the pre-receptive endome-
trium, except on day + 7 when more differences were
observed. On day + 7, no common biological term was
identified in natural and COS cycles. Furthermore,
some terms appeared to be under-represented in
hCG+ 7 of COS cycles, such as response to external
stimulus or organismal physiological process, which
are over-represented in LH+ 7 of natural cycles [30].
These results show that we can consider a function or a
dysfunction taking into account a gene, a couple of
genes or a small number of genes. Endometrial
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Figure 17.2 Venn diagram comparing the three studies performed
in our laboratory at the time of implantation in natural cycle [27], in
COS [27] and in the presence of an inert IUD [28] to find the
consensus genes in endometrial receptivity (with permission).
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receptivity is a complex process in which every regu-
lated gene contributes to the global process in a par-
ticular manner.

New methods for endometrial
receptivity studies
The main techniques used to study the features of the
receptive endometrium include microscopy for endo-
metrial morphology [32], quantitative PCR, in situ
hybridization and gene expression microarrays for
gene expression in endometrial biopsy [29]. Other
approaches have analyzed the proteomics and meta-
bolomics of endometrial biopsies or endometrial
flushings or secretions [33].

It is evident that evaluation of endometrial func-
tion must include new technologies. The histological
studies previously discussed [14,15] suggest that new
technologies should be added for objective identifi-
cation of biological samples (biopsies or flushing)
and the study of endometrial development in health
and disease.

During the last 10 years many researchers have
tried to create an objective and modern tool for endo-
metrial evaluation. However, those kits currently com-
mercially available have not demonstrated to be
sufficiently useful for clinic use. Last year, our labora-
tory presented the ERA (Endometrial Receptivity

Array) [34]. During the last 5 years and using a
whole genome microarray we analyzed the differential
gene expression profile of endometria at LH+ 1,
LH+ 3, LH+ 5 (pre-receptive phase) versus LH+ 7
(receptive phase) by a t-test. A list of 738 probes
representing 293 genes was selected to create our
ERA according to very strict criteria. The functional
sense of these genes was assessed by FATIGO-GEPAS
[31]. A significant number of these genes are impli-
cated in the response to stress, defense response and
cell adhesion. This molecular method that lists a gene
selection for endometrial receptivity offers a new
objective tool for endometrial diagnosis. We are now
in the functional validation of this array using endo-
metrial samples with specific pathologies such as
implantation failure, endometriosis and others. While
this model could be a useful tool for clinic use, the
future of endometrial evaluation has to be directed to
non-invasive methods such as endometrial fluids or
serummarkers. Researchers are now working on these
two lines of investigation to provide non-invasive
diagnostic tools.

An alternative approach to studying endometrial
receptivity and also embryonic implantation has
been culture models. We can divide these models
into explants, monolayer cultures, co-cultures and
three-dimensional cultures. Organ explants would
appear to provide perfect models for mimicking the
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analysis of human endometrium
throughout the development of the
secretory phase (after the endogenous
pick of LH) in natural cycle (adapted from
Horcajadas et al. [30]). A color reproduction
of this figure can be found in the color
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in vivo environment, as the three-dimensional struc-
ture and integrity of the endometrium is preserved
and all layers of the endometrium are included.
Landgren et al. [35] developed a model using endo-
metrial biopsies taken 4, 5 and 6 days after the LH
peak from healthy women with normal regular men-
strual cycles. It was used for placing embryos on the
lining epithelium of the explant within 3 hours of the
biopsy being taken. Monolayer culture consists of
single cultures of endometrial epithelial cells in flasks
and wells. These cultures can be performed using
primary cell culture coming from endometrial biop-
sies or established endometrial epithelial cell lines.
These cultures have been used mainly for studying
the response to drugs and for embryo adhesion assays
[5]. A co-culture consists of a separated but commu-
nicated culture of epithelial and stromal endometrial
cells. This has been used to get high rates of blastocyst
formation in a clinical setting, especially as a salvage
treatment option in couples with repeated implanta-
tion failures [36,37]).

The ultimate in vitro model to study endometrial
receptivity and embryonic implantation therefore
would contain all the cell types of the endometrium
(epithelium, stroma, endothelial and immune cells) so
that the complex interactions between the maternal
tissue and the blastocyst could be characterized.
However, mimicking the physiological three-
dimensional architecture of the endometrium is
clearly a challenge. Several approaches have been
reported, consisting of layers of epithelial and stromal
cells grown in and below tissue culture well inserts
(reviewed in Mardon et al. [38]. One arrangement
consists of endometrial stromal cells seeded into a
collagen type I gel in culture well inserts, on top of
which there is a thin layer of Matrigel, and upon
which endometrial epithelial cells are seeded. In a
second model stromal cells are seeded into a culture
well below the insert, and epithelial cells are plated
on the surface of Matrigel in the insert described. A
third configuration consists of stromal cells seeded
into a mixture of collagen type I and Matrigel, and
epithelial cell clumps placed on the surface. However,
human studies using the three-dimensional models in
conjunction with blastocysts are still very limited but
constitute part of the future in endometrial receptivity
investigation. Clinically, co-culture systems may pro-
vide means of developing novel culture media, over-
coming recurrent implantation failure and deepen
the knowledge of the molecular basis of endometrial

receptivity while on the other hand providing a tool
for developing new contraceptive agents.

Conclusions
The molecular basis of endometrial receptivity and of
the reciprocal interactions that occur between the
blastocyst and the endometrium are still poorly under-
stood [39,40]. Temporally, the window of implanta-
tion in the human appears to be restricted between
cycle days 20 and 24 [41]. Spatially, although the whole
endometrium shows changes at gene expression level,
the receptive endometrium is restricted to a specific
area [42]. Researchers have found many molecules
whose expression is directly related with receptive
status. Gene by gene analyses and microarray technol-
ogy have produced huge amounts of data. However, it
has been demonstrated that endometrial receptivity
does not depend on a single molecule. All the func-
tional genomic studies have shown that endometrial
receptivity is a very complex process, in which an
uncountable number of genes are involved. These
works have also demonstrated that a limited number
of candidates are always present and endometrial
receptivity could be explained with their modifica-
tions. Now is the time to learn about what the genomic
era can add to our understanding of human endome-
trial receptivity. Future directions in endometrial
receptivity studies will also require complementarity
with proteomics and functionomics. Although non-
primate animal models have distinct advantages in
economic and temporal cost, with vast amounts of
genetic information and the ability to be genetically
modified, they remain inherently limited in their
ability to elucidate the physiological mechanisms
of endometrial receptivity. However, studies on non-
human primates have shown high fidelity to human
implantation, suggesting their potential as models
for investigation in endometrial receptivity, embryo
implantation and early pregnancy.
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Chapter

18 Clinical assessment of the endometrium
Kristin Holoch and Bruce A. Lessey

Introduction

Historical perspective
Endometrium lining the uterine cavity develops from
Müllerian anlagen, and consists of epithelial, stromal
and vascular elements that undergo complex patterns
of growth and differentiation eachmonth of reproduct-
ive life, in anticipation of pregnancy [1]. As an inter-
face, the endometrium maintains a role in immune
surveillance and is also a conduit for spermatozoa
from the vagina to the fallopian tubes. The endome-
trium represents an endocrine organ, a site of active
leukocyte trafficking and one of two sites in adults
where angiogenesis normally can be found. The endo-
metrium undergoes monthly and predictable develop-
mental cycles in response to ovarian steroids. By virtue
of these many attributes, the endometrium presents
many opportunities for clinical assessment related to
its function. Assessment of the endometrium has
become a focus of the diagnostic workup for infertility,
pregnancy loss and abnormal uterine bleeding, which
together account for over half of all medical visits by
reproductive aged women.

The study of the uterus dates back at least 2400 years.
Hippocrates (460–377 BC) first mentioned the uterus as
a cavernous structure. As recently reviewed by Okulicz
[2], Aristotle described the human uterus as bicornuate.
It was not until the early second century AD that
Soranus of Ephesus correctly described the anatomy of
the uterus. In the fifteenth century Vesalius produced
detailed drawings of the uterine anatomy and during
this time, Leonardo da Vinci produced a classic drawing
of the pregnant uterus in 1489, opened to show the
fetus and placenta in situ (Figure 18.1).While the pri-
mary function of the uterus relates to childbearing, a
detailed understanding of its diverse physiology has
been revealed only during the last century of study.

Endometrium lines the inner surface of the myo-
metrium and is a steroid hormone target tissue, like
the breast and prostate. The endometrium undergoes
almost continuous developmental changes starting at
menstruation, thickening in response to follicular
estrogen, and becoming receptive toward embryo
implantation in response to progesterone following
ovulation and formation of a corpus luteum [3]. Easy
access to the endometrium has fostered early interest
and facilitated research related to its function.
Markee’s classic experiment in which cycling endo-
metrium was transplanted to an intraocular location
in primates provided direct observations related to
menstruation [4]. In the early 1950s, Noyes and
colleagues established the initial histological dating
criteria for assessment of endometrial development.
Those criteria led to the concept of luteal phase defect
(LPD), a hypothetical disorder first suggested by
Georgina Seegar Jones in 1949. The diagnosis of LPD
evolved from other early studies [5,6], although not
without significant controversy and debate [7]. It
remains one of the most studied areas of endometrial
assessment and yet is still an enigma of uncertain
clinical importance [8].

Infertility and recurrent pregnancy loss are
often attributable to implantation failure [9–12]. The
success of an early pregnancy requires synchronous
interactions between the endometrium, corpus
luteum and embryo; delayed implantation for any
reason might contribute to implantation failure
[13,14]. Up to one half of all pregnancy failures dur-
ing in-vitro fertilization (IVF) cycles are thought to
be due to defects in uterine receptivity [12], although
embryo quality takes on greater importance as
women age [15]. To interpret endometrial changes
associated with implantation failure, the timing of
implantation first had to be established.

Early Pregnancy, ed. Roy G. Farquharson and Mary D. Stephenson. Published by Cambridge University Press.
© Cambridge University Press 2010.
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During the 1950s, Hertig and colleagues examined
hysterectomy samples from newly pregnant women;
they identified and classified 34 embryos (eight free-
floating before day 19 of the menstrual cycle and 26
attached, all after day 21) [16]. Not only did this land-
mark study suggest that a window of implantation
existed, but it allowed these investigators access to
early nidation sites, greatly advancing the field of
implantation in humans. Other studies followed that
further defined and refined the timing of endometrial
receptivity [14,17–19].

With the availability of specific mono- and poly-
clonal antibodies, immuno-histochemistry supplanted
histologic dating alone and this remains an active
avenue for endometrial receptivity research [20–23].
In the last 10 years, DNA microarray techniques and
other advanced molecular techniques have dramati-
cally increased the number of candidate biomarkers
of endometrial receptivity [11,24–26]. The use of
non-invasive techniques including ultrasound, serum
markers or the use of proteomics also promises to keep

endometrial assessment in the foreground and an
active area of research well into the future. The pur-
pose of this chapter is to review available literature on
the clinical assessment of the endometrium and to
focus on those tools available to diagnose and treat
both infertility and pregnancy loss.

Implantation window and defects
in uterine receptivity
The mechanism of implantation varies widely between
species, reflecting the evolving conflicts between mater-
nal and embryonic interests [27,28]. Hemochorial pla-
centation as found in human and the higher primates
begins with an initial interaction (apposition) between
the embryo and thematernal endometrial lining [29,30].
Surface (luminal) epithelium of the endometrium is
a barrier to embryo implantation throughout much of
the menstrual cycle. Endometrial receptivity is acquired
during themid-secretory phase in normal fertile women
and occurs about one week after ovulation, reflecting the

Figure 18.1 Study of a womb, c. 1489
by Leonardo da Vinci.
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acquisition of appropriate recognition factors and
secretory proteins that permit and facilitate embryo–
uterine adhesion, embryonic survival and subsequent
invasion [31,32]. A concept of receptor-mediated
implantation in humans is now well established
[33–36] although epithelial–epithelial interaction at
the apical surfaces between embryo and endometrium
has long been described as a paradoxical event [37].
Attachment is an ephemeral process followed quickly
by intrusive probing by the embryonic trophoblast
[38], giving way to trophoblast invasion, along the loos-
ened lateral luminal cell surfaces, digesting its way
through the basement membrane into the underlying
stroma (decidua) [39,40]. Based on classic studies, esti-
mation of the window of endometrial receptivity
extends from post-ovulatory days 6–10 (corresponding
to cycle day 20–24).Wilcox and colleagues confirmed
the timing of this window in normal fertile women
and demonstrated that delayed implantation resulted
in a higher risk of miscarriage [14].

If synchrony between the endometrium, ovary and
embryo is essential, then histology delay in the endo-
metrium could extend the time of non-receptivity and
provide an explanation of how infertility and preg-
nancy loss occur. Jones was the first to suggest that
endometrial inadequacy might be a cause of infertility
or early pregnancy wastage [41]. While progesterone
insufficiency and retarded histology was the primary
and initial focus of investigations into endometrial
receptivity defects, biochemical changes within the
endometrium that are independent of histology also
appear to contribute to poor reproductive outcome.
In the 1990s it was widely reported that women with
tubal disease and hydrosalpinges exhibited reduced
implantation rates in the IVF setting [42–44]. This
defect was treatable; salpingectomy reversed this defi-
cit and improved subsequent implantation rates
[45,46].

Endometriosis is a second condition associated
with implantation defects that can also result in
lower IVF success rates [47]. Aberrant expression of
endometrial biomarkers in the endometrium of
hydrosalpinx and endometriosis patients has been
reported, suggesting that the endometrium is some-
how affected by hydrosalpinx fluid or the inflamma-
tory changes that accompany endometriosis [48–57].
Understanding how tubal fluid or peritoneal disease
interferes with the establishment of endometrial
receptivity is a separate question and beyond the
scope of this review.

Endometrial assessment

Endometrial histology
Nearly 60 years ago Noyes and colleagues first
described the criteria for endometrial dating [58].
Published as the first article in the first issue of
Fertility and Sterility, this seminal article remains
one of the most cited papers in the gynecological
literature [59]. The initial study was carried out on
endometrial biopsies obtained from infertile women.
By definition, therefore, these tissues probably did
not represent normal endometrium. The histological
features used for endometrial dating are shown in
Figure 18.2; in fairness these were presented as an
idealized representation and can not be expected to
have meaningful accuracy when applied to an indivi-
dual case. Variability in these criteria between subjects
and between observers produces unacceptable results
that precludes accurate prospective chronological
assignment of progression through the menstrual
cycle [60,61]. Nevertheless, these criteria have been
learned and applied as the primary tool for endome-
trial assessment over the past 60 years, despite their
shortcomings.

The true incidence of LPD in fertile and infertile
women remains uncertain, but is likely a common
finding in both groups of women. In one study 4%
of 1630 women evaluated for infertility had docu-
mented LPD, while no cases were identified in fertile
women seeking tubal anastomosis [62]. Li and col-
leagues reported that 14% of infertility patients had
LPD compared with only 4% of fertile controls [63].
Interestingly, this group found that women with
endometriosis and unexplained infertility had signifi-
cantly higher rates of LPD than women with other
infertility diagnoses. Others have noted a wide range
of LPD detection rates (1.9% to 60%) among infertile
women [64]. Much of this variability derives from the
subjective nature of reading biopsy material and the
variability that changes depending on the cycle stage
when the biopsy was obtained [65].

Technological advances during these past 60 years
also changed the way histological dating criteria are
applied. Before the availability of urinary LH surge
predictors, endometrial biopsies were obtained late in
the secretory phase and chronology determined by
counting backwards from the next menstrual flow.
Controversy also exists regarding how many days the
endometrial biopsy need be delayed in order to be out
of phase. Davis and colleagues reported an incidence
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Figure 18.2 Endometrial dating criteria of Noyes et al. [58]. The patterns shown represent an idealized representation of the changes
in endometrial cell characteristics throughout the secretory phase of the menstrual cycle.
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of LPD in 26.7% of patients using a 2-day lag versus
6.6% if a 3-day lag was used [66]. Two consecutive
out-of-phase biopsies are required to confirm the
diagnosis of LPD. Studies of repeat biopsies found a
second out-of-phase biopsy was highly variable, rang-
ing from 20–80% out of phase [7]. As endometrial
biopsies are uncomfortable for patients and could
potentially disrupt a pregnancy, this uncertainty and
need for repeat biopsies becomes less practical for
routine assessment of the endometrium. Finally, evi-
dence now suggests that endometrial receptivity
can be abnormal even in the presence of normal his-
tology [52,67,68]. Biochemical derangements in the
endometrium that exist without histological delay
greatly expand the possibilities of using the endome-
trium as an indicator of reproductive health [69].

Hormonal assessment
Surrogate measures of endometrial receptivity have
long been sought. Serum progesterone measurements
are a mainstay of hormonal assessment to document
ovulation and appear to correlate well with endome-
trial biopsy results [70–72]. The corpus luteum (CL)
arising from a vacated follicle survives up to 14 days
in a non-conception cycle. Deficiencies in progester-
one leading to pregnancy loss or infertility could arise
as a result of suboptimal follicular development [73].
Strott and colleagues showed that women with a
short luteal phase exhibited reduced gonadotropin
levels and LH surges of reduced magnitude [74]. The
CL normally depends on a tonic level of LH secretion
from the pituitary. In non-human primates, inacti-
vation of LH using antiserum caused a prompt decline
in circulating progesterone levels [75]. Similar
decreases in progesterone levels were seen in women
following administration of GnRH antagonists [76].
Progesterone is secreted in pulses, corresponding to
the LH pulse frequency [77]. Changes in the pulse
generator could theoretically alter progesterone secre-
tion, leading to LPD. Soules et al. observed reduced
LH concentrations at mid-cycle in women with docu-
mented LPD [78]. The major shortcoming of hormo-
nal measurements arises if endometrial receptivity
defects are independent of circulating progesterone
levels [52,67].

Since the hormonal milieu can indirectly alter
endometrial function, evaluation of women with infer-
tility or recurrent pregnancy loss should also include
assessment of the pituitary (prolactin and TSH),

adrenal (testosterone and DHEA-S), and assessment
of estradiol and FSH to evaluate ovary reserve. In
addition, in patients with obesity or polycystic ovary
syndrome (PCOS), assessment of insulin or androgen
levels may also be indicated. Endocrinopathies like
PCOS can disrupt hypothalamic–pituitary–ovarian
function leading to alterations in the endometrium
that contribute to implantation failure [79,80]. Direct
effects of androgens or insulin may render the endo-
metrium non-receptive [81–85]. Hyperprolactinemia,
in particular, is associated with the disruption in
GnRH pulsatility and reduction in ovarian steroid
production [73]. Higher elevations in prolactin lead
to anovulation, while subtle elevations in this hormone
can indirectly disrupt endometrial function; a short-
ened luteal phase is associated with mildly elevated
prolactin. Daly et al. reported 16% of women with
LPD also had hyperprolactinemia [86]. Increased
levels of androgens are also associated with LPD and
alterations in endometrial function. Women with
polycystic ovary syndrome (PCOS) and hyperandro-
genism have poor reproductive outcome, including
miscarriage and infertility, due to their underlying
hyperandrogenism or hyperinsulinemia [87], though
not all studies agree [88–90]. Identification and cor-
rection of endocrinopathies remain an important
part of the work-up for any woman with suspected
implantation failure.

Progesterone is critical to the success of an early
pregnancy [91], reflected in its direct stimulatory
action on key endometrial proteins [17,20,24,55,92–
100]. Progesterone also downregulates endometrial
steroid receptors (ER and PR) during the mid-
secretory phase, resulting in three distinct patterns
of endometrial gene expression in response to the
combined effects of steroid hormones and changing
receptor patterns [26]. Either inadequate progesterone
or secondary progesterone resistance [67] can account
for alterations in steroid receptor downregulation
noted in the endometrium of some women with infer-
tility. Persistent estrogen or progesterone receptors
during the mid-luteal phase would alter that balance
of estrogen and progesterone-mediated effects, and
change the paracrine dynamics that underlie the
acquisition of endometrial receptivity [55,96]. Thus,
steroid receptors or the enzymes that metabolize
steroids have been suggested as useful tools for the
assessment of endometrial function [96,101–103].
Abnormalities in endometrial maturation [73] or dif-
ferentiated function [67,104] would also be a
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consequence of reduced progesterone action. While
these concepts appear sound, recent data suggest that
the endometrium of women with infertility may be
fundamentally different from that of normal fertile
women; progesterone resistance may be an acquired
defect in certain types of infertility (e.g. endometrio-
sis). It appears that in normal endometrium, artifi-
cially lowered progesterone levels during a mock
luteal phase failed to demonstrate observable effects
on endometrial function and did not result in any
delay in histology based on endometrial biopsy [8].
Such tantalizing data hint at the complexities that exist
in different subsets of women and may explain the
paradoxical reports that exist in the literature regard-
ing assessment of the endometrium.

Endometrial ultrastructure
Glycocalyx
Initial interaction of the embryo with the endome-
trium occurs at the apical surface of the luminal epi-
thelium [32,105,106]. Like the growing embryo that
must hatch from its zona pellucida to expose surface
receptors and/or adhesion molecules, the surface of
the differentiating endometrium also undergoes
changes that render it receptive to embryonic interac-
tion. In rabbits, the surface epithelium undergoes dif-
ferentiation with a loss of surface negativity and
changes in the luminal glycocalyx [107]. Similar
changes were noted in rat endometrium [108],
although the precise basis for these changes in mor-
phology were not initially understood. The glycocalyx
was the first stage-specific alteration that coincides
with establishment of endometrial receptivity. Initial
characterizations included lectin-binding affinity
studies [109], and similar changes were described
on the embryonic epithelium, coincident with the
acquisition of adhesiveness [110,111].

Glycocalyx is predominantly made up of the endo-
metrial mucin, Muc-1 [112]. Mucins are high mol-
ecular weight glycoproteins with a protein core that
contains tandem repeat domains enriched in serine,
threonine and proline residues, attached to O-linked
carbohydrate moieties. They may play a role in pro-
tecting the upper reproductive tract from bacterial
colonization. In most species, Muc-1 appears to be a
barrier to implantation. In the rabbit, Muc-1 is up-
regulated by progesterone but removed at sites of
implantation by actions of the blastocyst [113]. In the
mouse and rat, Muc-1 is downregulated at the time of

implantation [114,115]. In human endometrium,
Muc-1 is present throughout the menstrual cycle,
making its role during implantation somewhat enig-
matic. One study suggested that Muc-1 is differentially
expressed on ciliated cells [55]. Muc-1 also provides
scaffolding for cell adhesion proteins that may be
required for embryo attachment [116]. For more
information on Muc-1’s role in endometrial biology,
see Carson et al. [33].

Pinopods and ultrastructural organelles
Pinopods (translated from “drinking foot,” also
known as pinopodes, uterodomes) are bleb-like pro-
jections from the lumen surface of the endometrium
(Figure 18.3A,B). These ultrastructural features were
first described as markers of a receptive endometrium
in the rat uterus [117]. The name derives from the fact
that pinopods had pinocytotic activity in the rat
uterus, taking up ferritin injected into the uterine
cavity. Similar structures were subsequently described
in human endometrium [118–125] and proposed as
markers of receptivity. Although pinopods do not
apparently possess pinocytotic activity in the human
endometrium [126], these structures are similar in
appearance to those described in the rat. While best
viewed by electron microscopy, pinopods can be seen
by light microscopy alone, using a 40× objective in
formalin-fixed, paraffin-embedded sections [119,127].
Investigators have described pinopod expression in
both fertile and infertile women [124,125,128–135]
and in vitro in endometrial culture where they appear
to be a preferred site for embryo attachment
(Figure 18.3C) [136,137]. The putative value of pino-
pods is their temporal association with the window of
implantation. The assessment of pinopod expression is
arguably subjective; given the evanescent pattern of
expression lasting only 1 or 2 days, absence of pino-
pods could occur if a biopsy was obtained even 1 day
too early or late. In contrast to earlier reports, two
prospective randomized studies did not confirm the
expected pattern of pinopod expression [138,139]; a
third study found no association at all between pino-
pods and the window of implantation [140]. Pinopod
shape changes during the secretory phase [141], becom-
ing “uterodomes,” a name proposed by Murphy [142]
which may contribute to these divergent views of pino-
pod timing. The location of pinopods on the apical
surface of mid-secretory endometrium suggests a role
in embryo/endometrial interaction. These expanded
blebs of plasma membrane are the site of integrin
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expression [130] coinciding temporally and spatially
with expression of other key endometrial biomarkers
including LIF, glycodelin, osteopontin and galectin-9
and galectin-3, L-selectin ligands and decay accelerating
factor (DAF) (Figure 18.3D) [143–149]. Endowed with
these key endometrial proteins, pinopodsmight serve as
an important site of endometrial–embryo interaction,
elevating a receptive luminal surface toward the
implanting blastocyst. In addition, specialized surfaces
on pinopods provide a potential explanation to the
epithelial–epithelial paradox, previously raised by
Denker [37].

Another feature of receptive endometrium are the
nucleolar channel systems (NCSs). These are intra-
nuclear organelles first described in transmission elec-
tron microscopy [150]. These channels are composed
of more than 30 nucleoproteins that represent exten-
sions of the endoplasmic reticulum through the
nuclear pores, with proposed enzymatic roles within
the nucleolus. The relevance of NCSs to this chapter
relates to their association to the mid-secretory phase.
Guffanti and colleagues recently described NCSs in
both fertile and infertile women as being present
only during a six-day period corresponding to the
window of implantation between cycle day 19–24
[151]. The expression of these structures appears to
be hormonally dependent and they were not observed
in patients treated with high estrogen and low proges-
terone stimulation. It will be interesting to see data on

NCSs in infertile patients and to determine if they are
indeed useful markers of receptivity. Based on other
findings, NCSs could be lacking in women with endo-
metriosis due to poor endometrial response to proges-
terone and an exaggerated response to estrogen
reported in the endometrium of these women [67,102].

Endometrial imaging
Imaging techniques are important for the clinical evalu-
ation of the uterus and endometrium [152–155].
Women with a history of infertility, recurrent preg-
nancy loss or those with abnormal uterine bleeding
or suspected intrauterine pathology seeking medical
help should be offered ultrasound imaging. Although
diagnostic and operative hysteroscopy are considered
the gold standard for endometrial evaluation, cost
and relative invasiveness of operative procedures
makes transvaginal ultrasound, with or without color
Doppler and three-dimensional imaging a favorable
alternative screening modality. More advanced (and
costly) imaging methods, including magnetic reso-
nance imaging (MRI) have also been advocated. In
this section we will review the clinical usefulness of
imaging techniques for the clinical assessment of the
endometrium.

Ultrasound, Doppler flow and MRI
Transvaginal ultrasound is readily available in most
practitioners’ offices and offers a convenient method

Figure 18.3 Pinopods are present
throughout the secretory phase but appear
to undergo changes that reflect
developmental progression. In the
proliferative phase, few pinopods are seen
(A). In the mid-secretory phase, pinopods
become apparent, extending from the
luminal epithelium (B). In vitro studies show
that human embryos are capable of
interacting with the pinopods, in support
of their function during implantation
(C). Pinopods can be visualized under light
microscopy (D). Here the tips of pinopods
are decorated with osteopontin, a ligand
for the ανβ3 integrin, containing the
arg-gly-asp (RGD) sequence thought to
play a role during implantation. Panel C
used with permission (Bentin-Ley et al.,
1999 [137]).
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to assess endometrial thickness, contour and pelvic
anatomy. Ultrasound is a sensitive method to identify
abnormalities that could interfere with embryo
implantation or cause abnormal uterine bleeding in
pre- or post-menopausal women. Compared to lapar-
oscopy, ultrasound has been reported to have a sensi-
tivity of 86%, a specificity of 98%, a positive predictive
value of 99%, and a negative predictive value of 79%
for detection of pathology [155]. Ultrasound has been
primarily used to measure endometrial thickness,
echogenicity and uterine blood flow. Advanced tech-
niques also include three-dimensional ultrasound
with or without sonohysterography.

The endometrium thickens during each cycle in
response to follicular estrogen production by the
ovary (Figure 18.4). During the proliferative phase
the endometrium typically starts as a thin line
(Figure 18.4A) but grows to a thickened strip with a

trilaminar appearance (Figure 18.4B). Endometrial
thickness is measured at the endometrial–myometrial
interface through the sagittal plane of the uterine
body, 1 cm from the fundus [156]. Errors in endome-
trial thickness measurements can occur if an oblique
section of the uterus is captured or if the uterus is not
imaged along its entire length to achieve maximal
fundal endometrial thickness. Limitations to transva-
ginal ultrasonography exist, since polyps or other
intracavity lesions can be difficult to visualize and
falsely increase the perceived endometrial thickness.
Anovulatory women, especially women with long-
standing amenorrhea and hyperandrogenism, may
have hyperechoic linings that reflect the abnormal
hormonal milieu and polycystic ovaries
(Figure 18.4C, D). Thickness may vary depending on
the type of stimulation; IVF cycles sometimes have
greater endometrial thickness than untreated or IUI

Figure 18.4 Ultrasound is a useful tool for the evaluation of endometrium and uterine pathology. Endometrial thickness begins as a thin line in
the proliferative phase (A) but rapidly grows to a thick, trilaminar appearance in most women (B). In some women, the echogenicity of the
endometrium is abnormal. Although the secretory phase reflects this hyperechoic pattern somewomen with hyperandrogenism and polycystic
ovary syndrome can also have inappropriately echogenic endometrium during the proliferative phase (C). In this case, polycystic appearing
ovaries were also present (D).
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cycles [157]. Despite the dependence on steroid hor-
mones, studies suggested that endometrial growth
does not always correlate well with hormone levels
[158], and that neither thickness nor echogenic pattern
correlated well with endometrial histology [159].

A relationship between endometrial thickness and
pregnancy has been well studied, but reports vary
widely about the significance of this correlation [156].
Some investigators found that thin endometrium is
associated with a poor outcome or reduced pregnancy
rates [158,160–163], while others found no predictive
value of endometrial thickness [157,164,165]. A thicker
endometrium was associated with positive pregnancy
outcome in early IVF studies [166–168], and in cycles
where conception occurred, endometrial thickness was
reported to increase, while it did not in non-conception
cycles [169]. Friedler reviewed 25 reports, comprising
2665 ART cycles, and found that eight reports reported
endometrial thickness to be a statistically significant
factor in achieving conception, and 17 reports showed
no significant difference in endometrial thickness [156].
A recent prospective study found that endometrial
thickness was of limited value for clinical assessment
to predict IVF outcome [170]. One explanation for the
inconsistency of these reports is the difference in quality
of IVF programs. When all other factors are optimized,
endometrial thickness (or thinness) may not be such a
barrier to implantation.

Endometrial characteristics by ultrasound also
include examination of echogenic patterns. Smith
et al. [171] proposed four types of endometrium.
Gonen and Casper simplified this classification to
three types [172]. Type “A” endometrium has an
entirely homogeneous and hyperechogenic pattern
without a central echogenic line (Figure 18.4C).
Type “B” is classified as an intermediate isoechogenic
pattern that has no echogenic line and more than
50% but less than 100% of the endometrium is hyper-
echoic. A third type “C,” is a multi-layered triple ring
endometrial pattern with a prominent outer hyper-
echoic line and an inner hypoechogenic black region
(Figure 18.4B). The endometrial patterns have been
further simplified into two types – multi-layered and
non-multi-layered by Sher [173]. Several studies found
that endometrial patterns were better at predicting
pregnancy than endometrial thickness [163,174].
One large study reported that women with a trilaminar
endometrial pattern had better pregnancy rates than
subjects with a solid endometrial pattern [168]. Other
studies showed no correlation between endometrial

pattern and pregnancy outcome [156]. Echogenic
pattern may be a sign of hyperandrogenism or an
indication of ovulation. It is likely that interpretation
of echogenicity depends greatly on clinical context
and should best be used in conjunction with other
measures of endometrial response.

Doppler flow studies are non-invasive ultrasound
methods used to evaluate the blood flow to the uterus
and endometrium.The extent to which blood flow and
Doppler findings predict the rate of implantation
remains an active area of investigation. Blood flow
changes during themenstrual cycle have been reported
[175,176] and correlate with serum progesterone
levels [177]. Uterine artery blood flow resistance has
been reported to be predictive of implantation poten-
tial [178–181]. One report suggested that Doppler
findings also correlated with immunohistochemical
biomarkers of uterine receptivity [182]. Elevated
uterine impedance was reported to be abnormal in
recurrent pregnancy loss as well [177]. A recent report
found that women with an end-diastolic blood flow,
an endometrial–sub-endometrial blood flow and a
multilayered endometrium were more likely to have
a successful pregnancy than women without one or
more of these signs [153]; Schild on the other hand
found that blood flow in both the uterine and spiral
arteries measured by power Doppler showed no cor-
relation with implantation rates [183]. Although uter-
ine Doppler remains an interesting parameter to
evaluate, there is at present no consensus about the
predictive potential of measurements of flow or resist-
ance in the endometrial blood vessels [155].

Ultrasound is generally preferable to other imaging
techniques such as magnetic resonance imaging
(MRI). Magnetic resonance imaging has a high detec-
tion rate for uterine pathology, including submucosal,
transmural fibroids, adenomyomas and uterine septa.
The high cost, limited availability and paucity of good
studies that support its use, limits the usefulness of
MRI for routine evaluation of the endometrium.

Sonohysterography
Two- and three-dimensional ultrasound are increas-
ingly performed with fluid instillation into the
uterine cavity (sonohysterography) to allow evaluation
of the endometrium in women with infertility, recur-
rent pregnancy loss and abnormal uterine bleeding
[184–188]. These techniques are highly sensitive at
detecting intrauterine pathology [152,185,188–190].
Examples of the usefulness of sonohysterography are
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shown in Figure 18.5A–D. Compared with normal
sonohysterograms (Figure 18.5A), polyps are easily
detected when saline is introduced into the cavity
and can be displayed well using two- and three-
dimensional technology (Figure 18.5B, C). Similarly
intrauterine adhesions seen in Asherman’s syndrome
can be clearly outlined by sonohysterography
(Figure 18.5D). A uterine septum may predispose to
recurrent pregnancy loss, and can be routinely
detected by sonohysterography (Figure 18.5E).
Sonohysterography has become a standard for evalu-
ating the endometrial cavity, particularly in women
who present for infertility, or to triage women who
present with abnormal uterine bleeding. Although
patients with significant pathology will ultimately
undergo more invasive procedures such as hystero-
scopy and/or endometrial dilation and curettage to
diagnose and remove the abnormality, sonohystogram
is an essential screening tool to assess the uterine cavity
and aid in the clinical assessment of the endometrium.

Other pelvic pathology can also be readily detected
at the time of gynecological ultrasound, including
endometriomas or hydrosalpinges (Figure 18.5F).

Biomarkers of endometrial receptivity
The NIH definition of a biomarker is a “characteristic
that is objectively measured and evaluated as an
indicator of normal biological processes, pathogenic
processes, or pharmacologic responses to a therapeutic
intervention.” There are several excellent reviews of
the use of biomarkers for the assessment of uterine
receptivity [10,69,191–194]. Early strategies used
to identify endometrial biomarkers included the
incorporation of a radioactive label followed by two-
dimensional electrophoresis [195–197]. Major endo-
metrial secretory proteins were identified in the 1980s
using this approach, including glycodelin (PP14) and
IGFBP1 (a.k.a. PP12). Analysis of patterns of secreted
proteins on thin layer chromatography included

Figure 18.5 Two- and three-
dimensional ultrasound together with
sonohysterography can be useful for the
assessment of the endometrium. A normal
sonohysterogram is shown (A). This
technique can be used to detect
endometrial polyps (B) that are well
visualized using three-dimensional
rendering (C). Ultrasound is also useful for
detecting other pathology that can alter
endometrial receptivity, including uterine
adhesions (D), a uterine septum (E), or
hydrosalpinges (F).
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identification of histones as potential markers of
receptive endometrium [198,199]. Ultimately, electro-
phoresis gave way to immunohistochemistry with
the advent of specific monoclonal and polyclonal anti-
bodies [20] and to more sophisticated methods involv-
ing differential display and DNA microarray, each of
which has greatly expanded the number of biomarkers
for consideration [24–26,193,194,200–206].

Integrins and cell adhesion molecules
Cell adhesion molecules (CAMs) and the extracellular
matrix (ECM) maintain tissue integrity and hormonal
responsiveness within the endometrium [207].
Changes in the ECM have been described throughout
the menstrual cycle [208] and into pregnancy [209]
suggesting important roles for CAMS in embryo–
endometrial interactions [210,211]. Integrins are cell-
adhesion molecules that serve as receptors for the
extracellular matrix [212]. Dynamic changes in integ-
rin expression have also been described during the
menstrual cycle and into pregnancy [209,213–216].
The 3-amino acid motif arg-gly-asp (RGD) was
implicated in the process of implantation by several
investigators [217–219]; RGD is present on many

extracellular matrix ligands in the receptive endome-
trium, including osteopontin, tenascin, IGF-BP1 and
fibronectin [220–223]. RGD peptides and anti-RGD
snake venom components were shown to effectively
block implantation or attachment of embryos, sug-
gesting a critical role of integrins and related ligands
to endometrial–embryo interactions [218,222,224,225].

Integrins are arguably the best characterized
markers of receptive endometrium. First studied in
1992, constitutive and cycle-dependent patterns of
integrin expression were described [213,226]. Three
integrins were noted to be co-expressed on receptive
endometrium only during the putative window of
implantation (Figure 18.6) [214]. The ανβ3 integrin
appears on endometrial epithelium at the opening of
the window of implantation around cycle day 20 or 21
and is present on the apical pole of the lumen corres-
ponding to the site of pinopod expression. This integ-
rin is regulated by EGF and EGF-related molecules
and by Hoxa10 [227,228]. Integrins are also well-
recognized on the placenta and invading cytotropho-
blast [216,229–231], and disorders of placentation
have been linked to aberrant integrin expression
[232,233]. Such coordinated expression of integrins
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Figure 18.6 Endometrial integrins have been
shown to undergo changes in expression
throughout the menstrual cycle. The expression
pattern of three integrins, including α1β1, ανβ3 and
α4β1 appear to frame the window of implantation,
that was later defined by Wilcox and colleagues [14].
The ανβ3 integrin is located on the endometrial
luminal surface appearing at the time of
implantation and is absent in some women with
implantation defects. This protein has also been
shown to predict IVF success and can be used to
identify women with endometriosis who have
otherwise unexplained infertility. Used with
permission from Elsevier (Lessey et al., 1994 [214]).
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on both the embryo and endometrium suggests a crit-
ical role during attachment and invasion [234,235].
Recent data also suggest that the ανβ3 integrin associ-
ates with osteopontin and decay accelerating factor
(DAF) might inactivate the immune system and com-
plement activation during implantation [144,236,237].

Selectins/cadherins
The search for a true receptor that mediates embryo
attachment is a goal for many implantation research-
ers [33,34]. Candidates for this receptor have been
suggested [213,236,238–240], including growth
factor/receptor pairs, CAMS, and extracellular matrix
and members of the cell adhesion families
(Figure 18.7). Recent evidence supports L-selectin, a
member of the selectin family, as a key adhesion mol-
ecule during the initial attachment of the human
embryo [241]. The presumed endometrial ligand for
L-selectin appears to be a sialyl glycoprotein associated
with the Lewis-X family that is recognized by the
monoclonal antibody MECA-79. The interaction
between L-selectin and this carbohydrate moiety on
the endometrial surface may serve as a bridge to bring
the embryo into intimate contact with the endome-
trium, prior to firm attachment. The mechanism of
cell adhesion is thought to be similar to the rolling
actions of leukocytes on vascular endothelium as they
first become tethered prior to more robust adhesion
and invasion that involves integrin binding [242,243].

If L-selectin is critical to early embryo–endometrial
interaction, the absence of its cognate ligand could
have profound effects, possibly leading to infertility
or pregnancy loss. The distribution of this antigen,
recognized by MECA79, has now been studied in
normal cycling women during the menstrual cycle
[244] and has been suggested to be a clinically useful
marker of endometrial receptivity [148].

Cytokines
The pattern of expression of cytokines and growth
factors and their receptors during the menstrual
cycle suggests a role in both endometrial development
and implantation. One of the first proteins that was
demonstrated to be critical for implantation was
leukemia-inhibitory factor (LIF). Null mutation of
the LIF gene in female mice resulted in complete
lack of implantation and exhibited decidualization
failure [245–247]. This phenotype could be rescued
by administration of exogenous LIF. IL-11, another
member of this IL-6 family, was implicated in decid-
ualization as well, based on gene knock-out studies.
Both LIF and IL-11 signal through the gp130 receptor.
Leukemia-inhibitory factor and related proteins
have been reported to be reduced in women with
implantation failure and infertility [248–252].

The epidermal growth factor (EGF) family of
growth factors and receptors also play a role in
implantation [9]. Extensive work in the mouse uterus
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Figure 18.7 Adhesion molecules serve many
functions throughout the body. Endometrial-
embryo interactions likely involve one or more of
these mechanisms. As shown, many different
combinations of ligands and receptors have been
proposed, as outlined in the text. Interactions can
involve integrins, extracellular matrix molecules
such as fibronectin, tastin and trophinin, lectins
and selectins. Although not mutually exclusive,
the primary receptor for the embryo is likely a loose
attachment as proposed for L-selectin and its
ligand that allows a transient attachment phase
that precedes invasion. Other mechanisms as
depicted may have other roles including immune
modulation and cell signaling at the time of
implantation. Used with permission from Thieme
Medical Publishers, Inc. (Donaghay & Lessey,
2007 [10])
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has demonstrated the importance of HB-EGF in
blastocyst implantation. HB-EGF is produced as both
a soluble and transmembrane form by the luminal
epithelium at the time of implantation [253](Birdsall
et al., 1996). HB-EGF as a transmembrane “receptor”
could serve as an embryonic receptor through the EGF
receptor on the embryonic epithelium (Figure 18.7)
[254]. As a soluble factor, HB-EGF significantly
improves embryonic development [255]. HB-EGF
has also been implicated in the regulation of other
key endometrial receptivity proteins [144,256,257].
The clinical use of HB-EGF as a marker in reproduc-
tion has been limited but intriguing [258–261].
For further information on cytokines during the
implantation window see a recent review by Achahe
and Revel [69].

DNA microarray
The process of biomarker discovery has been dramat-
ically accelerated by high-throughput techniques
including DNA microarray, using both normal and
pathological endometrium [24–26,194,200–204,262–
269]. Identification of new pathways, signaling para-
digms and metabolic processes have evolved rapidly
as a result. The characterization of the endometrium
throughout the normal menstrual cycle [26], sets the
stage for a much better understanding of the factors
involved in endometrial development and menstrua-
tion [201]. While known biomarkers are being redis-
covered using this technique, new pathways and
unsuspected proteins are also being reported
[25,193,201]. Through the use of bioinformatics and
in conjunction with proteomics these techniques
promise that this field will remain active for years to
come.

Clinical perspective
The efficiency of implantation in the human is poor
compared with most mammals. One in five couples
experience infertility and it is estimated that 10million
couples will seek medical assistance for infertility
and recurrent pregnancy loss this year. Up to one
third of IVF failures are thought due to poor embryo
quality, while it is estimated that up to 60% result
from implantation defects. It is safe to say that most
women with compromised endometrial receptivity go
unrecognized. The large proportion of couples with
unexplained loss reflects a lack of attention to endo-
metrial assessment. On the other hand, widespread
use of biomarkers has been limited by a paucity of

clinical studies that validate their usefulness. Amarked
heterogeneity in endometrial response to various con-
ditions such as endometriosis, have also created a
diversity of reports that questions the usefulness of
any marker of endometrial function. The lack of a
good understanding about how endometriosis or
hydrosalpinges degrades endometrial receptivity also
contributes to the confusion. Nevertheless, data now
exist to suggest that there are common themes
involved and therefore common strategies available
for correcting implantation defects. The remainder
of this chapter will review the available evidence for
the clinical assessment of the endometrium with a
focus on endometrial receptivity in the setting of infer-
tility and pregnancy loss.

Infertility
Unexplained infertility
The endometrium serves as a bioassay for the cumu-
lative effects of steroid hormones, growth factors and
cytokines. The endometrial biopsy has been regarded
as a good method for endometrial assessment and
prediction of pregnancy potential [64,270–272].
Endometrium in women with unexplained infertility
(UI) is different from that found in normal fertile
controls, based on examination of many different bio-
markers [10,22,148,249,251,252,258,273–283]. Many
of these differences can be accounted for simply by
delayed histological development (LPD) that is more
common in unexplained infertility and pregnancy
loss [73,104,273,284–286]. Other studies found no
differences in histological delay between normal
and infertile women, or reported that histological
variability was too great to be clinically useful
[60,61,287]. Biochemical differences in the endome-
trium of infertile women occur that cannot be explained
by histological delay [22,52,53,57,67,68,283]. The appli-
cation of biomarkers for clinical assessment appears
to be a promising approach, but one that has yet to be
widely adopted.

While unexplained infertility accounts for 10–15%
of cases in a typical practice [288,289], a large pro-
portion of these patients will ultimately be found to
harbor endometriosis [284,290,291]. The movement
away from laparoscopy and toward IVF has high-
lighted this problem and accounts for many unex-
plained failures during IVF [292,293].

If endometriosis accounts for most of these cases of
unexplained infertility, why is it not actively being
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diagnosed and treated? Controversy surrounding the
relationship between implantation defects and mild
forms of endometriosis persist because of the lack of
efficacy of medical treatments on cycle fecundity in
women with this disorder [294]. Animal models of
endometriosis have demonstrated an implantation
defect exists [295–298] and confirmed that similar
endometrial changes occur in response to induction
of endometriosis [299–302]. Many clinical studies
have shown adverse effects of endometriosis on preg-
nancy rates [47,303,304], but others fail to find this
association [305]. Since many patients with minimal
or mild endometriosis do conceive without therapy
[306], many researchers in the field have concluded
that endometriosis either does not cause infertility or
that treatment is not beneficial. A large prospective
surgical treatment study from Canada demonstrated
benefit from surgical ablation of mild endometriosis
[307]. Recently, GnRH analog (Lupron® TAP
Pharmaceuticals, Chicago, IL) was shown to improve
pregnancy rates in women undergoing IVF [308].
Given the heterogeneity observed in implantation
defects in women with endometriosis, GnRH analogs
cannot be used on everyone; pregnancy may be
fostered in some women, but prevented in others.
This fact alone could explain the lack of efficacy of
medical therapy for infertility associated with endo-
metriosis, described by many previous studies [309].

In-vitro fertilization (IVF) and implantation
Ovarian hyperstimulation used during the typical
IVF cycle likely has adverse effects on the endome-
trium [310,311], though not all studies agree [312].
The average implantation rate for IVF centers in the
USA is only 29% (www.sart.org). Patients can be easily
identified who do not achieve pregnancy even in
repeat IVF cycles. The term repeated implantation
failure (RIF) has been defined as failure to achieve
pregnancy following 2–6 IVF cycles in which more
than 10 embryos of good quality have been transferred
[313]. The use of biomarkers to study implantation in
assisted reproductive technology (ART) appears
promising [314].

Causes of repeat IVF failure that are related to
endometrial receptivity defects have recently been
reviewed [56]. Obvious causes such as thin endome-
trium or mechanical disruption (e.g. uterine fibroids)
must be ruled out prior to starting IVF. Alterations in
endometrial function have been described in women
with RIF, including elevated concentrations of natural

killer (NK) cells [315,316,317], increased cytokine pro-
duction [318,319] and alterations in cell adhesion
molecule expression [23,293,320,321]. Pinopod
expression is also altered in women with RIF
[322,323] and changes in global gene expression
changes have also been reported in this setting [11].

These observations surrounding RIF are likely to
be related. Many cases could be a consequence of
progesterone resistance or alterations in immunity
associated with endometriosis [53,56,67,68,324–327].
Hoxa10, a transcription factor that directly regulates
the ανβ3 integrin [328] is reduced, similar to the
ανβ3 integrin in the endometrium of women with
hydrosalpinges [48,329]. Both biomarkers are
expressed normally after salpingectomy. Alteration in
ανβ3 integrin expression may be related to high
levels of aromatase P450 expression in these women
[330], as local production of endometrial estrogen
has a negative effect on endometrial integrin expres-
sion [102,227]. Other factors are affected as well,
including endometrial bleeding associated factor
(ebaf) [54,331,332]. Inappropriate or premature
expression of this TGF-β inhibitor likely accounts
for endometrial dysfunction and early bleeding noted
in women with endometriosis leading to decreased
implantation potential.

Aberrant patterns of gene expression in the endo-
metrium of women with RIF point toward a contri-
bution by endometriosis, which is known to reduce
IVF success [47,304]. Diagnosis of even mild forms
of this disease should be sought in women experien-
cing RIF [292]. While not enough studies exist on
which to confidently base treatment decisions, sup-
pression of endometriosis with surgical ablation
[292], danazol [320,333] or GnRH agonists [308,334]
all appear to have benefit. In addition, the use of
aromatase inhibitors could also improve IVF success,
especially in women with documented lack of normal
integrin expression [293].

Recurrent pregnancy loss
Pregnancy loss is common, occurring in up to 37%
of pregnancies in any given cycle [335]. Recurrent
pregnancy loss (RPL), on the other hand, affects only
5% of women attempting to conceive [336]. Factors
that increase the risk for RPL include a loss of a
chromosomally normal pregnancy, pregnancy loss
after the first trimester, and difficulty conceiving. Up
to half of all miscarriages in the general population
can be assigned a cause, including chromosomal
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abnormalities, immunological, endocrine (luteal phase
defect), anatomic, thrombophilic, infectious or envir-
onmental causes (smoking and caffeine) [336,337].
Loss of uterine receptivity leading to implantation fail-
ure has been suggested as a contributing factor,
but remains poorly defined [336,338,339]; in up to
half of cases a firm diagnosis is never established
[336, 340].

Unexplained RPL (uRPL), like unexplained infer-
tility (UI), can be caused by endometriosis [340,341].
Since the link between endometriosis and infertility
is well established [291,342], it is reasonable to con-
sider an association exists between endometriosis
and RPL as well. Recurrent pregnancy loss may be
part of a continuum of the population of women
with infertility, as delay in implantation leading to
asynchrony and implantation failure could apply to
both. As outlined in the previous section, endometrio-
sis causes biochemical changes in the endometrium
including progesterone resistance and delayed expres-
sion of proteins essential for normal uterine receptiv-
ity [67,68]. While studies are ongoing to address
this association between infertility and RPL, the
choice of the appropriate biomarker for endometrial
assessment continues to be a matter for debate.

Summary and concluding thoughts

Diagnostic dilemmas
Based on conservative estimates, implantation failure
and endometrial receptivity defects account for up to
one third of infertility and recurrent pregnancy loss
cases. The clinical assessment of the endometrium
includes many well-established methods that have
been reviewed in this chapter. The use of biomarkers
for endometrial assessment is also gaining acceptance
and applications for their use are expanding. Studies to
establish the usefulness and reliability of biomarkers
are few and in many cases flaws in study design or
implementation have been cited. As new biomarkers
arise, efforts will need to focus on establishing com-
mon pathways of regulation. Efforts should be made
to determine how endometrial patterns of expression
are altered in common conditions. Recognition of
protein biochemical defects may define an endome-
trial fingerprint to help identify the likelihood pres-
ence of gynecologic pathology that alters the
endometrial phenotype. As outlined above, endome-
triosis and tubal disease both appear to reduce IVF
success rates yet we do not yet know the similarities

and differences in the endometrium in each condition.
All women with either condition are not affected
equally, making it difficult to establish firm guidelines
or recommendations about the prognosis or treatment.

To establish how endometrial assessment can best
be approached, divergent views and dogmatic beliefs
will need to be presented, evaluated and reconciled.
Recognition of the heterogeneity in the population
will need to be addressed. Endometrial assessment
will likely require many markers that together predict
endometrial health or disease. Variability in endome-
trial histology must be taken into account since the
endometrial phenotype even in its normal state, is a
moving target; analyses on endometrium must be
standardized with respect to a defined period of time
during the window of implantation. Women with
infertility or pregnancy loss frequently have more
than one disorder that can confuse or obscure our
understanding of the underlying problem. Women
with PCOS, for example, can have concomitant
endometriosis that frequently goes unrecognized
[343,344]. In many reports on the subject of endo-
metrial assessment, these factors are not considered.

Future directions
The endometrium provides a window into the endo-
crine milieu that can provide clues regarding the pres-
ence or absence of disorders associated with infertility
or pregnancy loss. As DNAmicroarray and proteomic
techniques mature, convergence of information will
likely clarify how the endometrium changes in both
health and disease. Discovery of underlying and uni-
fying concepts that account for the many observations
made so far, will likely determine the approach we
adopt for the assessment of endometrial receptivity.
As pathways of gene regulation are better established,
dysregulation of those pathways can also be dissected
and used to understand the mechanisms of disease.
Diagnostics based on this understanding will lead to
better and a more timely recognition of the ontogeny
and pathophysiology of various conditions affecting
women. Therapeutics directed at an underlying dys-
function will result in better treatment options that
rely less on empiricism. Cost and side effects of treat-
ments will be reduced as clinical assessment of the
endometrium yields more information about the
causes of infertility or pregnancy loss. All of these
advances will require the contribution of basic and
translational scientists, clinical investigators, statisti-
cians and epidemiologists to discover, validate and
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verify these assessment tools of the future, as we move
further from the bench top and closer to the bedside.
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Chapter

19 Implantation events
Isaac E. Sasson and Errol R. Norwitz

Introduction
Implantation is a critical step in the establishment of a
successful pregnancy supported by a healthy placenta,
and requires meticulous synchronization between the
developing embryo and the cycling endometrium.
Numerous endocrine, paracrine and autocrine signals
mediate the complex, bidirectional communication
between the endometrium and the blastocyst. Very
few specimens exist that document the first weeks of
embryonic development in humans. In some cases,
information about a particular stage of development
comes from a single specimen. Other crucial events,
such as initial adhesion of the blastocyst to the uterine
epithelium, have never been observed in vivo.
Therefore, much of our understanding of early human
development is inferred from animal studies. Given that
the cellular interactions culminating in implantation
and placentation vary greatly, even among primates,
the relevance of this information is unclear [1]. This
chapter aims to describe the biological processes and
some of the molecular mediators required during early
implantation events and to illustrate the clinical con-
sequences when these processes are perturbed.

Biological processes required for
early implantation events
The interaction between an activated blastocyst and a
receptive uterus is part of a continuum that leads to
implantation and the early stages of placental develop-
ment. Many of the regulatory mechanisms identified
govern important transitions along this continuum.
As such, considering their functions in the context of
any single event draws an arbitrary distinction that
does not exist in vivo. Nonetheless, analogous to
events in several primate species, implantation in
humans probably includes three stages: (i) apposition

of a competent blastocyst and a receptive endome-
trium, (ii) adhesion of the embryo to the epithelium
and (iii) penetration of the embryo through epithe-
lium and basal lamina with invasion of the uterine
vasculature [2]. Establishment of a receptive endome-
trium and a competent blastocyst are addressed in
detail elsewhere in this text.

Pre-implantation blastocyst
Fertilization occurs in the fallopian tube within 24 to
48 hours of ovulation. The initial stages of develop-
ment, from fertilized ovum (zygote) to a mass of 12 to
16 cells (morula), occur as the embryo passes through
the fallopian tube encased within a non-adhesive
protective coating known as the zona pellucida. The
morula enters the uterine cavity approximately 2–3
days after fertilization and 4 days after ovulation
(Figure 19.1). Five days after ovulation, the appearance
of a fluid-filled inner cavity within the mass of cells
marks the transition from morula to blastocyst, and is
accompanied by cellular differentiation: the surface
cells become the trophectoderm, which gives rise to
extra-embryonic structures including the placenta,
and the inner cell mass, which gives rise to the fetus.
Within 72 hours of entering the uterine cavity (6 days
post-fertilization), the embryo containing 100–200
cells hatches from the zona pellucida, exposing its
outer covering of syncytial trophoblasts to the adjacent
luminal epithelium of the endometrium.

It is during this period of time that numerous
processes occur to generate a competent blastocyst
capable of implanting in a receptive endometrium.
Maternally derived RNA transcripts that drive protein
synthesis within the early embryo are degraded with
the concomitant transcription of the embryonic
genome in a process termed zygotic genome activation.
Extensive epigenetic modifications reprogram the
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embryonic genome to restrict the totipotency of the
zygote while maintaining the pleuripotency of the
inner cell mass. Other epigenetic modifications are
required for erasure and reestablishment of the imprint-
ing pattern on the paternal chromosomes and for
X-chromosome inactivation. At the same time, signals
from within the dividing embryo trigger cell fate speci-
fication cues to differentiate the putative germline from
cells that will become the somatic tissues.

Apposition and adhesion
Implantation occurs at approximately 6–7 days after
fertilization. Initial adhesion of the blastocyst to the
uterine wall, termed apposition, is unstable. Microvilli
on the apical surface of syncytiotrophoblasts interdigitate

with microprotrusions from the apical surface of the
uterine epithelium, known as pinopodes (Figure 19.1).
The formation of pinopodes is associated with increased
endometrial receptivity [3].While their function remains
unclear, their postulated functions are transport of
macromolecules, absorption of fluid from the uterine
cavity, and facilitating adhesion of the blastocyst to the
uterine epithelium.

Stable adhesion is characterized by increased phys-
ical interaction between the blastocyst and the luminal
uterine epithelium. This process is transient and not
easily explored, but likely represents a period when the
cell membranes of the uterine epithelium and tropho-
blasts develop a functional relationship. There are
likely several post-translational mechanisms that
mediate this process including redistribution of cell

Figure 19.1 Apposition and stable adhesion. Six days post-fertilization, the embryo containing hatches from the zona pellucida exposing
its outer covering of syncytial trophoblasts to the adjacent luminal epithelium of the endometrium. Microvilli on the apical surface of
syncytiotrophoblasts interdigitate with pinopodes on the apical surface of the uterine epithelium. Stable adhesion produces a functional
relationship between the cell membranes of the endometrium and trophoblast. COX-2, cyclooxygenase-2; EGF, epidermal growth factor;
LIF, leukemia inhibitory factor.
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surface molecules, activation of signaling cascades and
remodeling of cytoskeleton within the uterine epithe-
lium. Transmission electron microscopy has demon-
strated an interaction between the trophoblasts and,
specifically, the lateral aspects of the endometrial cells.
Here, disruption of the junctional complexes between
endometrial cells and invasion of trophectodermal
processes project into these spaces [4,5].

Invasion
With invasion, the syncytiotrophoblasts penetrate
through the uterine epithelium and, by 10 days after

fertilization, the blastocyst is completely embedded in
stromal tissue of the uterus. The uterine epithelium
re-grows over the implantation site [Figure 19.2].
Eventually, cytotrophoblasts invade the entire endo-
metrium and the inner third of the myometrium,
known as interstitial invasion, and penetrate the uter-
ine vasculature, known as endovascular invasion. This
process establishes the uteroplacental circulation and
marks the transition from histiotrophic support of the
embryo, where the embryo obtains metabolic support
from maternal extracellular fluid coming primarily
from the endometrial glands, to a hematrophic system,

Figure 19.2 Invasion. Ten days after fertilization, the syncytiotrophoblasts penetrate through the uterine epithelium and the blastocyst
is completely embedded in stromal tissue of the uterus.
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where the maternal and fetal circulation lie in close
proximity to rapidly exchange nutrients and waste.

During endovascular invasion, invasive cytot-
rophoblast cells breach the termini of spiral arterioles.
As these fetal cells move in a retrograde direction, they
entirely replace the resident maternal endothelium
and a portion of the muscular tunica media. This
mechanism appears to be driven by oxygen tension,
since the invasive cytotrophoblast cells target spiral
arterioles and not veins [6]. The result is uterine ar-
terioles that are hybrid structures composed of fetal and
maternal cells. With regards to physiology, cytotro-
phoblast invasion transforms the maternal arterioles
from small-bore, high-resistance vessels to large-bore,
low-resistance vessels capable of meeting the fetal
demands for maternal blood flow.

Molecular mediators
of implantation
Themolecular mechanisms that regulate early implant-
ation events in humans are not well understood. The
temporal and spatial expression of several growth
factors, cytokines and adhesion molecules within
the uterus and pre-implantation blastocyst suggests
that they may play important roles [Figure 19.3] [7].
Additionally, targeted disruption of genes in mouse
studies have provided some data on the function of
these genes in mediating early implantation events [8].
However, the extent to which human embryos utilize
the same signaling components needs to be deter-
mined, and caution should be used in extending obser-
vations made in model systems to normal human
physiology. Finally, gene expression analysis of signal-
ing molecules in patients with specific reproductive
phenotypes (so-called genotype–phenotype studies)
also provide some associative information between
particular proteins and their role in maintaining fer-
tility [Tables 19.1 and 19.2]

Steroid hormones
Estrogen and progesterone act primarily through their
nuclear receptors, the estrogen receptor (ER) and pro-
gesterone receptor (PR), respectively [9]. Ligand bind-
ing to the receptor results in dimerization and
subsequent binding to response elements on DNA
that result in activation or repression of downstream
target genes. Several isoforms of each receptor exist,
and the best characterized isoforms include the estro-
gen receptors, ER-α and ER-β, and the progesterone

Table 19.1 Uterine (maternal) factors associated with
implantation.

Cytokines/Growth factors Facilitate cross-talk between
the blastocyst and uterus

Interleukin-1
Interleukin-2
Interleukin-11 and IL-11 receptor
Leukemia inhibitory factor and LIF
receptor

Insulin growth factor-1 and -2
Insulin growth factor binding proteins
Colony stimulating factor-1
Transforming growth factor-α and -β
Hepatocyte growth factor
Fibroblast growth factor
Heparin binding – Epidermal
growth factor

Hypoxia inhibitory factor-1
Vascular endothelial growth factor
Indian hedgehog

Steroid hormones Preparation of a receptive
endometrium and
competent blastocyst

Estradiol-17β
Progesterone
Catecholestrogens

Immunological factors Immunosuppression

Interleukin-10
Indoleamine 2,3-dioxygenase
Crry (complement regulator)

Changes in luminal epithelium Facilitate blastocyst
recognition and attachment

Pinopodes
MUC-1
Glycodelin
Integrin-αvβ3
Calcitonin

Transcription factors Effect changes in gene
expression as a result of
upstream signaling
pathways

Estrogen receptor
Progesterone receptor
MASH-2
HAND-1
Ids
PPARδ

Other factors

HoxA-10 and -11 Homeobox genes expressed
in endometrial stromal cells
during implantation

COX-2 Regulates prostaglandin
production

Oxygen tension Facilitates trophoblast
vascular mimicry
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receptors, PR-A and PR-B [10]. The specific biological
response of a cell to hormonal stimulation is dependent
on the relative abundance of the receptor subtypes
and the co-activators/co-repressors expressed within
the cell.

Steroid hormones are required to coordinate the
development of the conceptus with the receptivity
of the endometrium, and the regulation of the

hypothalamic–pituitary–ovarian axis in the event of
an implantation failure. Progesterone expression is
essential for implantation and maintenance of early
pregnancy in all mammals. By contrast, estrogen
requirement during implantation is species dependent
[7]. Nonetheless, both estrogen and progesterone are
required for endometrial receptivity. Interestingly,
however, ER and PR are absent from the endometrial

Figure 19.3 The temporal and spatial expression of several growth factors, cytokines, and adhesion molecules play important roles in
mediating blastocyst invasion and the survival of the early pregnancy. VEGF, vascular endothelial growth factor; hCG, human chorionic
gonadotropin.
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glandular epithelium at the mid-late luteal phase dur-
ing the implantation window, suggesting that these
genes are not directly required for implantation but
rather required to generate themolecular profile essen-
tial for embryo attachment and implantation [11].

Targeted gene disruption of the estrogen receptor
indicates that ER-α is the primarymediator of estrogen
signaling in the uterus [12]. ER-α knockout mice are
infertile as a result of pleiotropic effects on the female
reproductive tract [13]. These mice display small,
hypoplastic uteri that are unable to support implant-
ation. By contrast, ER-β knock-out mice remain fertile
despite a decrease in ovarian function [14].

Knock-out studies in the mouse demonstrate that
the PR isoforms have discrete, non-overlapping func-
tions in the female reproductive system. PR knock-out
(PRKO) mice demonstrate behavioral defects, failure
to ovulate, defective uterine implantation, lack of
decidualization, and defects in mammary gland mor-
phogenesis and development [15]. PR-A knockout
results in diminished ovarian function and a failure
of decidualization leading to female infertility. These
data suggest that PR-A is the major mediator of pro-
gesterone signaling in the female reproductive tract.

Furthermore, these animals demonstrate increased
uterine epithelial proliferation suggesting that PR-A
inhibits the mitogenic effects of PR-B. Conversely,
animals with a selective elimination of PR-B do not
demonstrate a uterine phenotype, but rather display
abnormal mammary gland development [16].

Integrins
Integrins are a large family of cell adhesion mol-
ecules. These transmembrane proteins are formed by
heterodimerization of α and β subunits, and function
as receptors for the extracellular matrix components
laminin, fibronectin, perlecan, thrombospondin and
osteopontin. Multiple combinations of integrin hetero-
dimers are expressed on both the endometrium and
the embryo. Several studies suggest that integrin sig-
naling is functionally important during apposition,
attachment and invasion of the embryo [7].

The cohort of integrins expressed in the uterus
has been well described, and they appear to be critical
markers for determining endometrial receptivity
[17,18]. Alpha-4 and β3 integrins exhibit cycle-
dependent changes in expression with an increase in
β3 and a decrease in α4 levels during the implantation
window. The apical localization of αvβ3 and αvβ5
integrins in the luminal epithelium is critical for medi-
ating the interaction between endometrium and the
trophoblast [19]. In humans, integrin expression is
altered in patients with impaired fertility. Patients
with endometriosis, hydrosalpinges and unexplained
infertility demonstrate decreased β3 expression in the
endometrium [20–22].

To complement the expression pattern of integrins
in the endometrium, the pre-implantation blastocyst
expresses several integrin heterodimers, including
αvβ3 and α5β1. α5β1 is expressed on trophoblast
cells and is translocated to their apical surface upon
blastocyst activation, suggesting a role for initial
attachment after hatching from the zona pellucida
[23]. Mice treated with competitive inhibitors of αv
demonstrate decreased implantation rates [24]. β3 null
mutant mice demonstrate abnormal placentation,
although they fail to demonstrate a fertility defect,
likely due to functional redundancy within this gene
family [25]. Analysis of the effects of adding function-
perturbing antibodies to an in vitro model of cytotro-
phoblast invasion reveals a delicate balance between
members of this gene family. For example, integrins
αvβ3 and α1β1 promote invasion, whereas α5β1
restrains it [26].

Table 19.2 Blastocyst factors associated with implantation.

Cytokines/Growth factors Facilitate cross-talk between the
blastocyst and uterus

Interleukin-1
Interleukin-6
Leukemia inhibitory factor
and LIF receptor

Insulin growth factor-2
Colony stimulating factor-1
Transforming growth
factor-α and -β

Proteinases/Inhibitors

MMP-9/TIMP-3 Regulates trophoblast invasion

uPA/ PAI-4 Facilitates trophoblast vascular
mimicry

Cathepsin B and L Regulates trophoblast invasion

Immunological factors

HLA-G Prevents immune rejection of the
fetal hemi-allograft

Adhesion molecule
expression

Promotes trophoblast
differentiation and invasion

Integrin-α6β4, E-cadherin
Integrin-α1β1 and αvβ3,
VE-cadherin
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Invading cytotrophoblasts modulate their adhe-
sion molecule expression in a stepwise fashion to a
profile similar to that of endothelial cells. This enables
invading cytotrophoblasts to assume characteristics
similar to those of maternal vascular cells.
Particularly striking is the decrease in adhesion recep-
tors characteristic of polarized cytotrophoblast stem
cells (integrin α6β4 and epithelial cadherin) and
increased expression of adhesion receptors character-
istic of endothelium, including cadherins (vascular
endothelial cadherin and cadherin-11), IgG-family
receptors (vascular cell adhesion molecule-1, platelet-
endothelial cell adhesion molecule-1 and Mel-CAM),
and integrins αvβ3 and α1β1 [27].

Growth factors
Many growth factors are expressed in the luminal epi-
thelium during the window of differentiation and are
often increased at the site of embryo apposition. These
include several members of the epidermal growth factor
(EGF) family, vascular endothelial growth factors
(VEGF), transforming growth factor-beta (TGF-β),
insulin-like growth factors (IGF), fibroblast growth
factors (FGF) and platelet-derived growth factors
(PDGF) [7].

Epidermal growth factors
Epidermal growth factors are a family of extracellular
signaling molecules that are characterized by a 40–60
amino acid structural domain. This family of growth
factors includes EGF, TGF-α, HB-EGF, amphiregulin
(Ar), epiregulin (Er), β-cellulin and neuregulins.
EGFs signal through a family of receptor tyrosine
kinases known as the ErbB family. This family is
comprised of 4 members: EGFR/ErbB-1, HER2/
ErbB-2, HER3/ErbB-3 and HER4/ErbB4. These
receptors are composed of an extracellular ligand
binding domain and a catalytically active cytoplasmic
kinase. Ligand binding induces activation of the
receptor and subsequent phosphorylation of down-
stream signaling components [28].

The expression patterns of EGF ligands and recep-
tors within the endometrium suggest a local paracrine/
autocrine signaling pathway necessary for embryo
attachment. In the mouse, expression of the EGF
ligands, HB-EGF and Ar, are regulated by estrogen
and progesterone. Ar is expressed throughout the
uterus during the implantation window, but its expres-
sion level is restricted to and increased specifically at
the sites of blastocyst apposition [29]. HB-EGF is

expressed in the luminal endometrium exclusively at
sites adjacent to active blastocysts prior to attachment
of the embryo [30]. Subsequently, the other EGF
ligands (β-cellulin, neuregulin-1 and Er) are expressed
in the luminal epithelium and stroma at the site of
blastocyst attachment [7]. In a complementary fash-
ion, blastocysts express the EGF receptors ErbB-1,
ErbB-2 and ErbB-4 [31,32].

Similarly, in humans, HB-EGF is expressed in
luminal endometrial cells and expression levels peak
during the implantation window and ErbB4 is
expressed in the trophectoderm of the peri-
implantation blastocyst [33,34]. HB-EGF stimulates
growth and development of blastocysts in vitro and
may induce endometrial expression of integrin αvβ3
required for blastocyst attachment [35,36]. However,
little is known about the function of EGFs in regulating
implantation events. Beads saturated with HB-EGF are
capable of inducing decidualization when implanted
into the uterus of pseudo-pregnant mice [37]. By con-
trast, mice lacking EGF, Ar, or TGF-α, as well as
compound null mutant for all three genes do not
exhibit fertility defects, possibly due to the overlapping
expression pattern of other EGF ligands [38].

Insulin-like growth factors
Insulin-like growth factors signal through the insulin
receptor to regulate cell growth, differentiation, and
metabolism in multiple tissues. Ligand availability is
modulated by IGF binding proteins (IGFBPs). The
expression pattern of IGFBP-1 and IGF-II suggest
autocrine/paracrine signaling between the decidua
and trophoblast that is critical to regulating blastocyst
invasion. IGFBP-1 is expressed in the secretory and
decidualized endometrium, while IGF-I and IGF-II
are highly expressed by invading cytotrophoblast
[39]. In vitro experiments indicate that IGFBP-1 can
alter the invasiveness of cytotrophoblast cells [40].
IGFBP-1 likely serves multiple functions, since it
binds the integrin, αvβ1, which plays a role in embryo
attachment [41].

Vascular endothelial growth factors
Vascular endothelial growth factor was first described
for its ability to induce endothelial cell proliferation
and increase vascular permeability. Its functions have
been well described and include angiogenesis, vascular-
ization and vasodilatation. In humans, five isoforms of
VEGF-A are generated from alternative splicing of a
single gene. VEGF-A signals through two receptor

Chapter 19 Implantation events

205



tyrosine kinases: VEGFR-1/flt-1 and VEGFR-2/flk-1
(also known as KDR in the mouse).

Expression of VEGF-A in the reproductive tract
has been well characterized in the human. Vascular
endothelial growth factor is expressed throughout the
menstrual cycle with peak levels in the glandular
epithelium during the secretory phase. Expression of
several VEGF isoforms is induced by estrogen
treatment [42]. In the mouse, blastocyst attachment
results in an increase in VEGF expression in the
luminal epithelium and adjacent stroma at the
implantation site [43].

Leukemia-inhibitory factor
Leukemia-inhibitory factor (LIF) is a member of the
IL-6 cytokine subfamily. This 180 amino acid protein
is transcribed from a single gene, and highly conserved
between species. It signals through the LIF receptor
(LIF-R) and, upon binding, heterodimerizes with
glycoprotein 130 (GP130) to activate an intracellular
signaling cascade. Expression pattern analysis and
targeted disruption of the LIF signaling pathway
demonstrate that LIF has multiple functions in the
female reproductive tract, and is important for both
decidualization and implantation [44].

Leukemia-inhibitory factor expression displays a
biphasic pattern and varies with the menstrual cycle
[44]. In the proliferative phase, LIF expression is not
detected. Leukemia-inhibitory factor mRNA and
protein can be detected throughout the secretory
phase in the glandular and luminal epithelium. Its
expression peaks in the late secretory phase between
cycle days 19 and 25, correlating with the ideal implant-
ation window. By contrast, both LIF-R and GP130 are
expressed in the proliferative and secretory phases on
the luminal and glandular epithelium of the endome-
trium [44]. The responsiveness of LIF-R to the
presence of LIF is dependent on estrogen and proges-
terone activity. Progesterone, HB-EGF and TGF-ß
may all regulate LIF secretion [45].

Targeted disruption of the LIF gene indicates that
maternal LIF expression is required for successful
implantation. LIF null females ovulate and their
oocytes are fertilized, but embryos are unable to
implant due to a defect in decidualization [46].
GP130 hypomorphic alleles demonstrate a similar
defect to LIF null mice [47]. By contrast, LIF-R null
embryos are able to implant, suggesting that LIF may
signal through an alternative pathway. Nonetheless,
LIF-R null mice demonstrate defective placentation

and display an early perinatal lethality consistent
with its pleiotrophic effects [48]. Leukemia-inhibitory
factor also appears to be necessary and sufficient to
mediate the effects of estrogen on the endometrium
during the period of implantation, suggesting that LIF
is a target of estrogen in the endometrium [49].

Several clinical observations further suggest a crit-
ical role for LIF in human reproduction. Women with
unexplained infertility or recurrent pregnancy loss
have decreased levels of LIF expression in uterine
lavage specimens [50]. Conditioned media collected
from cultured endometrial explants derived from
women with unexplained infertility have decreased
levels of LIF as compared with fertile controls [51].
Women treated with antiprogestins display decreased
LIF expression in the endometrium [52].

Matrix metalloproteinases
Invading cytotrophoblasts extensively regulate their
expression of matrix metalloproteinases (MMPs) and
tissue inhibitors of metalloproteinases (TIMPs) [53].
Of particular functional importance is their ability to
express and activate matrix metalloproteinase-9
(MMP-9), a major regulator of cytotrophoblast inva-
sion in vitro [54]. The simultaneous upregulation of
tissue inhibitor of metalloproteinase-3 (TIMP-3)
expression provides a regulatory mechanism to
restrict cytotrophoblast invasion [55]. An additional
level of complexity in this pathway is illustrated by the
complex expression pattern of MMPs and TIMPs
in maternal decidual cells adjacent to the invading
blastocyst [56].

Hox genes
Hox genes are a highly conserved family of transcrip-
tion factors characterized by a 183 base pair segment
of DNA known as the homeobox that encodes a 61
amino acid segment, the homeodomain. These tran-
scription factors are responsible for patterning the
anterior-posterior axis during early embryonic devel-
opment [57]. In the development of the female repro-
ductive tract, Hoxa-9 is expressed in the developing
fallopian tube, Hoxa-10 in the uterus, Hoxa-11 in the
lower uterine segment, and Hoxa-13 in the primordial
vagina [58].

Multiple gene targeting experiments in mice dem-
onstrate important roles for Hoxa-10 and Hoxa-11 in
implantation. Hoxa-10 and Hoxa-11 null mice dem-
onstrate implantation failure likely secondary to the
pleiotropic effects of these patterning genes during
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embryonic development [59–61]. To circumvent
these confounding factors, modulation of Hoxa-10
expression in the adult endometrium in the mouse
has been shown to affect the number of implantation
sites in otherwise wild-type animals [62]. When
endogenous levels of Hoxa-10 are reduced, the num-
ber of implantation sites and the litter size is reduced,
while increased expression of Hoxa-10 in the endo-
metrium results in an increased number of implanta-
tion sites and larger litter sizes [62]. The effect of
Hoxa-10 on implantation is likely related to the effect
of maternal Hoxa-10 expression on pinopod forma-
tion. Decreased Hoxa-10 expression results in a
decreased pinopod formation, while overexpression
of Hoxa-10 results in increased pinopod formation
[62]. By contrast, embryos derived from Hoxa-10 or
Hoxa-11 null mutant mice are able to implant in wild-
type surrogates [59–61].

Several clinical studies suggest that Hoxa-10 and
Hoxa-11 play a critical role in human implantation.
While the expression of most Hox genes in the female
reproductive tract is limited to embryonic develop-
ment, Hoxa-10 and Hoxa-11 are expressed also in
adult endometrial glands and stroma [63]. Their regu-
lated expression levels peak at the mid-secretory phase
during the implantation window and remain elevated
thereafter [64,65]. Hoxa-10 and Hoxa-11 are regulated
by estrogen and progesterone through their cognate
receptors by direct binding of the receptors to regu-
latory elements in the respective gene promoters [66].
Furthermore, a number of different clinical conditions
associated with infertility appear to demonstrate alter-
ations in Hoxa-10 and Hoxa-11 expression. For exam-
ple, women with endometriosis fail to demonstrate a
mid-luteal phase increase in Hoxa-10 or Hoxa-11
expression. Similarly, Hoxa-10 levels are decreased in
patients with polycystic ovarian syndrome, leiomyo-
mas, and in the presence of hydrosalpinges [67–69].
Taken together, these data suggest that maternal
Hoxa-10 expression contributes to endometrial recep-
tivity and is required for successful implantation.

Prostaglandins
Implantation requires prostaglandin biosynthesis.
Cyclooxygenase, the rate-limiting enzyme in conver-
sion of arachidonic acid to prostaglandin H2, exists in
two isoforms: constitutive (COX-1) and inducible
(COX-2). In the endometrium, COX-1 production
decreases in response to progesterone and estradiol-
17β, and the endometrial content of COX-1 falls

precipitously in the mid-luteal phase of the menstrual
cycle in anticipation of implantation [70]. By contrast,
COX-2 production, which is not affected by steroid
hormones, is restricted to the implantation site and
depends on the presence of a competent blastocyst
[70,71]. Moreover, interleukin-1 (IL-1) detected in
the conditioned medium of human embryos, induces
COX-2 gene expression in cultured endometrial stro-
mal cells [72]. Prostaglandin I2 (prostacyclin), pro-
duced by the action of COX-2 on arachidonic
precursor, is a ligand for the nuclear receptor, perox-
isome proliferator-activated receptor-δ (PPARδ) [71].
This interaction is likely critical because mice lacking a
related receptor (PPARγ) die at mid-gestation due to
defective placentation [73].

Immunological factors
One of the most interesting functions of the placenta is
regulation of the maternal immune response such that
the fetal hemi-allograft is tolerated during pregnancy.
Trophoblasts are presumed to be essential to this
allograft tolerance because they lie at the maternal–
fetal interface where there is direct contact with cells of
the maternal immune system. Several studies suggest
that trophoblasts do not express classical major histo-
compatibility complex (MHC) class II molecules, but
that cytotrophoblasts upregulate a non-classical MHC
class Ib molecule, HLA-G, as they invade the uterus
[74]. This observation, and the fact that HLA-G
exhibits limited polymorphism, suggests functional
importance. The exact mechanisms involved are not
known, but may include upregulation of the inhibitory
immunoglobulin-like transcript 4, a HLA-G receptor
that is expressed on macrophages and a subset of
natural killer lymphocytes [75].

Cytotrophoblasts that express HLA-G come in
direct contact with maternal lymphocytes that are
abundant in the uterus during early pregnancy.
Although estimates vary, a minimum of 10–15% of
all cells found in the decidua are lymphocytes [76].
These maternal lymphocytes have unusual properties
in that most are CD56+ natural killer (NK) cells.
However, compared with peripheral blood lympho-
cytes, decidual NK cells have low cytotoxic activity,
and interestingly, are directly recruited by invading
cytotrophoblasts via chemokine secretion [77,78].

Cytotoxicity against hemi-allogeneic trophoblasts
must be selectively inhibited. The factors responsible
for this localized immunosuppression are unclear, but
likely include cytotrophoblast-derived interleukin-10,
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a cytokine that inhibits allo-responses in mixed lym-
phocyte reactions [79]. Steroid hormones, including
progesterone, have similar effects. The complement
system may also be involved, since deletion of the
complement regulator, Crry, in mice leads to fetal
loss secondary to placental inflammation [80].
Finally, pharmacological data from studies performed
in mice, suggest that trophoblasts express an enzyme,
indoleamine 2,3-dioxygenase, that rapidly degrades
tryptophan, which is essential for T-cell activation
[81]. Whether this mechanism occurs in humans is
not known, although human syncytiotrophoblasts
express indoleamine 2,3-dioxygenase and maternal
serum tryptophan concentrations fall during preg-
nancy [82,83].

Clinical implications
Reproductive pathologies resulting from implantation
defects span a spectrum of clinical presentations rang-
ing from infertility to recurrent pregnancy loss to
pre-eclampsia. Infertility may result from failure of
fertilization or from loss of the fertilized blastocyst
prior to implantation. Both occur in the setting of a
negative pregnancy test. Sporadic pregnancy loss
occurs in 15–20% of women. Recurrent pregnancy
loss, defined as spontaneous loss of three or more
confirmed early intrauterine pregnancies, affects
0.3–1% of reproductive age women. These pathologies
are examined elsewhere in this book.

The intriguing possibility exists that most compli-
cations that arise late in gestation (such as pre-
eclampsia, pre-term labor and pre-term premature
rupture of membranes) actually reflect aberrant bio-
logical processes that occurred much earlier in preg-
nancy, specifically during placental development [84].
Biopsy of the placenta and uterus at the time of
delivery has allowed microscopic assessment of the
maternal–fetal interface in a variety of pregnancy
complications.

Excessive invasion of the cytotrophoblast with defi-
cient development of the decidua may lead to abnor-
mally firm attachment of the placenta directly onto the
myometrium (placenta accreta), to extension into the
myometrium (placenta increta) or to invasion through
the myometrium into the uterine serosa and even into
adjacent organs (placenta percreta). Despite improve-
ments in diagnosis and clinical management, such
disorders of placentation are still associated with sig-
nificant intrapartum maternal morbidity and mortal-
ity, due primarily to excessive hemorrhage.

By contrast, inadequate invasion has been impli-
cated in the pathophysiology of intrauterine growth
restriction (IUGR) and pre-eclampsia. The placenta of
the IUGR fetus demonstrates compromised syncytio-
trophoblast function with fewer capillary loops and
branches in the villus cores and with fibrin deposition
on the syncytial surface. The mesenchymal cores of
these villi also display increased density and areas of
the syncytium thin dramatically, all of which likely
contribute to the impaired fetal growth [85].

Pre-eclampsia, a clinical syndrome characterized
by hypertension and proteinuria that develops after
20 weeks’ gestation, is the leading cause of maternal
mortality in the industrialized world and increases
perinatal mortality five-fold. Although the etiology of
pre-eclampsia is unknown, the condition appears to
result from aberrant biological processes that occur
shortly after implantation, weeks or months prior to
the clinical manifestation of the disease. The character-
istic pathological lesion found in the placentas of
pre-eclamptic patients is shallow interstitial cytotro-
phoblast invasion and, more consistently, restricted
endovascular invasion [86]. In pre-eclampsia, cytotro-
phoblasts that invade uterine vessels fail to switch their
adhesion molecule repertoire to resemble that of vas-
cular cells [87]. The uterine arterioles, rather than
becoming large-bore, low-resistance vessels, therefore
remain as small-bore, high-resistance vessels that can-
not adequately respond to the ever-increasing fetal
demands for blood flow. The maternal physiology
responds with an elevation in blood pressure to
maintain adequate placental perfusion, and conse-
quently, the patient displays the clinical symptoms of
pre-eclampsia.
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Chapter

20 Recurrent implantation failure
Nick S. Macklon and Carolien M. Boomsma

Introduction
In recent years, much progress has been made in
improving embryo quality and selection for transfer
after in-vitro fertilization (IVF). However, despite
these advances, even when embryos are considered to
be of high quality using morphological and chromo-
somal criteria, implantation rates remain around
25–35% per embryo transfer procedure [1]. Recently it
has been demonstrated that around half of embryo
transfer procedures result in implantation, but only
half of these initiated implantations will result in an
ongoing pregnancy [2]. In the same study, around
two-thirds of pregnancy losses were shown to occur in
the immediate post-implantation period, resulting in a
negative clinical pregnancy test (Figure 20.1). When
considering where the ceiling on improving IVF results
may lie, it is important to realize that this apparently
high rate of peri-implantation failure mirrors that
reported in spontaneous conceptions (Figure 20.2) [3].

Nevertheless, when implantation failure after IVF
occurs, it is a cause of considerable frustration and
disappointment for all concerned. Recurrent implant-
ation failure (RIF) has been defined as three or more
unsuccessful IVF cycles or the failure of conception
after the replacement of 10 or more good-quality
embryos [4]. However in the age of single embryo
transfer (SET), fewer patients will undergo this num-
ber of embryo transfer procedures and alternative
definitions have therefore been proposed. The chance
of pregnancy per cycle tends to remain stable in the
first three attempts, but declines thereafter [5,6], sug-
gesting an underlying cause for implantation failure in
these patients rather than simple calculation of prob-
ability. Women who have undergone more than three
high-quality embryo transfer procedures without
achieving a positive pregnancy test may therefore be
considered to have recurrent implantation failure [7].

Around 10% of women undergoing IVF will meet
these criteria for diagnosis. Multiple etiologies for
implantation failure have been proposed (Figure 20.3).
They can be described in terms of maternal or embryo-
related factors, and may in some cases be iatrogenic. In
this chapter the principal putative causes of implanta-
tion failure are described, and therapeutic strategies are
reviewed.

Maternal factors

Tubal disease
With regard to the impact of tubal disease on implanta-
tion, there is now convincing evidence that distal patho-
logy associated with hydrosalpinx has a detrimental
effect. A meta-analysis evaluating differences in preg-
nancy rates after IVF in tubal infertility with or without
hydrosalpinx, showed an odds ratio (OR) 0.64 (95%
confidence interval (CI) 0.56–0.74) [8]. Current evidence
indicates that laparoscopic salpingectomy before IVF
treatment should be advised for women with hydrosal-
pinges: a meta-analysis of three randomized controlled
trials (RCT) comparing surgical intervention versus no
intervention showed an OR 1.8 (95% CI 1.1–2.9) [9]
(Johnson et al, 2002). The major study addressed in
this meta-analysis demonstrated that this effect was
entirely due to the positive effect among those with a
hydrosalpinx visible on ultrasound [10,11]. A recent
RCT compared the clinical impact of proximal tubal
occlusion and salpingectomy prior to IVF in patients
with hydrosalpinges. Proximal tubal occlusion was
shown to be as effective as salpingectomy in improving
implantation rates compared with no intervention [12].

Fibroids
The relationship between fibroids and fertility
remains controversial, but is generally considered to
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be related to the location, size and degree of associated
distortion of the endometrial cavity. Unfortunately,
no well-designed prospective studies are available to
guide practice in this field, and current opinion is
based primarily on data from retrospective studies.
One of these reported a 50% decrease in implantation
rate when intramural fibroids were present [13].
However, whether or not their removal improves out-
comes has not yet been clarified by a prospective

randomized study. A meta-analysis has suggested
that removing submucosal fibroids may confer some
benefit [14].

Thrombophilias
The principal thrombophilias associated with poorer
reproductive outcomes include the inherited thrombo-
philias caused by activated protein C resistance and
the factor V Leiden mutation, and antithrombin III,
protein C and S deficiencies. Acquired thrombophilias

Hydrosalpinx/
Endom. cavity COH

Embryo transfer

Embryo
(morphologic, genetic)

Thrombophilias

Endometrium
(morphologic, genetic)

Figure 20.3 Principal reported causes of recurrent implantation
failure. Figure courtesy of J. Garcia-Velasco.

Figure 20.2 An overview of the outcome of human conceptions.
Adapted from Macklon et al. 2002 [3].
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Figure 20.1 Treatment outcome
after embryo transfer (left bar) and
subsequent implantation (right bar).
From Boomsma et al. 2009 [2].
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associated with miscarriage and intrauterine growth
retardation include anticardiolipin antibodies and
lupus anticoagulant. While the precise role of thrombo-
philias as a cause of RIF remains unclear, a number
of studies suggest that they may be one of the contri-
buting etiologies. In one study, thrombophilias were
reported to be present in 44% of women presenting
with RIF, compared with 18% in a control cohort. In a
further study in which 10 thrombophilic genes were
screened, three or more mutations were observed in
74% of women with RIF compared with just 20% in
controls (P<0.005) [15]. Combined thrombophilia
was reported in 36% of women with RIF compared
to 3% rate normally reported in the general population.
Further data supporting the concept that combined
thrombophilias may be associated with RIF come
from a study in which 46% of affected women were
observed to have at least one thrombophilia [16].

Screening for these disorders is not merited in
routine practice, but may be indicated in recurrent
implantation failure. Although aspirin and heparin
offer a therapeutic strategy when combined thrombo-
philias are present, they have not been shown to
improve outcomes in randomized studies.

Endometrial abnormalities
The endometrium undergoes dramatic cyclical
changes in response to changing sex steroids levels.
In the mid-luteal phase, the endometrium becomes
receptive to implantation from approximately cycle
days 19 to 24 in a normal menstrual cycle, referred to
as the window of implantation [17,18]. Although a
multitude of complex molecular pathways modulate
this process, no specific individual factor in the endo-
metrium has been shown to be crucial for implanta-
tion in the human [19,20]. The development of DNA
microarray gene expression profiling has made it pos-
sible to investigate the endometrium from a global
genomic perspective. Altered expression of endome-
trial regulatory genes has been postulated as an under-
lying cause of infertility and implantation failure. A
number of studies have demonstrated that endome-
trial gene expression profiles change throughout the
menstrual cycle [21]. In addition, endometrial gene
expression has been investigated under non-
physiological and pathological conditions, such as
ovarian stimulated cycles [22–24]. These studies have
provided indirect evidence of genes involved in endo-
metrial receptivity. However, many of the gene tran-
scripts changing throughout the menstrual cycle may

not be involved in endometrial receptivity and many
dysregulated genes observed in cycles stimulated with
exogenous gonaodotropins, may represent different
dysregulated pathways compared with those occurring
in women with implantation failure after IVF
treatment.

The molecular profile of the receptive endome-
trium can be described by analyzing endometrial
secretions aspirated at the time of embryo transfer.
Van der Gaast et al. recently showed a correlation
between endometrial secretion glycodelin levels and
endometrial maturity as assessed by modified Noyes
criteria [25]. Moreover, Boomsma et al have recently
shown that successful implantation is associated with
increased levels of interferon inducible 10 kD protein,
and lower levels of monocyte chemoattractant pro-
tein 1 [26]. Ongoing pregnancy was predicted by
higher levels of tumor necrosis factor-alpha and
lower levels of interleukin-1beta in endometrial
secretions during the window of implantation.
Aspirating endometrial secretions prior to embryo
transfer has been shown not to disrupt implantation
[25,26] and may offer the basis of an objective test of
endometrial receptivity [26] .

At present, the thickness of the endometriumwhen
measured on ultrasound is considered by many to be
an important determinant of implantation success.
However, in a well-controlled study in donor oocyte
recipients with similar embryo quality, endometrial
thickness did not predict implantation. Many adjuvant
therapies prescribed to improve implantation rates are
aimed at modulating endometrial receptivity, and
these are reviewed later in the chapter.

The embryo factor
Human embryos are known to demonstrate high rates
of aneuploidy, and this appears to be increased when
ovarian stimulation with high-dose exogenous gonado-
tropins is employed [27]. A number of these may
reflect maternal or paternal chromosomal abnormal-
ties, and there is some evidence of increased rates of
balanced translocations in women who have failed to
conceive after the transfer of 15 embryos [28] . There
may therefore be a place for karyotypic evaluation in
couples with recurrent failure of this degree.

Since embryo aneuploidy has been reported to be
present with higher frequency in women with recur-
rent implantation failure [29], there would appear to
be an important role for pre-implantation genetic
screening (PGS) in improving outcomes in RIF. By
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removing one or two blastomeres at the 3-day stage of
development, and subjecting these to analysis by fluor-
escent in-situ hybridization (FISH), the presence of
aneuploidy can be tested, and those embryos which
meet both morphological criteria for selection, and in
which no chromosomal abnormality is detected can be
transferred. The theoretical benefits of PGS have
resulted in a rapid growth in its application and it is
now offered inmany clinics to women with a history of
RIF. However, although a large number of retrospect-
ive studies have encouraged the belief that PGS could
revolutionize embryo selection and IVF outcomes, the
few randomized trials thus far published have not been
able to demonstrate a clear benefit.

There are a number of possible explanations for
this. Protagonists suggest that poor results reflect poor
individual technique in applying the tests, whereas
skeptics point to the invasive nature of the test, the
limited (and therefore insufficiently representative)
number of chromosomes analyzed by current FISH
techniques, and the phenomenon of chromosomal
mosaicism. It is now clear that many developing
embryos contain blastomeres of variable chromoso-
mal constitution, and that the presence of aneuploidy
in one cell does not necessarily reflect the situation
in other cells. The risk of misdiagnosis is therefore
considerable [30] .

A number of challenges therefore remain before
the place of PGS in the armory of the embryologist
can be confirmed. While technical improvements will
be helpful, the developmental importance of mosai-
cism, and how it should be interpreted when selecting
embryos needs to be more fully understood. Until
then, PGS should only be offered to women with RIF
in a research setting [31].

As an alternative strategy for overcoming the clin-
ical problem of recurrent implantation failure, endo-
metrial co-culture systems have been advocated as a
means of improving the implantation potential of
embryos generated by IVF. The rationale is based on
the supposition that the embryo can benefit from
exposure to factors such as cytokines, growth factors
and nutrients secreted by the endometrium, which
in theory can also remove potentially harmful metab-
olites from the culture medium. Most systems in
current use involve co-culture of homologous endo-
metrial epithelial cells with embryos. Using such a
system, Mercader et al. reported high blastocyst for-
mation rates [32] of up to 58%. In a study of 1030
women with RIF, Spandorfer et al. reported a

pregnancy rate of 49% [33]. Prospective randomized
studies are however still required in order to clarify the
role and value of this approach.

Another intervention aimed at facilitating contact
between embryo and endometrium is assisted hatch-
ing. This technique involves the creation of a hole in
the zona pellucida by chemical or mechanical means,
and by doing so, facilitating the exit of the embryo
from within the zona and improving contact with the
endometrium. A number of indications for this tech-
nique have been suggested, such as in older women,
RIF or when there is evidence of a thickened zona
pellucida. While retrospective studies indicated a pos-
sible benefit in women with RIF [34,35], this has not
been confirmed in prospective randomized studies.
Currently available data, scrutinized by meta-analysis
[36], reveal that there is insufficient evidence to sup-
port the use of assisted hatching outwith a research
setting.

The clinical approach
When faced with a patient presenting with recurrent
implantation failure, a number of possible causes
should be excluded before further management and
support is instituted. Although data from randomized
studies are not available to support routine hystero-
scopy for the evaluation of the uterine cavity prior to
IVF, it can be reassuring to both clinician and patient
if structural intrauterine pathology, can be excluded.
An endometrial biopsy taken during this procedure
may identify the presence of an endometritis, which
may respond to antibiotic treatment. Careful ultra-
sound assessment of the fallopian tubes may reveal a
hydrosalpinx, which can vary in size with time, and
which may have previously been missed.

The assessment of presence of autoantibodies
and thrombophilia may be considered although as
described earlier, the evidence for their role in RIF,
and the impact of treatment on IVF outcomes is
unclear.

In the majority of cases, no specific cause will be
identified. There is however considerable pressure on
clinicians to offer remedial therapies when recurrent
implantation failure presents. A number of strategies
are outlined below, and summarized in Table 20.1[37].

Ovarian stimulation regimen
The contemporary approach to ovarian stimulation in
IVF treatment is based on the perceived need to
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Table 20.1 What can the clinician do to improve embryo implantation? A summary.

What can the clinician do
to improve implantation?

(Presumed) method of action Empirical use in non-selected IVF population

Careful embryo transfer
technique

Minimize trauma and cervical
manipulation

Soft ET catheter: significantly higher pregnancy rates

Adjuvant pharmaceutical therapies

Aspirin Vasodilatation and anticoagulant
properties

No significant beneficial effect on pregnancy rates in a
non-selected IVF population

Nitric oxide donors Uterine vasodilatation No significant beneficial effect on pregnancy rates.
Possible detrimental effect on the embryo

Aromatase inhibitors Reduction in estrogen synthesis:
improving endometrial receptivity

No significant beneficial effect on pregnancy rates in a
non-selected IVF population

Ascorbic acid Anti-inflammatory and
immunostimulant effects

No significant beneficial effect on pregnancy rates in a
non-selected IVF population

Prolonged progesterone Luteal phase supplementation in a
downregulated cycle

No significant beneficial effect on pregnancy rates in a
non-selected IVF population

Luteal E2 supplementation Luteal phase supplementation in a
downregulated cycle

Application of luteal E2 supplementation remains
controversial

Glucocorticoids Immunomodulatory effect reduction
number NK cells

No significant beneficial effect on pregnancy rates in a
non-selected IVF population

Insulin sensitizing drugs Minimizing insulin resistance No significant beneficial effect on pregnancy rates,
may reduce miscarriage/OHSS rate in PCOS; empirical
use in a non-selected IVF population has not been
investigated

GnRH agonist LH-releasing properties Can possibly be exploited as luteal support: no beneficial
effect on implantation rates described

Ovarian stimulation

Mild stimulation regimens Improvement of endometrial receptivity
and embryo quality

Comparable IVF outcomes, despite fewer oocytes

Prediction of optimal starting
dose FSH in the patient

Optimal stimulation level Prediction models may have a role. In the future,
pharmacogenetics is likely to become important

Selecting optimal embryo, endometrium and patient

Pre-implantation genetic
screening

Selection of euploid embryos No RCTs in a non-selected IVF population have been
published yet

Marker for endometrial
receptivity

Correcting and optimizing receptivity
prior to embryo transfer

A reliable test remains elusive

Selecting patients for single
embryo transfer (SET)

Identification of patients in which SET
does not reduce the pregnancy rate

No prospective analysis of prediction models has yet
been performed.

Optimize lifestyle and nutrition Optimizing oocyte and semen quality
and implantation rates. Decrease rate
pregnancy complications

Significantly higher pregnancy rates among women
with a lower BMI, non-smokers. Higher miscarriage rate
in women using caffeine or alcohol

Adapted from Boomsma et al. [37].
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maximize the number of oocytes available for fertiliza-
tion, in order to generate multiple embryos for selec-
tion and transfer. Ovaries are stimulated with
exogenous FSH in order to obtain multiple oocytes
during IVF treatment. However, ovarian hyperstimu-
lation and the resultant elevated estradiol levels have
been shown to impact negatively on endometrial
receptivity [38–40]). Endometrial receptivity may
have declined due to advanced post-ovulatory
endometrial maturation and defective induction of
progesterone receptors. Supra-physiological estrogen
concentrations may increase sensitivity to progester-
one action and lead to secretory advancement. Studies
of the impact of ovarian stimulation on endometrial
maturation several days after ovulation have shown
either no effect or endometrial delay. Additionally, a
study on endometrial histology has shown that
advancement on the day of oocyte retrieval exceeding
3 days, was associated with no subsequent pregnancies
[41]. Moreover, the magnitude of estrogen dose to
which the endometrium is exposed has been shown
to affect the duration of the receptive phase [42].
Kolibianakis et al. have demonstrated the effect of
prolongation of the follicular phase by delaying hCG
administration by 2 days in a randomized controlled
trial. They showed endometrial advancement on the
day of oocyte retrieval of 2–3 days in all women when
hCG was delayed versus no secretory changes in the
control group [43].

Increasing awareness of the possible detrimental
effects of standard ovarian stimulation regimens on
endometrium and embryo has stimulated a reassess-
ment of the optimal approach to ovarian stimulation
for IVF [39,44] 2000). Increasing knowledge regarding
the physiology of ovarian follicle development,
together with the clinical availability of GnRH antag-
onists, which allows ovarian stimulation to be com-
menced in the undisturbed menstrual cycle, has
presented the opportunity to develop novel, milder
approaches for ovarian stimulation for IVF [40,45].
In an RCT, it has been shown that the initiation of
exogenous FSH (fixed dose, 150 IU/day, GnRH antag-
onist co-treatment) as late as cycle day 5 results in a
comparable clinical IVF outcome, despite a reduced
duration of stimulation (and total dose of FSH given)
and increased cancellation rates [46]. The quality of
embryos obtained after mild stimulation was signifi-
cantly greater compared with the conventional long
protocol. Moreover, almost all the pregnancies after
minimal stimulation were observed in patients with a

relatively low oocyte yield, whereas no pregnancies
were observed when a similar yield was obtained
after conventional IVF.

In a recent randomized study, pre-implantation
genetic screening (PGS) was employed to investigate
the chromosomal constitution of embryos obtained
after conventional ovarian stimulation compared
with embryos obtained after mild ovarian stimula-
tion [27] . Although more oocytes were obtained in
the conventional ovarian stimulation group, the mild
group demonstrated an increased percentage of
euploid embryos per number of oocytes retrieved.
These observations support the concept of a “nat-
ural” selection of oocytes during follicular develop-
ment which may be overridden by conventional
“maximal” stimulation protocols. Employing mild
stimulation regimens may aid embryo selection by
increasing the chance that the transferred embryo is
euploid.

Embryo transfer technique
The technique of embryo transfer (ET) has been
shown to be an important factor in determining the
outcome of assisted reproductive technology (ART)
cycles. A number of studies have shown that signifi-
cant improvements in clinical pregnancy rates can be
achieved by giving due attention to the technique
employed.

Stiff catheters make catheter placement easier when
difficulty in passing the catheter through the cervix is
experienced. These catheters are, however, associated
with more bleeding and trauma. Additionally, cervical
manipulation may result in an increase in uterine con-
tractions, which have been observed to hinder IVF out-
come [47]. A recent meta-analysis of seven RCTs,
comparing stiff and soft ET catheters, showed signifi-
cantly increased pregnancy rates when soft catheters
were applied (OR 1.34, 95% CI 1.18–1.54) [48].

In current practice, embryo transfer during IVF
treatment is usually performed “blindly,” with the aim
of placing the embryos 1 cm below the fundus of the
uterus. However, transferring embryos lower in the
uterine cavity has been suggested to improve implant-
ation rates. In a prospective trial, the effects of both
the distance from the fundus and the relative position
in the uterus of the catheter tip were investigated.
Significantly better results were obtained when the
catheter tip was positioned close to the middle of the
endometrial cavity [13] . In this study, the absolute
distance from the fundus appeared less important.
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However, another randomized study revealed signifi-
cantly higher implantation rates when embryos were
deposited 1.5 or 2 cm from the fundus compared with
1 cm [49]. As a result of these and other similar studies,
many centers have adjusted their ET procedures. It has
been recently postulated that embryo transfer in the
lower uterine segment may result in an increased risk
of placenta previa, since a six-fold higher risk of pla-
centa previa in singleton pregnancies conceived by
assisted fertilization compared with naturally con-
ceived pregnancies has been reported [50].

The blind nature of traditional “clinical touch”
embryo transfer had led to the suggestion of the use
of ultrasound to improve IVF outcome. Following
initial encouraging reports, there have been numerous
studies evaluating the use of ultrasound-guided
embryo transfer. A meta-analysis of four RCTs com-
paring ultrasound-guided embryo transfer versus clin-
ical touch showed a significantly higher pregnancy rate
and implantation rate after ultrasound-guided transfer
(1.38, 95% CI 1.20–1.60) [51].

During embryo transfer it is likely that bacteria
from the cervix may be introduced into the uterine
cavity. Bacterial vaginosis (BV) is characterized by an
overgrowth of anerobic organisms and the prevalence
among women undergoing IVF is approximately 25%
[52]. There is growing evidence that the pathogenic
effects of bacterial vaginosis may not be confined to the
lower genital tract. Histopathological evidence of
plasma cell endometritis was seen in almost half of
the women with symptomatic BV [53]. There is no
consensus in the literature whether BV is associated
with the success of embryo implantation. Salim et al.
reported a significantly higher pregnancy rate among
women without cervical colonization in the cervix
versus women with bacterial colonization (30.7%
versus 16.3%) [54]. However, other studies have not
revealed this correlation [52]. At present, routine
screening for bacterial vaginosis in the hope of
improving the success of IVF treatment is not justified.

Adjuvant medical therapies
Adjuvant medical therapies to those required for ovar-
ian hyperstimulation are frequently applied in an
empirical manner with the aim of improving embryo
implantation and particularly when the clinician is
faced with recurrent implantation failure. However,
the evidence for their efficacy and safety does not
always justify the enthusiasm with which they are
prescribed.

Aspirin
The rationale for the use of aspirin as an adjuvant drug
in IVF is based on its vasodilatation and anticoagulant
properties. The main method of action of aspirin is the
inhibition of cyclo-oxygenase (the rate-limiting
enzyme in the prostaglandin synthesis pathway) and
subsequent reduction of platelet aggregation. As a
result, blood perfusion to the ovaries and the endome-
trium are both presumed to be improved. Indeed, a
significant improvement in the uterine blood perfu-
sion (reduction of the pulsatility index of the uterine
artery) in the peri-implantation period after aspirin
supplementation has been shown [55] .

Aspirin has been shown to be effective in combin-
ation with heparin, in the treatment of recurrent
miscarriage in women with antiphospholipid antibody
syndrome (APS) [56]. However, efficacy in recurrent
miscarriage in women without APS has not been pro-
ven [57]. In the context of IVF treatment, a random-
ized controlled trial was performed comparing aspirin
plus heparin treatment with placebo from embryo
transfer onwards in 143 women with antiphospholipid
or antinuclear antibodies with a history of embryo
implantation failure [58]. No significant differences
in implantation or pregnancy rates were observed.

Randomized controlled studies investigating the
use of aspirin in a non-selected IVF population as an
empirical therapy have shown conflicting results
(Table 20.2). One study showed significantly improved
ovarian response and implantation rates [59], all other
studies showed no significant differences [60–63].
A meta-analysis of 10 RCTs showed no statistically
significant improvement in clinical pregnancy rates
with aspirin versus no or placebo treatment (OR
1.18, 95% CI 0.86–1.61) [64]. At present there is insuf-
ficient evidence to support the use of aspirin outwith
the context of randomized controlled trials.

Nitric oxide donors
Nitric oxide (NO) acts as a relaxant of arterial and
smooth muscle, and inhibits platelet aggregation. On
the day of either human chorionic gonadotropin
(hCG) administration or embryo transfer, a high
resistance to uterine blood flow is reported to be cor-
related with a poor clinical outcome for patients
undergoing IVF [65]. These observations suggested
that uterine vasodilatation induced by a NO donor
might improve endometrial receptivity.

However, while initial studies suggested beneficial
effects on ovarian response and implantation [66],
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more recent studies have suggested a detrimental effect
of NO on implantation [67]. In addition, a recent
prospective study of women undergoing IVF reported
an association between high follicular NO levels and
advanced embryo fragmentation and implantation
failure [68]. Although subgroups of women may be
identified who benefit from NO donor therapy, at
present the available data demand caution in its use,
which at present should be restricted to well-designed
studies.

Aromatase inhibitors
The conversion of androstenedione and testosterone
to estriol and estradiol, respectively, is blocked by
aromatase inhibitors [69]. This approach reduces the
amount of estrogens synthesized, rather than antagon-
izing estrogen feedback activity at the hypothalamic-
pituitary axis as with clomiphene citrate. As a result,
gonadotropin secretion is increased and follicular
growth is stimulated. Moreover, by preventing exces-
sive estradiol synthesis, it has been hypothesized that
adjuvant treatment with aromatase inhibitors during
ovarian stimulation may result in less disruption of
endometrial receptivity. One RCT has been performed
on women with a poor ovarian response (defined by
Goswami et al. [70] as less than two dominant fol-
licles). Women using aromatase inhibitors required a
significantly lower total dose of FSH, however, the
pregnancy rates were comparable [71]. These results
are in line with three non-randomized trials investi-
gating aromatase inhibitors as an adjunct treatment in
normal responders [71–73]. Only a subgroup of
women with PCOS showed significantly higher preg-
nancy rates after addition of an aromatase inhibitor
[73]. While of considerable potential value, further
studies are required to confirm the value and safety
of aromatase inhibitors in IVF.

Ascorbic acid
Ascorbic acid (AA) appears to be involved in normal
folliculogenesis [74] and luteal formation and regres-
sion [75] . Moreover, transient high plasma levels can
be achieved by a high-dose intake of AA, which can
exert anti-inflammatory and immunostimulant
effects. These effects might benefit embryo implant-
ation. An imbalance of oxidative stress and antioxidant
defence has been implicated in the pathogenesis of
several diseases, including recurrent abortion, unex-
plained infertility and defective embryo development.
However, an RCT investigating the effect of 1, 5 or

10mg of AA versus a placebo during the luteal phase
in 620 women undergoing IVF showed no difference in
implantation rates [76].

Glucocorticoids
Locally-acting growth factors, cytokines and uterine
natural killer (uNK) cells control uterine receptivity
during the window of implantation [19]. Studies on
murine knock-out models have shown the effect of NK
cells on fertility and pregnancy outcome[77] . The
uNK cells accumulate around arteries supplying the
implantation site. A defect in the integrity of the
number of uNK cells has also been implicated in
implantation failure among women undergoing
IVF. Higher numbers of NK cells in endometrial biop-
sies from women with implantation failure versus
fertile controls have been reported [78]. In women
with recurrent miscarriage prednisolone has been
shown to reduce the expression of uNK cells in the
endometrium [79]. There is therefore evidence to
support a possible role for glucocorticoids in improv-
ing the intrauterine environment by acting as an
immunomodulator.

A meta-analysis of 13 randomized controlled trials
including a total of 1759 couples showed no evidence
that glucocorticoids improved clinical outcome (OR
1.16, 95% CI 0.94–1.44). However, a subgroup analysis
of 650 women undergoing IVF rather than ICSI (six
RCTs) revealed an improvement in pregnancy rates of
borderline statistical significance for women using
glucocorticoids (OR 1.50, 95% CI 1.05–2.13)
(Figure 20.4) [80]. Overall, there is at present insuffi-
cient evidence to support the empirical use of gluco-
corticoids to improve implantation in IVF. Moreover,
the potential deleterious effects of prolonged glucocor-
ticoid therapy on pregnancy with premature delivery
should be considered [81]. However, there may be a
specific role for this therapy in subgroups of patients,
such as women with antiphospholipid syndrome. Two
RCTs investigating implantation rates among women
with positive anti-nuclear, anti-double-stranded DNA,
anti-cardiolipin antibodies and lupus anticoagulant,
reported significantly higher pregnancy rates after glu-
cocorticoid administration [82,83]. Further research is
necessary to clarify the role of glucocorticoid therapy
as an aid to implantation in certain well-defined sub-
groups of patients.

Other immunosuppressive therapies which have
been advocated include immunogammaglobulin infu-
sions and recombinant anti-TNF-α. These treatments
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should be subject to properly designed studies in order
to confirm efficacy and safety before they are consid-
ered for use in clinical practice [84].

What can the patient do?
There is now a substantial amount of evidence show-
ing that environmental and lifestyle factors influence
the success rates of ART [85,86], and it is therefore
important that serious attempts are made to provide
adequate preconceptional screening counseling and
interventions in order to optimize health prior to
starting IVF. The importance of full medical assess-
ment prior to IVF treatment is increasing as the aver-
age age of our patients continues to rise. A greater
proportion of infertility patients may now also present
with concurrent medical conditions which may
impact on the safety and management of the IVF
treatment as well as pregnancy. The appropriate man-
agement of the medically complicated patient present-
ing for IVF can be complex and often requires an
interdisciplinary approach. For further information
in this field, the reader is referred to Macklon [87] .

The most important lifestyle factor impacting on
fertility outcomes is tobacco smoking. Smoking dur-
ing pregnancy has long been known to increase the
risk of a number of adverse obstetric and fetal out-
comes such as miscarriage, placenta previa, pre-term
birth and low birthweight [86]. In recent years the

association between smoking and infertility in women
has become clear. Chemicals present in cigarette
smoke can reach the developing egg in vivo, as both
cotinine, the metabolite of nicotine, and cadmium
and heavy metal in cigarette smoke are increased in
the follicular fluid surrounding the egg [88] . It has
also been demonstrated that active smoking increases
oxidative stress in the growing follicle and cytotoxi-
city in the egg and surrounding granulosa cells [89].
Reports have appeared linking smoking to damage
of the meiotic spindle in oocytes, increasing the risk
of chromosomal errors [90]. In men who smoke,
all parameters of sperm quality are reduced [86].
Smoking in men and passive smoking in women
has been associated with a longer time to achieve a
pregnancy [86].

The effects of smoking on live-birth rate among
women who undergo IVF is similar in magnitude to
the effect of an increase in female age of more than
10 years [85]. As a result, smokers require twice as
many IVF cycles to become pregnant as non-smokers
[85]. A recent ASRM Practice Committee publication
on smoking and infertility has highlighted the
considerable contribution of smoking to infertility
and treatment outcomes and the need for a more
proactive approach to stop smoking prior to fertility
treatment [91].

Epidemiological evidence clearly shows that being
overweight contributes tomenstrual disorders, infertility,

Review:Peri-implantation glucocorticoid administration for assisted reproductive technology cycles
Comparison:01 Glucocorticoids versus no glucocorticoids/ placebo
Outcome:04 Pregnancy rate per couple: type of ART

Study
or sub-category

 Glucocorticoids
 n/N

 Control
 n/N

 OR (fixed)
 95% CI

 Weight
 %

 OR (fixed)
 95% CI

01 Pregnancy rate after IVF
 Kemeter 1986
 Moffitt 1995
 Ando 1996
 Bider 1996-1
 Mottla 1996
 Kim CH 1997
Subtotal (95% CI)
Total events: 129 (Glucocorticoids), 104 (Control)
Test for heterogeneity: Chi² = 3.09, df = 5 (P = 0.69), I² = 0%
Test for overall effect: Z = 2.24 (P = 0.02)

16/73               6/73
9.19     3.13 [1.15, 8.54]42/103             37/103

42.98     1.23 [0.70, 2.16]12/23              16/35
11.90     1.30 [0.45, 3.72]9/54               4/24
9.05     1.00 [0.28, 3.63]17/39              12/36

13.81     1.55 [0.60, 3.95]33/43              29/44
13.07     1.71 [0.66, 4.38]335                315

100.00     1.50 [1.05, 2.13]

02 Pregnancy rate after ICSI
Tan 1992
Catt 1994
Ubaldi 2002
Ezzeldin 2003
Duvan 2006
Subtotal (95% CI)
Total events: 121 (Glucocorticoids), 114 (Control)
Test for heterogeneity: Chi² = 0.84, df = 4 (P = 0.93), I² = 0%
Test for overall effect: Z = 0.00 (P = 1.00)

7/17               5/14 3.95     1.26 [0.29, 5.42]
8/56               6/55 6.35     1.36 [0.44, 4.22]

21/50              24/50 17.05     0.78 [0.36, 1.73]
66/267             65/259 60.84     0.98 [0.66, 1.46]
19/50              14/40 11.81     1.14 [0.48, 2.70]440                418 100.00     1.00 [0.74, 1.36]

 0.1  0.2  0.5  1  2  5  10

 Favors control Favors steroids

Figure 20.4 Adjuvant glucocorticoid administration and pregnancy outcome in IVF and ICSI. From Boomsma et al. 2009 [80].
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miscarriage, poor pregnancy outcome, impaired fetal
wellbeing and diabetes mellitus [92]. Overweight
women (BMI > 27 kg/m2) have been shown to have
a 33% reduced chance of a live-birth after their first
IVF cycle compared with women with a body mass
index 20–27 kg/m2. The association was strongest in
women with unexplained infertility [85]. In men a
BMI <20 or >25 kg/m2 is associated with reduced
sperm quality [86].

A number of studies have shown that weight loss
can improve fecundity in overweight women, and
many centers include weight-loss programs as part of
their fertility treatment. However, few data are avail-
able regarding the impact of type of diet on IVF out-
comes. Recent studies have highlighted the
importance of certain nutritional factors. Folic acid
supplementation was shown to alter the vitamin
microenvironment of the oocyte [93], while seminal
plasma cobalamin levels were demonstrated to affect
sperm concentration [94]. Moreover, intake of alcohol
and caffeine are associated with the success rate of IVF.
A high intake of caffeine has been linked to an
increased risk of spontaneous abortions and lower
live-birth rates after IVF treatment. Similarly, female
alcohol consumption was associated with a decrease in
pregnancy rates and an increase of spontaneous mis-
carriages. Male alcohol consumption up to one week
before sperm collection may increase the risk of mis-
carriage [86]. While few data from lifestyle studies
relate specifically to the process of implantation,
patients with negative lifestyle factors who suffer
recurrent implantation failure should be encouraged
to optimize all amenable factors to improve the chance
of success from further treatments.

Conclusions
Recurrent implantation failure is a significant and
distressing clinical problem. As this chapter shows,
the number of evidence-based therapeutic options to
manage this condition are limited. There are three
main reasons for this. Firstly, the etiology of the con-
dition is very heterogeneous. Prospective studies are
therefore unlikely to reveal a benefit from specific
therapies unless the included patients are carefully
phenotyped to reduce the heterogeneity of the study
cohorts. Secondly, the huge complexity of the pro-
cesses which govern implantation failure mean that it
is unlikely that the problem can be solved by address-
ing just one aspect. Thirdly, studying endometrial/

embryo interactions in the human is very challenging.
In-vitro models are now providing a window on this
process, and recently developed non-invasive tests of
endometrial receptivity may increase our understand-
ing of the molecular mechanisms disrupted in RIF,
and those potentially amenable to therapeutic
intervention.

At present however, our attention should be
focused on optimizing those factors known to influ-
ence the chance of successful implantation. Increasing
awareness of the possible detrimental effects of ovarian
hyperstimulation and their burdens on the patient has
stimulated development of milder ovarian stimulation
regimens. Standard ovarian hyperstimulation and the
resultant supraphysiological estradiol levels have been
shown to impact negatively on endometrial receptivity
and embryo quality. Studies of mild ovarian stimula-
tion regimens have shown encouraging results.
Although fewer embryos are obtained, an increased
percentage of euploid embryos per number of oocytes
retrieved has been reported. Therefore, in addition to
causing less disruption of endometrial receptivity,
mild ovarian stimulation may therefore also improve
embryo quality.

Despite this, clinicians continue to strive to find
adjuvant interventions, which can improve the chan-
ces of their patients to successfully conceive. However,
the evidence for their efficacy and safety, supporting
the application of the most commonly prescribed drug
interventions during ART and subsequent pregnan-
cies, is limited, therefore their use should be restricted
to well-designed studies. Embryo implantation failure
can be caused by multiple factors; as a result, no single
additional treatment is likely to be the key solution.
Until our understanding of the factors which deter-
mine the ability of an embryo to successfully implant
are better understood, it is unlikely that additional
medical interventions, such as those addressed in this
chapter, will be shown to have anything but a marginal
effect on IVF outcomes.

While much progress has been made in technical
aspects of IVF treatment to optimize embryo quality and
stimulation regimens, it is becoming increasingly clear
that patient-related factors may be just as important or
more important in determining the chance of success of
treatment. Due attention to lifestyle factors may be as
effective as more expensive and complex medical inter-
ventions for improving implantation rates.

In summary, many clinical interventions aimed at
increasing the chance of implantation in IVF have
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been proposed but few have been shown to be effective
in well-designed studies. Significant improvements in
clinical pregnancy rates can be achieved by giving due
attention to embryo transfer technique. However, the
empirical use of adjuvant medical therapies during
IVF treatment have not been shown to be effective,
and may in some cases be detrimental. Subgroups of
patients who may benefit from such therapies still
need to be identified. In most cases, no clear cause
for RIF will be found, and management should focus
on optimizing all aspects of IVF therapy, preconcep-
tional health and counseling the couple. With regard
to the latter the chances of success achievable with
IVF should be considered within the context of what
nature can achieve following spontaneous conception
(Figure 20.2).
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Chapter

21 Trophoblast biology and early pregnancy
Peter R. Stone and Larry W. Chamley

Introduction
Implantation of the embryo and establishment of the
placenta takes place during the first trimester of preg-
nancy and placentation is tightly regulated, althoughwe
do not as yet have a full understanding of the relevant
controls. Failure to establish normal placentation may
result not only in embryonic/fetal compromise in early
gestation but may also lead to poor outcomes later in
gestation if the fetus is not provided with an adequate
maternal blood supply. In addition, abnormal placen-
tation may include excessive invasion into the myome-
trium. This chapter briefly examines the role of the
unique cells of the placenta, the trophoblast, in the
establishment of the placenta and the changes tropho-
blasts induce in the uterine environment.

Implantation overview
The very earliest stages of human implantation are
poorly documented due to lack of specimens and
both ethical and practical constraints that prevent
in vitro study of the first few days of implantation.
Much of what we do know about early implantation is
derived from the studies of early implantation sites
that are mostly found in historical collections such
as the Boyd collection, held in Cambridge, UK, and
from analogy with other primate species [1]. Indeed,
pre-eclampsia, a disease at least in part associated with
abnormal placentation occurs in women and few non-
human primates [2] and only studies in such species
with hemochorial placentae are relevant to the human
situation. For those interested in studying in greater
detail early human implantation the outstanding
monograph reporting the findings from the Boyd col-
lection, despite its age, is still singularly useful [1].

Implantation commences with the hatched blasto-
cyst attaching to the uterine wall at approximately 6
days post-conception. The blastocyst then burrows

into the receptive uterine decidua and the uterine
luminal epithelium heals over the implanted embryo.
The trophectoderm of the blastocyst, now referred to
as the trophoblast is thought to form a primary syn-
cytiotrophoblast layer by fusion of adjacent cytotro-
phoblast cells at the pole of the blastocyst in direct
contact with the decidua. This syncytiotrophoblast
layer is non-proliferative and is expanded and regen-
erated by fusion of additional mononuclear cytotro-
phoblasts into the layer. The syncytiotrophoblast
secretes enzymes that facilitate the further invasion
of the newly forming placenta into the uterine decidua.
As the trophoblast layer expands, it forms projections
into the decidua which are referred to as trabeculae
with gaps in the maternal tissue between the trabeculae
being referred to as lacunae. This state is thought to
persist only until about day 12 post-fertilization at
which point the trabeculae are invaded by mononu-
clear cytotrophoblasts which form a layer on the
embryonic side of the syncytiotrophoblast, giving
rise to structures called primary villi. From this point
on the trabeculae are referred to as villi and the lacunae
between them as the intervillous space. During the
next stage of villous development, cells of the extra-
embryonic mesenchyme invade the primary villi to
form a loose stromal core. These villi are now referred
to as secondary villi. Then by approximately days
19–20 post-conception, vascular structures arise in
the villi which are then termed tertiary villi. By the
end of the third week after conception, a true arterio-
capillary-venous circulation has developed and the
fetal heart has commenced activity. New villous
branches arise as the placenta expands, but for the
remainder of the pregnancy the majority of villi are
tertiary villi. Thus during the first trimester, most villi
are characterized by an outer syncytiotrophoblast,
underlain by an obvious villous cytotrophoblast layer
and a minimally cellular stromal core containing a few
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fetal capillaries (Figure 21.1). At the same time as the
villi are forming vasculogenesis begins in the extraem-
bryonic mesoderm of the yolk sac, the connecting stalk
and the chorion [1]. The early embryonic circulation
has been visualized by Doppler ultrasound using
transvaginal scanning [3]. These studies have shown
detectable yolk sac circulation (blood flow velocities)
by 5+ gestational weeks which declined to being unde-
tectable again after 10 gestational weeks. During this
period the umbilico-placental circulation was estab-
lished with blood flow velocities increasing from a
mean of 7.2 cm/s at 8 weeks to 13 cm/s at 10 weeks
consistent with the placenta replacing the yolk sac as
the major source of blood/nutrient supply to the
embryo-fetus.

Trophoblast invasion of the decidua
Throughout pregnancy the villi are covered by an essen-
tially continuous layer of syncytiotrophoblast. However
early in gestation, in structures known as anchoring villi
(Figure 21.1), villous cytotrophoblasts breach the syn-
cytiotrophoblast layer and form columns of migratory
extravillous trophoblast which move away from the
placenta spreading laterally around the implantation
site to form the cytotrophoblastic shell which eventually
completely encompasses the implantation site. More
importantly from a functional point of view, these

extravillous trophoblasts invade both the maternal
decidual stroma, and the decidual spiral arteries.
Extravillous trophoblasts that invade the decidual
stroma would appear to function to attach the placenta
to the uterine wall but also assist in the transformation
of the spiral arteries. These stromal (or interstitial)
trophoblasts appear to migrate preferentially towards
the spiral arteries and to be involved in the remodeling
of the spiral artery walls [4]. It seems intuitively likely
that the initial route of entry of the trophoblasts to the
spiral artery lumens is via the decidual stroma.
Endovascular trophoblasts occupy the lumen of the
maternal spiral arteries and migrate deeper into the
uterus as gestation progresses such that, in a normal
pregnancy, by about 20 weeks’ gestation the endovas-
cular trophoblasts have migrated as far as one-third
of the distance through the myometrium from
the decidua/myometrial boundary [5]. The invasive
trophoblasts that are associated with the spiral arteries
perform two crucial tasks. Firstly, between them the
endovascular and perivascular trophoblasts transform
the spiral arteries from narrow-bore muscular vasoac-
tive vessels that are capable of responding to maternal
vasoconstrictive stimuli into larger flaccid vessels that
are not responsive to maternal vasoconstricting signals
[5]. This transformation of the spiral arteries is referred
to as the “physiological changes of pregnancy” [5].
Transformation of the spiral arteries is achieved by
digestion of the muscular wall of the vessels and diges-
tion of the elastic lamina while endovascular tropho-
blasts replace the endothelial cells that line the spiral
arteries. It appears that the invading extravillous tropho-
blasts are able to induce the death, by apoptosis (i.e.
physiological cell death), of both the vascular endothe-
lial cells and smooth muscle cells of the spiral arteries
[6–9]. Using in vitro models, it has been shown that the
invading trophoblasts induce vascular cell death by a
combination of systems that induce apoptotic cell death
including the Fas/Fas-ligand pathway, although other
systems may also be involved [6,8]. In the same experi-
mental model, invasive trophoblasts were shown to
upregulate the expression of metalloproteinases which
aid the digestion of the protein components of the
spiral artery walls [7]. This transformation of the spiral
arteries is essential to allow the massively increased
blood supply that will be required by the fetus for
growth during the second and third trimesters.
Initially these observations of spiral artery transforma-
tion were determined following the examination
of whole or biopsied implantation sites [1,5]. More

Figure 21.1 An example of an anchoring villous from a first
trimester placenta. The anchoring villous is on the left of the
image with a column of extravillous cytotrophoblasts invading out
of the villous (white arrows) and migrating toward the uterine
decidua (white arrow head). The double layer of villous
trophoblasts can be clearly seen with the syncytiotrophoblast
facing the intervillous space (black arrowhead) and the villous
cytotrophoblast on the fetal side (tailed black arrow). Hematoxylin
and eosin stained.
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recently, alterations in the uteroplacental blood flow,
measured by Doppler ultrasound examinations, have
confirmed these findings. By 11 post-menstrual weeks,
uterine arterial Doppler signals may be reliably
recorded and standards have been developed [10].
Gomez et al. [10] using transvaginal scanning between
11 and 14 weeks found that the greatest changes in
pulsatility indices (fetal – umbilical and maternal –
uterine) occurred at 13–14 weeks. This may be a bio-
physical correlate to the establishment of the early
definitive placental circulation and increase in perfu-
sion of the intervillous space. To date, uterine arterial
Doppler velocimetry has not been shown to have suffi-
cient predictive power to be a screen for later conditions
of utero-placental vascular impairment, in the general
population. Recent work combining 11–13 week and
20–24 week velocimetry has shown high detection rates
for pre-eclampsia in a study group. Of interest the
changes in pulsatility indices between 11–136 and
20–246 were also independently predictive of pre-
eclampsia [11]. In that study [11] and in a prospective
study of nulliparous women only [12], uterine artery
Doppler velocimetry had higher predictive values for
fetal growth restriction than pre-eclampsia, suggesting
that in the latter condition an abnormal maternal
response to the pregnancy occurs in addition to
inadequate trophoblast invasion and decidual
vascularization.

A second crucial function of endovascular tropho-
blasts is their formation of plugs in the spiral arteries.
These trophoblast plugs prevent maternal red blood
cells accessing the intervillous space in early pregnancy
and dissipate between 10 and 12 gestational weeks
[13,14]. These trophoblast plugs may act as pressure
reducing valves isolating the delicate placenta from the
full force of maternal arterial blood pressure although
protection from high oxygen concentrations too early
in placental development may be an equally, or more,
important role of the trophoblast plugs since, prior to
the dissipation of the trophoblast plugs, the placenta is
not well equipped with the antioxidant systems that are
required to protect the tissues from the oxidative dam-
age that would be induced by the levels of oxygen
present in arterial blood [15]. The presence of the
trophoblast plugs means that during the first trimester
the placenta develops normally in a physiologically
low-oxygen environment. Despite the inability of
maternal red cells to reach the placental surface during
the 10–12 weeks of pregnancy, in their classic work,
Boyd and Hamilton [1] demonstrated that the

trophoblast plugs are loosely cohesive and allow the
passage of maternal plasma through the spiral arteries
(which they tracked by injection of Indian Ink into
pregnant hysterectomy specimens). Thus, it seems
likely that soluble material and subcellular particulate
material could reach the placenta from the maternal
circulation, albeit at a low rate, during the first trimes-
ter and further that due to the inflow of maternal
plasma there is the clear possibility for this flow to
facilitate the transport of material away from the pla-
cental site into the maternal circulation during early
pregnancy. Outflow of material from the placenta/
intervillous space into the maternal circulation may
well be important for the development of maternal
disease, particularly pre-eclampsia. Morphological
studies indicating lack of maternal blood flow in the
intervillous space during the first trimester have been
confirmed by direct measurement of the oxygen con-
tent of the decidua and placentae of pregnancies about
to undergo elective termination. These studies con-
firmed that oxygen levels rise from less than 20mm
Hg at 8 weeks to greater than 50mm Hg at 12 weeks’
gestation and that these changes in oxygenation of the
placenta are accompanied by increases in expression of
placental antioxidant systems that would protect the
placental tissue from normal arterial blood oxygen
levels [15].

The consequences of failed
transformation of the
spiral arteries
Failure of the extravillous trophoblasts to invade
adequately along the spiral arteries is associated with
both pre-eclampsia [16–18] and intrauterine growth
restriction [16], as well as later gestation pregnancy
loss [19] but not early gestation sporadic miscarriage
[20]. In early pregnancy, failure to transform the spiral
arteries is associated with recurrent miscarriages in the
presence of antiphospholipid antibodies [21] but
evidence for this in women without these antibodies
is less clear.

It is a widely held theory that failure of the spiral
arteries to undergo the physiological changes of
pregnancy is an underlying cause of pre-eclampsia. In
essence the theory suggests that if the spiral arteries are
not transformed then the placenta will become hypoxic
and this hypoxic insult will, in due course, lead the
placenta to produce an as-yet unknown factor which
causes widespread activation of maternal vascular
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endothelial cells resulting in the symptoms of pre-
eclampsia, especially hypertension. However, this
theory is based largely on evidence from biopsies of
the placental bed which is the region where the uterus is
invaded by the trophoblasts containing the transformed
spiral arteries. Since biopsies may not be truly repre-
sentative of the entire placental bed they may give a
misleading picture of the development, or lack of devel-
opment, of the physiological changes in pre-eclampsia.
Since the advent of ultrasound and in particular of
Doppler ultrasound it has become increasingly appar-
ent that there are many cases of preeclampsia in which
there appears to be relatively normal uterine blood
flow. This is especially the case where pre-eclampsia
occurs late in pregnancy after 32weeks’ gestation and in
addition to the low prevalence of pre-eclampsia in the
general pregnant population this may explain the low
predictive value of uterine arterial Doppler studies [22].
It has been proposed recently that an inherent defect in
the trophoblast and trophoblast turnover may be
responsible for the placental trigger for pre-eclampsia
rather than a failure of the transformation of the spiral
arteries in early and mid gestation [23]. The failure of
transformation of the spiral arteries in pre-eclampsia is
often presented overly simplistically as an all-or-none
event in which either the depth of trophoblast invasion
or the number of spiral arteries transformed is drasti-
cally reduced in pre-eclampsia compared with normal
pregnancy. However, biology seldom works in such a
black and white fashion and one group has shown that
even in severe early-onset pre-eclampsia a spectrum of
deficiencies in the extent of transformation of the spiral
arteries occurs [24]. These authors also point to the
problematic nature of studying biopsies of the placental
bed since there was considerable variation in the extent
of trophoblast invasion even within biopsies [24].

Thus while it is clear that inadequate transforma-
tion of the spiral arteries is associated with IUGR, it is
now less certain that inadequate trophoblast invasion
of these vessels contributes significantly to the patho-
genesis of pre-eclampsia.

The consequences of premature
exposure of the placenta to
maternal blood
Recent evidence suggests that premature exposure of
the placenta to maternal blood is likely to result in
miscarriage [25]. These workers, using Doppler ultra-
sound, demonstrated an increased flow of maternal

blood to the placenta in missed miscarriage at 8–9
weeks’ gestation compared with normal controls
[25]. Further, this increased premature maternal
blood flow to the placenta was distributed centrally
and across the placenta whereas, in normal pregnan-
cies, the maternal blood flow was more likely to be
observed at the periphery of the placenta only [25,26].

What allows/promotes
trophoblast invasion?
As can be seen from the preceding discussion, appro-
priate invasion of the spiral arteries by trophoblasts is
crucial to the establishment of normal pregnancy.
Given this, one might expect that the factors control-
ling trophoblast invasion should be well established,
yet we have, at best, a very poor understanding of these
control mechanisms. This is in large part because
human placentation, especially with regard to the
extent/depth of trophoblast invasion of the spiral
arteries is unique, with even closely related primates
differing on these points. Therefore, much of what we
do know about the controls of trophoblast invasion is
derived from placental bed biopsies or in vitro examin-
ation of factors affecting primary placental cell and
explant cultures, or from trophoblast-like cells includ-
ing choriocarcinoma cell lines. It has long been
debated which of these is the best model since many
studies produce conflicting results on, for example,
whether a particular growth factor does or does not
promote trophoblast invasion. In a recent study [27] in
which micro-arrays were used to determine similar-
ities and differences between several widely used cell
lines including the trophoblast cell lines SGHPL-5,
HTR8/SVneo, ACH3P, the trophoblast-derived chorio-
carcinoma cell lines Jeg-3 and BeWo, and cultured
primary cytotrophoblasts, it was clear that substantial
differences existed in the expressed mRNAs between
each of these cell types. The differences identified in this
study clearly displayed the limitations imposed by our
existing models. Bearing these limitations in mind
numerous studies have examined the role of growth
factors such as TGF-β [28], activin [29] CSF-1 [30] and
insulin-like growth factors [31] in regulating tropho-
blast proliferation and invasion (trophoblasts are usu-
ally considered to be able to either invade or proliferate
but not both). However, often there are conflicting
reports in the literature as to how these growth factors
affect trophoblasts and frequently the inconsistencies
in experimental results can be traced at least in part to
the use of different experimental model systems.
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Knock-out mouse models have also been used to try to
elucidate the role of growth factors in controlling
trophoblast behavior [32] but the dissimilarity of mur-
ine and human placentae means these studies, while
very interesting, can not be extrapolated directly to the
human situation [32].

While the mechanism of the control of the depth of
invasion of trophoblasts into the human decidua
remains unclear, abnormally deep implantation
appears to be associated with thin or poorly formed
decidua basalis which may occur where there has been
previous uterine surgery such as curettage or cesarean
section. Clinically, this results in a placenta that is
abnormally adherent to the uterus where anchoring
villi attach to the myometrium, instead of being con-
fined to the decidua, and this condition is termed
placenta accreta.

Trophoblast deportation
Trophoblast deportation was first described by the
German pathologist Schmorl in 1893 [33]. Schmorl
found multinucleated fragments of syncytiotropho-
blast, which are now referred to as syncytial knots,
trapped in the pulmonary capillaries of women who
had died of eclampsia. After Schmorl’s initial report
[33] it rapidly became apparent that syncytial knots
were also deported in normal pregnancy, with the
definitive study by Attwood and Park indicating that
trophoblast deportation is readily detectable in most
pregnancies but is exacerbated in pre-eclampsia/
eclampsia [34]. It is now apparent that syncytial
knots are derived from aged or damaged regions of
the syncytiotrophoblasts which are extruded into the
maternal blood. This is thought to be part of the
normal life cycle of the trophoblast layer and is analo-
gous to the shedding of skin or gut epithelia.
Syncytial knots may vary in size up to several hundred
micrometers and contain hundreds of nuclei
(Figure 21.2) [35]. Syncytial knots are deported from
the uteroplacental site via the draining veins. Since the
majority of syncytial knots are too large to traverse
through capillaries they become lodged in the first
capillary bed they encounter, that is, in the maternal
lungs. However, a few syncytial knots can pass through
the lungs to enter the peripheral circulation and sev-
eral groups have been able to harvest syncytial knots
from maternal peripheral blood [36–39]. In addition
to syncytial knots, mononuclear cytotrophoblasts are
also shed from the placenta and can be harvested from
the maternal blood. Since these smaller cells pass more

readily through the maternal pulmonary capillaries
they appear to be more abundant numerically in the
maternal circulation [38,39]. Although one study
reported the deported cytotrophoblasts to be villous
rather than extravillous cytotrophoblasts, it would
seem likely that at least some circulating mononuclear
trophoblast might be derived from extravillous
trophoblasts during the period in which the tropho-
blast plugs in the spiral arteries dissipate. Subcellular
trophoblast micro and/or nano particles are also found
in the maternal blood in both normal and pre-
eclamptic pregnancies with possibly increased quanti-
ties in pre-eclampsia [40]. Trophoblast subcellular
debris, micro and nanoparticles, are thought to be
derived from the microvillous surface of the syncytio-
trophoblast and importantly unlike larger deported
trophoblast cells these subcellular remnants can pass
freely through the maternal lungs to enter the periph-
eral circulation where they could affect many maternal
physiological functions. Since the harvesting of tropho-
blasts from the peripheral blood is extremely chal-
lenging technically, we do not understand fully when
trophoblast shedding and deportation commences.
However, at least one study has shown trophoblasts
in the peripheral blood of pregnant women as early as

Figure 21.2 A photomicrograph of a syncytial knot shed from a first
trimester placenta. Multiple dark stained nuclei can be seen within
the syncytial knot (one nucleus is indicated by the white arrow). The
syncytial knot has been immunofluorescently stained with an
antibody to cytokeratin, demonstrating trophoblastic nature of the
knot (white staining). Image kindly provided by Dr Q Chen, University
of Auckland.
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6 weeks’ gestation [36] and syncytial knots are cer-
tainly present in maternal blood late in the first and
early second trimesters [37]. In a small unpublished
study, we were able to isolate both syncytial knots and
mononuclear trophoblasts from maternal blood at
12–14 weeks’ gestation. Most studies of deported
trophoblasts are aimed at harvesting these cells for
diagnosis of fetal genetic abnormalities. However,
deported trophoblasts have huge potential for diag-
nostic purposes not only of fetal genetic abnormalities,
but also potentially for the prediction of placental
pathologies since they may provide a “window” to
assess, by virtue of their number or nature, the state
of the placenta.

The physiological role of deported trophoblasts
may not be limited to simply being a disposal system
for aged and damaged trophoblasts. Deported tropho-
blasts may play a key role in the success of pregnancy
via their effects on the maternal immune system. The
fetus is genetically derived from two unrelated indi-
viduals, mother and father, and therefore those com-
ponents that are encoded by paternal genes should, if
they are different from the maternal gene products, be
identified by the maternal immune system as immuno-
logically foreign and rejected. Thus, the placenta is
essentially a semiallogenic tissue graft and in the case
of a donor embryo or donor oocyte pregnancy the
fetus and placenta are true allografts, similar in many
respects to any other tissue graft. A question which has
intrigued reproductive immunologists for nearly a
century is: “Why is the fetal allograft not rejected by
the maternal immune system?” Deported trophoblasts
may be part of the answer to this question. It is now
well established that apoptotic cells (that is, cells that
have died via programmed cell death) when phagocy-
tosed induce an anti-inflammatory or immunosup-
pressive type of immune response, regardless of
whether the cells are derived from the host organism
or are allogeneic (foreign) [41]. Thus, phagocytosis of
apoptotic deported trophoblasts may lead to toleriza-
tion of the maternal immune system to paternally
derived proteins from placenta. In support of this
hypothesis, we have recently shown, that when macro-
phages phagocytose apoptotic trophoblasts shed from
placental explants in vitro, the macrophages increased
their secretion of anti-inflammatory IL-10 and
decreased secretion of proinflammatory IL-1β [42].
The macrophages also increased their production of
the tryptophan metabolizing enzyme, indoleamine
2–3 dioxygenase, which would also be likely to have

an antigen-specific tolerizing effect on maternal T
cells [42]. In stark contrast, when necrotic tropho-
blasts are phagocytosed, endothelial cells become
activated [43]. Thus deported trophoblasts, dying
physiologically, in a normal pregnancy are hypothe-
sized to tolerize the maternal immune system to
paternally derived antigens, but deported tropho-
blasts dying by necrosis, following a placental insult,
may lead to pathological activation of the maternal
endothelium, as is seen in pre-eclampsia.

Effects of trisomies and other
genetic abnormalities on
trophoblasts
The long history of maternal serum screening for
aneuploidy illustrates that trophoblastic cellular func-
tion is affected by aneuploidy and potentially by
genetic abnormalities.

The majority of very early miscarriages are associ-
ated with aneuploidy although this is not always the
case in recurrent miscarriage [44]; non-aneuploid los-
ses are unlikely to be due to defective trophoblast
invasion or spiral arterial transformation as no differ-
ences between aneuploid or euploid conceptions were
found in a study of the pathology of early embryonic
demise [20].

In addition to abnormal first-trimester marker lev-
els predicting outcome in threatened miscarriage [45],
abnormal levels of pregnancy associated placental pro-
tein A (PAPP-A) in euploid conceptions are associated
with subsequent poor obstetric outcomes such as preg-
nancy loss, pre-term birth or fetal growth restriction
[46] but such markers have insufficient predictive
power to be individually useful as screening tests for
these conditions.

Confined placental mosaicism (CPM) is a complex
situation where aneuploidy exists in the trophoblast
(cytotrophoblast – CPM type I, villous stroma – CPM
type II or both cytotrophoblast and villous stroma –
type III) and depending on the chromosomes involved
may be associated with normal or abnormal fetal out-
comes. Confined placental mosaicism may occur in
around 2% of villous samples obtained at chorionic
villus sampling in the first trimester [47]. The out-
comes in CPM may be chromosome specific but
CPM of meitotic origin involving chromosomes 2, 7
or 16 is associated with poor outcomes including
pregnancy loss, fetal growth restriction or intrauterine
death.
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Heparin and aspirin in
in vitro models
Antiphospholipid antibodies (aPL) are the single lar-
gest identifiable, non-genetic cause of recurrent preg-
nancy losses, accounting for approximately 20% of
cases of recurrent miscarriage. These antibodies are
associated with thrombotic disease of the systemic
circulation and were originally thought to induce
recurrent miscarriage by causing thrombosis of the
spiral arteries with subsequent infarction of the
regions of the placenta supplied by the affected vessels.
Based on this hypothetical mechanism of action, hep-
arin and aspirin therapy was introduced for women
with recurrent miscarriage and aPL. While not all
trials confirm the utility of heparin and/or aspirin
[48–50] other trials do suggest the clinical efficacy of
this treatment [51]. However, it has become apparent
that aPL do not induce recurrent miscarriage by a
thrombotic mechanism and several in vitro studies
have shown that these antibodies can disrupt a variety
of normal functions carried out by trophoblasts dur-
ing implantation and early pregnancy including pro-
liferation, invasion and hormone secretion (reviewed
in [52] and [53]). Likewise, several studies have shown
that heparin (which is now known to have multiple
functions unrelated to its effects on coagulation such
as activating or sequestering growth factors/regula-
tors), and/or aspirin, can reverse these adverse effects
of aPL on trophoblasts in vitro [54–56]. However,
it must be noted that in the absence of aPL, heparin
may have adverse effects on trophoblast invasion
in vitro [57].

Conclusions
Trophoblasts, and particularly their invasion of the
uterus, are key to developing a healthy placenta and
therefore, fetus. Our understanding of the very early
stages of implantation, as well as of the factors that
control trophoblast invasion remain limited despite
intensive investigations. Much work remains to be
done before we understand the processes involved in
establishment of the placenta in normal pregnancy
and how these processes are disrupted in diseased
pregnancies. Only with a fuller understanding of
these processes will we be able to develop better diag-
nostics and therapies for conditions such as recurrent
miscarriage and intrauterine growth restriction, the
pathogenesis of which are routed, at least in part, in
abnormal trophoblast behavior.
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Chapter

22 Implantation failure: an
embryologist’s view
Dominique Royère and Etienne Van den Abbeel

Introduction
Failed implantation is one of the most difficult chal-
lenges for clinicians and embryologists involved in
assisted reproductive technologies (ART). Besides
some irrational attitudes which might lead a clinician
to consider such failure as the embryologist’s failure
or vice versa, or both to consider failed implantation
as a definitely unsolved question, the “embryologist’s
view” might focus on which factors might impair
implantation at the level of the embryo and its close
environment, while factors involved in the implant-
ation process itself (dialog between embryo and endo-
metrium) are considered elsewhere in this book. In
this chapter we consider how far genetic abnormalities
or morphological characteristics may impair or favor
implantation, then review the main strategies usually
proposed to counteract implantation failure, while
new approaches for non-invasive embryo quality
assessment will be presented as perspectives, since
they need clinical validation. Alternatives for recurrent
implantation failure will finally be briefly discussed.

Genetic abnormalities
Following the extensive use of preimplantation
genetic aneuploidy screening, the possible link
between recurrent implantation failure and an
increased aneuploidy rate was thoroughly assessed
and confirmed by many studies [1]. However almost
no studies confirmed that aneuploidy screening was
able to improve the chances of implantation in recur-
rent implantation failure [2] while most studies
lacked an adequate control group. So far only one
randomized controlled trial has been reported but
with a very low size sample and no benefit on clinical
outcome [3]. The impact of larger-scale analysis
using comparative genomic hybridization, the
higher frequency of post-zygotic errors in recurrent

implantation failure as compared with recurrent mis-
carriage or advanced maternal age and its possible
link with some intrinsic mechanism to the embryo
rather to any abnormality in parental meiosis remain
to be further studied [4,5]. Interestingly one of the two
randomized controlled trials concerning the assess-
ment of pre-implantation genetic diagnosis (PIGD)
for advanced maternal age mentioned an increased
proportion (65%) of euploid embryos able to reach
the blastocyst stage, while combined abnormalities
were mainly excluded by such a development [6].

Morphological characteristics
Despite their limited contribution to predict both
further development and implantation of the embryo,
the morphological and kinetic assessment of early and
later embryo development as well as oocyte assess-
ment before fertilization remain most widely used in
clinical embryology (Figure 22.1).

Early embryo development
Embryo morphology at days 2/3
Early embryo development has been the focus of
attention from the beginning of ART for several rea-
sons, including the efficacy of transfer of embryos at
days 2 or 3, and the increase in multifollicular stimu-
lations that are imposed to select the embryo(s) for
transfer with the best accuracy. Based on unique or
homogeneous transfers or on various scores, many
studies have confirmed how both number and size
of the blastomeres and the proportion of exudates
might influence the implantation rate [7,8]; 4–5-
cell embryos at day 2 (Figure 22.1B) and 6–8-cell
embryos at day 3 with a low rate or absence of
fragmentation, and without any multinucleated blasto-
mere, have the highest chances of implantation.
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Later videomicrographic studies have addressed the
importance of kinetics in embryo development partic-
ularly concerning the presence of cytoplasmic
exudates [9].

Zygote and early cleavage assessment
Pronuclei observation is available using non-invasive
simple optical microscopy (Figure 22.1A). Assembling,
growth and fusion between nucleolar precursor bodies
(NPB) are stages of early nucleogenesis following a
chronology described for human zygotes [10]. A day-1

score integrating the location of pronuclei, both posi-
tion and number of NPB, cytoplasmic halo and early
cleavage was correlated with the rate of implantation
for transferred embryos and later simplified for routine
use [11,12]. A different method of zygote scoring,
assessing NPB number and polarization, pronuclei
size and respective position was related to developmen-
tal ability of the issued embryos with a particular
emphasis on pronuclei synchrony [13]. Using a simpli-
fied approach derived from this last classification, an
individual follow-up of more than 4000 embryos

A

C D

B

Figure 22.1 Morphological aspects of pre-implantation embryo: A. “Typical” pattern of zygote adjacent pronuclei aligned nucleolar precursor
bodies. B. Day 2 embryo with four equal-sized cells, each with a unique interphase nucleus, without cytoplasmic exudate. C. Expanded
day 5 blastocyst, with a dense and continue monolayer of trophectoderm cells, a compact and cohesive inner cell mass. D. Day 5 hatching
blastocyst.
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allowed us to relate the typical pattern of zygotes with
the highest probability for an embryo to reach the
blastocyst stage as opposed to non-typical zygote pat-
terns [14]. Other classifications were later proposed,
which brought similar results. Cytoplasmic halo [15]
and early cleavage [16–18] were proposed as additional
criteria, while this last criterion is less debated [14].
The link between early cleavage and embryo develop-
mental ability has to be elucidated; better nucleocy-
toplasmic synchronization with lower risk for critical
level of maternal RNA before genomic activation [19]
as well as paternal contribution for first cell cycle and
some key events inmetabolism [20] have been hypothe-
sized which might at least partly explain this link.

Oocyte characteristics before fertilization
Legal constraints may in some way stimulate the
research concerning additional criteria, when embryo
freezing is forbidden (for example in Germany and
Switzerland) as opposed to zygote freezing, but also
when the number of oocytes is strictly limited (Italy).
Assessment of the second metaphase spindle based
on its spontaneous fluorescence under polarized light
was reported as a valuable tool to select oocyte for
fertilization and further development, while aniso-
tropy of the zona pellucida was also proposed as an
additional tool for oocyte selection [21–24].

Late embryo development
Extended culture to the blastocyst stage
While transferring human embryos at the blastocyst
stage appeared the best strategy, its use did not really
expand before cocultures, then sequential media,
were proposed to sustain it. Beside the natural arrival
and implantation of the blastocyst into the uterus,
another reason to promote such a strategy was based
on the timing of embryo genomic activation in our
species, which lasts between 4- and 8-cell stages [25].
Morphological criteria (Figure 22.1C, D) including
the size of the blastocoelic cavity, density and con-
tinuity of trophectodermal cells, density and cohe-
siveness of the inner cell mass were clearly related
with higher implantation potential [14,26]. Whether
blastocyst transfer should be preferred to day 2/3
embryo transfer remains a matter of debate [27,28],
even though about half of the day 2/3 embryos
will be unable to reach the blastocyst stage. Such
embryo leakage was partly explained by chromoso-
mal abnormalities, unadapted genome expression,

suboptimal culture conditions or inadequate oocyte
maturation [29].

Reaching the blastocyst stage: an additional criteria?
While the debate about blastocysts is still open, several
observations may argue for its impact on further
development and implantation of the embryo.
Firstly, the increase in euploidy rate for embryos
reaching the blastocyst stage as compared with those
arresting their development was already underlined
[6], even if mosaics, some mono or trisomies were
not concerned by this development arrest. Then hier-
archical analysis brought a limited value to morpho-
logical parameters of early embryo development
(area under the curve 0.688) to predict the ability to
reach the blastocyst stage. However, once the blasto-
cyst stage is achieved, implantation rates remain
similar whatever the initial criteria of early develop-
ment [14], since none of these criteria could discrim-
inate between implanting and non-implanting
blastocysts.

Strategies aimed at overcoming
implantation failure
We will consider successively blastocyst transfer,
assisted hatching, transfer media, co-cultures, cyto-
plasmic transfer and zygote intra-fallopian transfer.

Blastocyst transfer
Few studies have reported on this topic. A prospective
randomized study reported on a higher pregnancy
rate following blastocyst transfer after at least three
previous failed day 2/3 embryo transfers, but the
number of patients was too small to be statistically
significant [30]. Another prospective non-randomized
study that included larger groups (147 for day 2 versus
129 for day 5/6 respectively) reported on both higher
clinical pregnancy and implantation rates following
blastocyst transfer in failed implantations [31].

Assisted hatching
Artificial disruption of the zona pellucida has been
proposed as a method to overcome hatching difficul-
ties as a possible explanation for implantation failure.
One meta-analysis including 23 RCTs did not draw
any difference with controls among the six RCTs
assessing the live-birth rate as the endpoint (OR 1.33,
95% CI 0.81–1.73), whereas clinical pregnancy rate
was increased (OR 1.33, 95% CI 1.12–1.57) among
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the 23 RCTs [32]. Therefore the conclusion was that
there is insufficient evidence to recommend assisted
hatching.

Transfer medium
The impact of adding recombinant hyaluronan and
albumin (HA) was assessed in an RCT including 103
patients with repeated implantation failures [33]. An
increase in implantation rate was reported (16.3% vs
4.8%) which argued for a beneficial effect of adding
HA to the transfer medium. Such a result has to be
confirmed before any conclusion might be made.

Coculture
Attempts to circumvene the suboptimal culture con-
ditions as factors associated with poor success rates in
human IVF were done in the early 1990s using co-
cultures of embryos with epithelial cell lines. However
safety constraints led to the discarding of any non-
human cell lines for coculture, while new media were
developed to sustain embryo development beyond day
2/3. Later trials using human autologous cells (mainly
endometrial cells but also granulosa or cumulus cells)
claimed for a beneficial effect of such a coculture to
improve implantation rates. However RCTs involving
autologous cells are lacking to allow any definite con-
clusion, whereas the recently published meta-analysis
combined both heterologous and autologous support
of coculture to draw its conclusion [34].

Cytoplasmic transfer
The possibility to alleviate the 2-cell block by transfer
of cytoplasm was performed in mice during the
early 1980s. The first human pregnancy following the
transfer of cytoplasm from donor oocytes into the
oocytes of a patient with a history of poor embryo
development and recurrent implantation failure was
reported in 1997. Since then more births have been
reported following cytoplasmic transfer in human in
the early 2000s, however potential risks of mitochon-
drial heteroplasmy, mitochondrial disease, nuclear–
mitochondrial interaction and epigenetic changes
have been stressed [35,36] therefore restraining this
technique to an experimental procedure.

Zygote intra-fallopian transfer
The literature remains controversial about the benefit,
if any, of zygote intra-fallopian transfer (ZIFT).
Following some optimistic reports several RCTs

have failed to demonstrate any advantage for ZIFT
in recurrent implantation failure [37].

Perspectives: functional approaches
of developmental competence
of the oocyte/embryo
As in many fields of human pathology, “omics” tech-
niques have been applied in recent years in the field of
implantation and embryo development. Beside direct
investigations on oocyte or embryo, which belong to
an experimental approach due to their invasiveness,
other non-invasive approaches based on oocyte:
embryo environment might have a clinical input on
our practice.

Direct “omics” approaches on oocyte
or embryo
Transcriptional analysis of embryos
First experimental large-scale transcriptional analysis
was reported in cattle [38], with several genes identi-
fied with an expression level related with implantation
failure (e.g. TNFα), ongoing gestation (e.g. CDX2),
or both implantation and ongoing gestation (TXN
thioredoxin). Similar strategies were applied to
human blastocysts with trophectoderm biopsies [39].
Genes involved in adhesion or cellular communication
were identified as their expression was related with
implantation.

Proteomic analysis
This technique was applied at the level of the embryo
itself [40] as well as its own environmental medium
[41,42], in the two latter studies with perspectives to
relate a protein profile in the medium with embryo
viability in a non-invasive manner.

Metabolomic analysis
While embryo metabolism was experimentally studied
for a long time to define its metabolic requirements,
more recent studies have focused on embryo respir-
ometry [43,44] to better define embryo quality.
Despite their value in terms of knowledge, their use
in clinical embryology remains questionable. Recent
approaches based on various techniques of spectro-
scopy (Raman, Near InfraRed) were applied to culture
media with promising results through viability scores
deduced from such metabolomic profiles [45].
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Indirect approaches on oocyte or embryo
environment
Cytokines or hormones in the follicular fluid
Various components in the follicular fluid were
studied as a function of oocyte follow-up. In this
way anti-Mullerian hormone (AMH) levels in the
dominant follicle were related with both implantation
and ongoing pregnancy rates [46]. Recently the fol-
licular level of the granulocyte colony stimulating
factor (G-CSF) was related with the developmental
potential of the oocyte issued from that follicle [47].
Such interesting results need to be confirmed in a
prospective study.

Transcriptomic analysis of cumulus cells
This non-invasive indirect approach is based on the
oocyte–cumulus dialog as a key event of oocyte
maturation. Such dialog not only involves metabolic
synergy between both compartments [48] but also
gene expression at the level of granulosa/cumulus
cells [49]. The possibility to integrate some granu-
losa/cumulus cell genetic markers in oocyte/embryo
selection needs further clinical validation.

Concluding remarks
It is difficult at the present time to say which param-
eters among all the criteria presented in this review
will be robust enough (simple, non-invasive, reprodu-
cible, with a reasonable cost) to be used in a clinical
embryology routine. Such evaluations will progress in
parallel with knowledge on the implantation process
on the endometrium side, keeping in mind that the
best embryo does not fulfill all the superlatives (most
rapid, most energy consuming . . . ) but rather some
precise and stressless pattern of genomic, proteic and
metabolic activity in a “quiet embryo” hypothesis
[50]. Alternatives to recurrent implantation failure
like oocyte or sperm donation may be proposed to
patients, keeping in mind that with the exception of
identified genetic abnormalities, developmental or
implantation failure may involve the male or female
partner as well, while discriminative studies on that
subject are presently lacking.
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Chapter

23 Embryo reduction in multiple pregnancies
Eduard Gratacos and Fatima Crispi

Introduction
Embryo reduction (ER) may be indicated in a number
of situations in fetal medicine. The most common and
well-known by general ob/gyn specialists is the reduc-
tion of triplets, or higher-order multiple pregnancies,
to twins. The number of high-order multiple pregnan-
cies has increased several-fold after the introduction of
assisted reproductive techniques (ART), and the clas-
sical figure of one twin pair in 90 pregnancies is now
over 2% or more in developed countries [1]. Over the
last two decades the rate of higher-order pregnancies
has incremented by more than 10-fold, although there
is evidence that the sustained rise in the number of
triplet deliveries seems to have come to a plateau over
recent years [2]. About 20 years ago, the classically
poor outcome associated with high-order multiple
pregnancies prompted a small number of groups in
Europe and the USA [3] to start offering reduction of
the number of embryos, in an attempt to improve the
chances of survival and quality of life of the remaining
fetuses. Embryo reduction has demonstrated to result
in roughly similar outcomes for the remaining twins
as if the pregnancy had started with twins, and today is
offered to couples carrying triplets worldwide. As a
trade off, the procedure is associated with an increased
risk of miscarriage of the whole pregnancy. This
stresses the need to provide parents with comprehen-
sive information on the benefits and risks of the pro-
cedure. Although no randomized clinical trial (RCT)
on ER has been conducted [4], a number of recent
large collaborative studies and systematic reviews now
allow reasonable estimates of the perinatal outcome
that parents can expect after ER in comparison with
expectant management.

Selective ER may also be contemplated in twin
pregnancies, normally for fetal or maternal reasons.
In contrast with ER in triplets, which is normally

performed in the first trimester, selective reduction
in twins is in most instances carried out from the
second trimester onwards.

In this chapter we will summarize the available
evidence on ER and we will discuss the impact of
several factors which might influence results. In addi-
tion, we will briefly summarize currently used tech-
niques and available data on the perinatal outcome
after ER in multiple pregnancies.

Indications and justification
of elective embryo reduction

Triplets and higher-order pregnancies
Embryo reduction in triplet or higher-order pregnan-
cies is in most cases an elective procedure, performed
with the intention to improve the poor outcome asso-
ciated with high-order multiplets. In spite of advances
in perinatal medicine, the perinatal outcome of triplets
has not improved over the last 30 years [5]. A compil-
ation of the available data in the English literature
compared two different periods, reporting a
mean gestational age at delivery of 33.6 weeks in
1979–1989, and 33.3 weeks in 1991–1999. The rates
of delivery before 32 and 28 weeks were 24% and 8%
respectively in the first time interval, and 25% and 9%
respectively in the second. Aside from prematurity, the
incidence of fetal growth restriction is also signifi-
cantly increased. After a given gestational age, 32
weeks in twins and 29 weeks in triplets, the mean
birth weights become progressively lower than those
in singletons [6]. This does not reflect a different
growth curve, but the increased incidence of fetal
growth restriction, which affects up to 10% of twins
and 25% of triplets [6]. Since prematurity and fetal
growth restriction are the most important factors for
adverse neonatal outcome [7], not surprisingly the
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exceedingly high rates of prematurity in high-order
multiplets result in an increased risk for neonatal
mortality and long-term neurological morbidity.
A large population-based study in Australia reported
the prevalence of cerebral palsy to be 28 per 1000 in
triplets, in comparison with 7.3 in twins and 1.6 in
singletons [8]. A similar study in the UK [9] calculated
the cerebral palsy rates per 1000 survivors at 44.8
per 1000 in triplets, in comparison with 12.6 in twins
and 1.5 in singletons. As expected, the perinatal
outcome for pregnancies of higher order than triplets
is progressively worse. The rate of delivery before
28 weeks of gestation may be as high as 25% for
quadruplets and quintuplets, and the rate of intra-
uterine growth restriction (IUGR) 62% [10]. The
mean gestational age at delivery for quadruplets is
30 weeks, with 44% delivering between 24 and 30
weeks [11], and the mean birth weight has been
reported to be 1414 g [12].

A second indication for ER in triplets is the presence
of a discordant malformation in one or more embryos
[13]. In a substantial number of cases the anomaly is
found on the 20-week scan, and consequently most of
these procedures are carried out in the second trimes-
ter. Most of the results discussed over the following
sections correspond to elective ER procedures.

Twin pregnancies
Selective ER in twins may be indicated for elective
reasons, because of the parents’ desires to reduce the
number of embryos and/or improve pregnancy out-
come [3], the presence of an increased fetal or
maternal risk, or the presence of a discordant anomaly
[13,14]. The prevalence of malformations in dichori-
onic twins does not differ from that in singletons,
which implies that about 2–3% of all twins will present
with a discordant anomaly in one fetus. Selective reduc-
tion may also be indicated for maternal safety reasons,
in patients with previous severe pre-term births, or in
twin pregnancies with an early (<24 weeks) premature
rupture of membranes [3].

Technical and practical aspects
of embryo reduction

Gestational age
Elective ER is normally performed as early as possible
in pregnancy. Data on large collaborative series suggest
that reduction after the first trimester does not increase

pregnancy loss or early pre-term birth rates [13].
However, the psychological impact of ER in parents
is important, and earlier procedures are likely to min-
imize this impact [15]. At present the gestational age
for the procedure is conditioned by the need to per-
form an evaluation for structural defects and ultra-
sound markers of chromosomal abnormalities at
11–14 weeks. Thus, most ERs in fetal medicine units
are today performed around 12 weeks’ gestation [16].

Chorionicity
As stated above, detailed ultrasound assessment is
mandatory before performing an ER. The first step is
diagnosis of chorionicity (Figures 23.1 and 23.2). The
existence of vascular anastomoses in the common
placenta of monochorionic twins is the basis for the
development of severe complications and the com-
plexity of invasive procedures. Thus, reduction of
one monochorionic twin by injection of potassium
chloride is not possible due to the high risks that this
method involves for the co-twin [17].

Therefore selective ERmust be managed differently
in dichorionic and monochorionic twins. Fetal reduc-
tion in monochorionic twins is always a complex pro-
cedure, thus, techniques for selective fetocide must
include a method for completely and permanently
arresting flow in the cord of the target fetus, such as
cord coagulation or ligation [18]. These techniques are
mainly applied in the second trimester of pregnancy
and therefore not being discussed in this chapter. In the
next sections, we will discuss the techniques and out-
comes of selective ER in dichorionic twin pregnancies.

Figure 23.1. Diagnosis of chorionicity in dichorionic pregnancies:
lambda sign.
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In triplets and higher-order multiple pregnancies
chorionicity has major implications in the decision of
which embryo to reduce. Triplets with one mono-
chorionic pair have a six to ten-fold risk of poor perinatal
outcome as compared with trichorionic triplets, due
to the development of complications of monochorionic
pregnancy such as twin – twin transfusion [19].
Consequently most parents will choose to reduce the
monochorionic twin pair instead of reducing the “single-
ton” embryo. Failing to identify chorionicity might sub-
stantiallyworsen the overall pregnancy outcome after ER.

Assessment for embryo malformations
prior to reduction
The second essential step in the ultrasound evaluation
prior to ER is evaluation of embryo anatomy. In expert
hands, high-definition ultrasound at 11–14 weeks’ ges-
tation may rule out about 70% of major malforma-
tions occurring during pregnancy [20]. Additionally,
at that time embryos can be screened for ultrasound
markers for chromosomal abnormalities. A nuchal
translucency thickness over the 95th percentile has
75% sensitivity for the detection of Down’s syndrome
[21]. The presence of any embryo abnormality or
ultrasound marker will determine the embryo to
reduce. On the contrary, a normal ultrasound will
substantially reduce the risk of a later diagnosis of
malformation in one of the remaining fetuses.

A recent study suggested that cervical length meas-
urements could be of help in predicting the risk of pre-
term delivery in 25 triplets undergoing ER [22]. The
authors reported an increased risk of delivering earlier
than 33 weeks in patients with a cervical length below
35mm. Cervical length is strongly associated with the
risk of pre-term delivery regardless of the number of
fetuses [23], but it is normally evaluated in the second
trimester. It seems unlikely that at 12 weeks’ gestation
cervical length provides meaningful information con-
cerning the chances for pregnancy loss after ER, but in
any case the answer to this question requires a larger
sample size. In a small series of 35 twins reduced in the
first trimester and 83 non-reduced triplets, ER did not
result in cervical length differences at 15–19 weeks [24].

Technical aspects and influence
of experience
Embryo reduction can be performed transvaginally or
transabdominally. The transvaginal approach may be
used from very early in gestation [25] and it is a tech-
nically simpler procedure. Transabdominal reduction
must be performed later and requires a substantially
higher level of expertise [26]. The transvaginal
approach has been associated with a higher risk of
miscarriage [25]. Today, most experienced groups per-
form the procedure transabdominally [16]. The typical
transabdominal procedure consists of an ultrasound-
guided cardiac or thoracic embryo puncture with a
20–22 Ga needle and injection of a small amount of
potassium chloride, normally 1–5 ml, as required to
observe complete cardiac arrest. In the transvaginal
route, most reports have used injection of potassium
chloride [25], although alternative techniques have been
described, including aspiration of the embryo [27] or
simple puncture until observing cardiac arrest [28].

In the presence of a sign suggesting an increased
risk of embryo anomaly, reduction is performed on the
affected embryo. In the absence of any embryo defect,
it is common practice to avoid reducing the presenting
embryo [16]. In a series of selective reduction in twins
or triplets with discordant malformations, Eddleman
et al. [14] reported that reduction of the presenting
embryo was associated with a modest but significant
decrease in gestational age at delivery (37 vs 38 weeks),
and a significant increase in the rate of pre-term deliv-
ery before <32 weeks (22.5% vs 6.1%).

Embryo reductionmay occasionally be a technically
demanding procedure. The uterus and embryo are very
small, the maternal abdominal wall may be thick and

Figure 23.2. Diagnosis of chorionicity in monochorionic
pregnancies: “T” sign.
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access to the target embryo is not always straightfor-
ward. In their fourth report on the international col-
laborative experience with ER, Evans et al. reported the
impact of the learning curve over a period of 12 years in
3513 procedures. The rate of pregnancy loss decreased
from an initial 13% to a 6% for losses before 24 weeks,
and from 4.5% to 0.2% for losses beyond 24 weeks [29].
The improvement in pregnancy outcome is thought to
be largely due to increased experience, possibly in
combinationwith improvements in the quality of ultra-
sound equipments. As with any invasive procedure in
fetal medicine, the duration and the degree of manipu-
lation, and the number of attempts, must substantially
affect the rate of procedure-related complications.
Consequently, ER should be performed by fetal medi-
cine specialists highly experienced in ultrasound guided
intrauterine procedures.

Combining prenatal diagnosis with
embryo reduction
Non-invasive assessment of the risk for chromosomal
anomalies in triplets is limited to the use of ultrasound
markers, since biochemical markers are not useful for
pregnancies of a higher order than twins [30]. On the
other hand, the rate of chromosomal defects is higher in
patients conceiving by ART [31]. Consequently, the
number of patients with triplets or higher-order preg-
nancies considering prenatal diagnosis is expected to be
high. One possible option is to undergo a second-
trimester amniocentesis 3–4 weeks after ER. In a study
comparing the impact of amniocentesis in twin preg-
nancies resulting from a previous ER, the rate of preg-
nancy loss was 3.1% in 127 patients who had an
amniocentesis, compared with 7.2% in 167 patients
who did not, the difference being non-significant [32].
One of the main drawbacks of amniocentesis is that if a
chromosomal abnormality is found, patients are then
faced for the second timewith the decision of performing
a selective fetal reduction, a procedure which will in turn
increase further the risks of losing the full pregnancy.

The second, and most accepted option today, is to
perform a chorionic villous sampling (CVS) in all
embryos before the procedure. The existence of aneu-
ploidy in the chromosomes 13, 18, 21, X and Y can be
ruled out within 24–48 hours by QF-PCR or fluores-
cent in-situ hybridization (FISH). With this approach
the full karyotype is not available until 2 weeks later,
and therefore there is a residual risk for chromosomal
anomalies. However, the combination of rapid diag-
nosis techniques with a detailed ultrasound assessment

reduces considerably the chances of leaving a non-
reduced fetus with a severe anomaly [16]. Most parents
would feel reasonably reassured with this approach,
and thus the combination of CVS followed by ER is
routinely offered in an increasing number of reference
centers [33]. Recently, Brambati et al. [34] reported
their extended experience with 424 consecutive mul-
tiple pregnancies reduced to twins or singletons at 8–13
weeks’ gestation after transabdominal CVS with a
successful CVS in 100% of cases, and an accuracy of
karyotyping of 99%. The overall pregnancy loss rate
after reduction (3.3%) was similar to other studies
[29]. The overall rate of chromosomal abnormalities
in the study series was higher (relative risk = 2) than in
a singleton control series. The study further confirms a
higher pregnancy rate of chromosomal abnormalities
in multiple pregnancies, and provides strong evidence
that CVS prior to ER is a safe procedure.

Ethical and psychological issues
concerning embryo reduction and
selective reduction in multiple
pregnancies
Intrauterine reduction of an embryo, either electively or
in the presence of a malformation, is by definition a
controversial issue. When considered in the context of a
purely ethical discussion, thus devoid of any other con-
notation, the most widely accepted consideration is that
the procedure follows the principle of treating to achieve
the most good for the least harm [16]. A detailed discus-
sion on the ethical issues is beyond the objectives of this
chapter. For very good texts on this matter we refer the
reader to several reviews over the last decade [16,35].

Embryo reduction is normally a stressful experience
for most parents [15]. In one study, 14 of 44 women
described the procedure as “horrible,” although in the
year following the procedure no apparent increased risk
of depression was noted [36]. In our experience, first-
trimester procedures are normally well tolerated, while
later procedures, mainly those performed after 16–18
weeks, are associated with intense feelings of grief, nor-
mally persisting after delivery of the unaffected fetus,
and we normally recommend and offer psychological
support during and after pregnancy to these patients.

Outcomes after embryo reduction
A Cochrane review in 2002 [4] confirmed the absence
of randomized controlled trials evaluating the outcome
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of ER. It seems unlikely that such a trial will be carried
out, considering on the one hand the numbers
required for such study and on the other hand that
most parents have already strong preferences against
or for reduction before counseling [37]. There is a huge
body of data on pregnancy outcome in reduced and
non-reduced multiple pregnancies. The available data
further demonstrate that the outcome is different
according to the starting or finishing number of
fetuses. Thus, over the following sections we will ana-
lyze separately the available evidence on pregnancy
outcome in four possible types of ER: triplets to
twins, triplets to singletons, and higher-order pregnan-
cies in general, and finally selective reduction in
dichorionic twins.

The two most important adverse outcomes in mul-
tiple pregnancies are the rate of early pre-term deliv-
ery, normally defined as less than 32 weeks’ gestation,
and the rate of pregnancy loss, defined as that occur-
ring before 24 weeks. The first complication is pre-
cisely the one that ER is supposed to improve, while
the second is the complication that the procedure may
increase. To compare pregnancy loss rates in pub-
lished studies has a major problem, since for any
pregnancy the chance for having a loss rate decreases
with gestational age. Thus, one question is the rate of
pregnancy loss for the whole pregnancy, and the other,
and most relevant for clinical comparisons and coun-
seling, is what the chances are of losing a viable preg-
nancy at a certain moment. Most pregnancy losses

occur over the first weeks of gestation. For instance,
the likelihoods of delivering liveborn fetuses change
from early to late first trimester from 63% to 90% in
twins, and 45% to 90% in triplets [38]. Furthermore,
after the diagnosis of a viable pregnancy at 14 weeks’
gestation, the rate of miscarriage is substantially
reduced; less than 1% in singletons [39], 1.8% in
dichorionic twins [40] and 4% in triplets [37]. If we
apply this to comparisons between reduced and non-
reduced multiple pregnancies, comparing groups with
different gestational age at inclusion might lead to
substantially biased conclusions. We have kept this
concept in mind in the presentation of available data
over the next sections, and have therefore purposely
omitted any reference to background loss rates where
the gestational age of the population at enrolment was
not stated.

Reduction of triplets to twins
The best available evidence on reduction of triplets to
twins (Table 23.1) comes from a large study by
Papageorghiou et al. [37], in which the authors com-
bined their own results with a systematic review of
previously published data, including a total of 482
pregnancies with ER and 411 managed expectantly.
Embryo reduction was performed at a range of 7–14
weeks’ gestation. In the group treated with ER the
rate of pregnancy loss was higher at 8.1%, compared
with 4.4% in the expectantly managed group (relative

Table 23.1 Embryo reduction in triplet pregnancies: rough estimates of the pregnancy outcomes in comparisonwith the expected outcome
in triplet, twin and singleton pregnancies with live fetuses at 11–14 weeks’ gestation. Numbers are based on published studies on selective
reduction and/or national birth statistics from Europe and the USA, and are given in round figures in order to facilitate comparison of the
expected outcomes with either management. The baby take-home rate, where not reported in published studies, has been estimated on the
basis of pregnancy loss rate and expected mortality rates in very pre-term births.

Pregnancy loss
(>24 weeks)

Early pre-term delivery
(<32 weeks)

Gestational age at
delivery (weeks)

Baby take-
home rate

Background
outcomes

Triplets 4% 25% 33.5 93%

Dichorionic
twins

2% 10% 36 96%

Singleton <1% <1% 40 98%

Reduced
triplets

3 to 2 6% 10% 36 90%

3 to 1 8% 2% 38 90%
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risk = 1.83). The rate of pregnancy loss is somewhat
higher than the 4.8% reported by Evans et al. [29] in
1318 triplets reduced to twins. The spontaneous preg-
nancy loss for non-reduced triplets in other series may
appear too “benign” if one considers previous studies
reporting background loss rates for triplets. However,
as stated above, it is essential to consider the chances
of pregnancy loss adjusted for gestational age.

In the systematic review by Papageorghiou et al.
[37], the rate of early pre-term delivery was lower in
the ER group (10.4 vs 26.7%, relative risk 0.37). The
figures are remarkably similar to the 10% reported by
Evans et al. [29] in their large collaborative series includ-
ing 1749 reduced triplets, although their series included
a small proportion of reductions of three to one fetuses.

The mean gestational age at delivery in triplets
reduced to twins has consistently been reported to be
significantly higher by about 2.5 weeks than in non-
reduced triplets. Papageorghiou et al. [37] reported a
mean gestational age at delivery was 33.8 weeks in
cases managed expectantly, and 36.1 weeks in cases
reduced to twins. The results are similar to those
reported by Evans et al. [29] in their large collaborative
study (35.8 weeks in triplets reduced to twins).

The number of pregnancies with at least one sur-
vivor can not be calculated in most published studies.
In the study by Papageorghiou et al. [37], including
180 non-reduced and 185 reduced triplets, the propor-
tions were 93.5% for the expectant management
groups and 91.1% for the reduced group. Aside from
the interest that these numbers may have for parents,
it is important to make these comparisons in order to
realize that the final differences in survival are not as
important as the differences in the miscarriage rate
may suggest. The rate of deliveries between 24–28
weeks is two- to four-fold higher in non-reduced as
compared with reduced triplets [37], and this carries a
substantially higher risk of neonatal mortality.
Therefore, the differences in miscarriage in favor of
non-reduced triplets are later compensated by a higher
rate of neonatal morbidity due to the increment in
very early pre-term delivery.

Reduction of triplets to singletons
Reduction of triplets to singletons (Table 23.1) may be
the option of choice on certain occasions. Although
there is an increase in the number of patients electively
requesting this option [33], the general recommenda-
tion is still to reduce to twins, since the outcomes of
twins are acceptable and the chances of achieving a

new pregnancy in the future may be uncertain. Thus,
for themoment the most common reason for reducing
to a singleton remains the presence of a triplet preg-
nancy with a monochorionic twin pair, also named
dichorionic triplet. As stated above, dichorionic
triplets have a six- to ten-fold risk of poor perinatal
outcome as compared with trichorionic triplets [19].
For instance, twin – twin transfusion syndrome
may develop in 15–25% of cases and fetal weight dis-
cordance may complicate a similar proportion [19].
Therefore, provided that the ‘singleton’ embryo
appears to be normal on first-trimester ultrasound
evaluation, most parents would probably choose for
reduction of the monochorionic pair. In a recent
review, Evans and Britt [41] estimate that the preg-
nancy loss rate in triplets reduced to singletons is 7%,
the gestational age at delivery is around 39 weeks, and
the proportion of pregnancies with a birth weight
<1500 g would be <2% (compared with about 7% in
triplets reduced to twins). Data on the number of
pregnancies with at least one survivor in pregnancies
reduced from three to one can not be obtained from
published studies.

In summary, the available information suggests
that reducing triplets to singletons could result in simi-
lar rates of pregnancy loss, with a higher gestational
age at delivery and a substantial reduction in neonatal
morbidity as compared with triplets reduced to twins.

Reduction of higher-order (four
or more) pregnancies
Unfortunately there are no case – control studies com-
paring the outcome of reduced and non-reduced
higher-order pregnancies in the same centers, and
therefore results must be compared with historical
series from other studies. In order to make compari-
sons as meaningful as possible we will mostly refer to
the large collaborative study by Evans et al. [29],
reporting the outcome of ER in higher-order pregnan-
cies in 1610 pregnancies. More than 80% of quadru-
plets are reduced to twins [29]. In general, the rate of
pregnancy loss in reduced quadruplets seems to be
very similar to that of twins. Evans et al. [29] reported
an initial 13% rate in quadruplets reduced to twins for
procedures performed before 1994, which decreased to
6.6% from 1995 to 1998. The rate of early pre-term
delivery was 14.2%, a small but significant increase
with respect to reduced triplets (10.1%). Mean gesta-
tional age at delivery was 35.1 weeks, but it is not
possible to estimate the number of pregnancies with
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at least one survivor. In summary, reduction of quad-
ruplet pregnancies results in a slight increase in the
rates of pregnancy loss and early pre-term delivery
with respect to reduced triplets, but mean gestational
age at delivery is similar. However, it must be noted
that these conclusions should only be applied to quad-
ruplets reduced to twins. The loss rate in quadruplets
reduced to other numbers was 20%. Therefore, in the
light of current available literature, it is likely that the
outcome for quadruplets reduced to singletons or trip-
lets is not as good as for triplets reduced to twins, and
patients should be counseled accordingly (Table 23.2).

The best evidence on the outcome for quintuplets
or higher-order pregnancies comes also from the col-
laborative review by Evans et al. [29]. Reduced quintu-
plets had a pregnancy loss rate of 15.1%, and an early
pre-term delivery rate of 15.7%. Reduced sextuplets of
higher-order pregnancies showed a pregnancy loss
rate of 21.6%, and a rate of early pre-term delivery of
16.9%. The mean gestational age for the combined set
of pregnancies with quintuplets or more was 34.8
weeks. Therefore, although the results become poorer
with increasing starting numbers, in the hands of an
experienced operator, reduction of very high-order
pregnancies is associated with acceptable outcomes.

Selective reduction in dichorionic
twin pregnancies
Pregnancy loss rates in reduced twins (Table 23.3) due
to selective fetal malformations range between 3–7%
[13,26]. Evans et al. [13] reported a loss rate of 5.4% in
procedures performed between 9–12 weeks, and of
8.7% in those performed at 13–18 weeks. The rate of
early pre-term delivery was 12.4%. Eddleman et al.
[14] reported a loss rate of 2.4%, early delivery rate of
13.2% and a mean gestational age at delivery of 38
weeks. When dealing with the issue of reduction in
twins, it is also important to consider the rate of severe

prematurity (delivery before 28 weeks). For instance,
the cumulative rate of delivery before and after 28
weeks was 12% in the collaborative series reported by
Evans et al. [13]. To avoid this complication, several
groups have proposed to delay the moment of termin-
ation beyond 24 weeks, even at 28–32 weeks [42].
Such “late” selective termination procedures have been
reported to be associated with survival rates of the
unaffected twin of 97–100% [42,43]. Consequently,
this possibility could be offered to parents in countries
where the law permits late pregnancy termination.

Available data suggest that the outcomes of elective
reduction of twins to singletons are similar to reduc-
tions performed for medical reasons during the first
trimester, although the rate of delivery before 28 weeks
might be lower. In the large collaborative series
reported by Evans et al. [29], the pregnancy loss rate
was 5.8% and early pre-term birth was 7.1%. In a later
study, Evans et al. [3] reported their own experience
with a pregnancy loss rate of 1.9%, early pre-term birth
of 7.5%, mean gestational age at delivery of 37.5 weeks,
and a baby take-home rate of 96%.

In summary, the outcome of dichorionic twins elect-
ively reduced to singletons in the first trimester is
clearly worse than in singleton pregnancies; they deliver
earlier (roughly 37.5–38 weeks) and have an increased
rate of early pre-term delivery (2.5–7.5%). However, the
perinatal outcome seems to modestly improve on the
outcome of non-reduced twins (36.0 weeks at delivery
and 10% early pre-term birth). Whether this is a suffi-
cient argument in favor of elective reduction or not
remains a complex question and it is not the purpose
of this review to enter into such debate.

Impact of embryo reduction on long-term
neurological outcome
The balance between the pregnancy loss and early pre-
term delivery are the most commonly used figures for

Table 23.2 Embryo reduction in quadruplet or higher-order pregnancies: rough estimates of the pregnancy outcomes in comparison with
the expected outcomes in higher-order non-reduced pregnancies. Numbers are based on published studies on selective reduction and/or
national birth statistics from Europe and the USA, and are given in round figures in order to facilitate comparison of the expected outcomes
with either management.

Pregnancy loss
(>24 weeks)

Early pre-term delivery
(<32 weeks)

Gestational age at delivery
(weeks)

Background
outcomes

10% ≥50% ≥30

Embryo reduction 10% 15% 35
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evaluating the risks and benefits of embryo reduction.
However, at the time of counseling, the issue of long-
term neurological morbidity usually comes into the
discussion as themost feared by parents. The relevance
of neurological outcome is normally better understood
than that of prematurity, a more diffuse concept for
most parents.

There are no direct estimates on the rate of cerebral
palsy after ER. Geva et al. [44], in a small retrospective
study on 14 neonates, reported that the rate of peri-
ventricular leukomalacia, the strongest neonatal pre-
dictor of cerebral palsy, was overrepresented in
survivors after ER and suggested this could be a direct
effect of the procedure. In contrast, none of the pro-
spective studies recording the neonatal outcome after
reduction from triplets to twins has reported an
increased prevalence of leukomalacia [43,45–47]. In
addition, Dimitriou et al. [48] assessed 72 children
from trichorionic triplet pregnancies reduced to
twins by selective reduction and found a prevalence
of cerebral palsy of 13 per 1000, which does not differ
from previously reported rates of cerebral palsy in
spontaneous twin pregnancies [8–9]. Therefore, in
the light of current evidence, it is unlikely that ER
increases per se the rate of adverse neurological
outcome, and that the prevalence of long-term neuro-
logical injury in survivors from reduced and
non-reduced triplets should be mainly dependent on
gestational age and birth weight. Papageorghiou et al.
[37] estimated that severe handicap decreases from
28% at 24 weeks to less than 5% at 32 weeks, and
calculated that ER from triplets to twins would reduce

the handicap rate from 1.5% to 0.6%. Another way to
approach the same issue would be to anticipate that,
since the rate of cerebral palsy in triplets has been
consistently reported to be four-fold that of twins,
28–44/1000 versus 7–12/1000 [8–9], ER is likely to
reduce by the same proportion the risk of cerebral
palsy in survivors. In the absence of prospective studies
assessing the long-term follow-up in survivors from
ER, the above estimations may be helpful for parents
with high-order pregnancies to understand the risks
and benefits of expectant management versus ER.
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Chapter

24 Miscarriage after in-vitro fertilization
Ruth Bunker Lathi and Mary D. Stephenson

Case #1: A 39-year-old woman with tubal factor infer-
tility conceives with IVF. Ultrasound evaluation at
6 weeks’ gestation reveals an empty gestational sac.
Cytogenetic analysis reveals trisomy 15, specifically,
47, XX, +15.
Case #2: A 30-year-old woman with unexplained

infertility conceives for the first time after IVF.
Ultrasound evaluation at 8 weeks’ gestation reveals
an embryonic pole of 10mm, without cardiac motion.
Cytogenetic analysis reveals a diploid male result,
46, XY.

How should these patients
be managed?
Miscarriage after IVF can heighten the emotional
roller coaster of infertility treatments. Patients often
equate “miscarriage” with “IVF failure,” rather than
concluding that miscarriage is a common occurrence,
even with assisted reproductive technology (ART). It
is important to discuss the frequency of miscarriage
with patients, prior to initiating IVF. The risk of mis-
carriage increases with advancing maternal age, pri-
marily due to the increasing frequency of maternally
derived trisomy [1]. Unfortunately, the risk of infer-
tility also increases with advancing maternal age.
Women over 35 years of age commonly consider IVF
in their desire to start a family. As shown in
Figure 24.1, when autologous oocytes are used, the
likelihood of an ART cycle ending in miscarriage
increases with advancing maternal age.

Numeric chromosome errors, specifically, trisomy,
monosomy and polyploidy, are the most common
cause of first-trimester miscarriage, in both spontan-
eous and IVF conceptions [1]. It is important to con-
sider factors associated with the couple’s history of
infertility, as well as medications and techniques
required for IVF, in your assessment of miscarriage

risk. This information needs to be discussed with the
couple so an informed decision can be made, in regard
to whether to proceed with IVF.

The objectives of this chapter are two-fold:

(1) To review factors associated with miscarriage
following IVF.

(2) To outline an evidence-based approach to
counseling such couples.

Infertility is a common problem among couples
of reproductive age. It is estimated that over 6 million
women in the USA have difficulty conceiving and
approximately 1.2 million seek treatment every year
in the USA [2]. There are many non-IVF therapies,
which are less invasive and complicated, for infertility
but because IVF has the highest success rate per
cycle, many couples choose IVF initially or after fail-
ing other treatments.

In the year 2004, 127 977 IVF cycles were reported
to the Centers for Disease Control and Prevention
(CDC), mostly from the USA and Canada, and
367 066 were reported to the European Society of
Human Reproduction and Embryology (ESHRE),
mostly from European countries [3,4]. The clinical
miscarriage rate after IVF increases from 10% at
25 years of age to 50% at 43 years of age [2].

Sending the miscarriage tissue for cytogenetic
analysis is the crucial first step to understanding why
miscarriage occurred. If there is a numeric chromo-
some error, termed non-euploidy, such as trisomy,
monosomy or polyploidy, or an unbalanced structural
chromosome rearrangement, then the miscarriage is
“explained.” If the result is euploid, specifically diploid
female or male, or a balanced structural chromosome
rearrangement, the cause of the miscarriage is
unknown, or “unexplained.” If a structural chromo-
some rearrangement is found, such as a reciprocal or
Robertsonian translocation, the parents should be
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screened. If one of the parents has the rearrangement,
genetic counseling is recommended. If neither is
affected, then the structural chromosome rearrange-
ment occurred de novo and the couple has a low risk of
recurrence. .

Numeric chromosome errors in
miscarriages following IVF
The risk of miscarriage dramatically increased with
advancing maternal age, primarily due to trisomy
[1]. Several researchers have examined the frequency
of chromosome abnormalities in miscarriages follow-
ing IVF, as shown in Table 24.1. Although few direct
comparisons have been published, the frequency of

numeric chromosome errors in miscarriages following
IVF are comparable to those following spontaneous
conception[5,6]. The differences seen, between these
studies, are likely due to differences in the mean
maternal ages [7–11].

Ovarian stimulation protocols have been evolving
since the first successful human IVF procedure was
performed in 1978 [12]. In a natural cycle, typically
only one mature follicle is produced. Since not every
follicle produces a viable oocyte and not every oocyte
becomes fertilized in the laboratory, ovarian stimula-
tion is performed to increase oocyte yield and embryo
number. By increasing the numbers of embryos avail-
able for transfer, pregnancy rates per cycle have
increased [13,14]. With an aggressive stimulation
protocol, which typically consists of a GnRH agonist
or antagonist, and high doses of FSH with or without
LH, 10–20 oocytes can be obtained, whereas with a
more mild stimulation, 5–10 oocytes are typically
obtained. The effects of ovarian stimulation on the
developing oocyte are poorly understood.

Studies on preimplantation embryos show a high
rate of numeric chromosome errors in embryos pro-
duced through IVF [15,16]. Such findings have led
researchers to study the impact of ovarian stimulation
on oocyte and embryo development. Baart and col-
leagues compared the impact of a standard ovarian
stimulation to a milder ovarian stimulation in a
randomized controlled trial (RCT) [17]. The standard
ovarian stimulation protocol consisted of 225 IU of
recombinant FSH following 2 weeks of pre-treatment
with a GnRH agonist. The mild ovarian stimulation
protocol consisted of 150 IU of recombinant FSH
starting 5 days after onset of menses for ovarian stimu-
lation followed by a GnRH antagonist to prevent ovu-
lation. There were 44 and 67 patients in standard and

Table 24.1 Frequency of chromosome errors in clinical miscarriage following IVF.

Author Mean maternal age
at miscarriage (years)

Clinical
miscarriages (n)

Chromosome
errors

Causio et al. [7] 32 64 45%

Plachot [8] 35 21 62%

Ma et al. [9] 36 80 64%

Bettio et al. [5] 37 119 61%

Spandorfer et al. [10] 37 71 71%

Lathi et al. [11] 37 152 62%
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miscarriage

0%
<25 26 28 30 32 34 36 38 40 42 >43

10%

20%

30%

40%

50%

60%

Female age (years)

C
lin

ic
al

 m
is

ca
rr

ia
g

e 
ra

te

Figure 24.1 National summary of fresh non-donor egg ART
cycles in US from the Centers for Disease Control and Prevention,
US department of Heath and Human Services [2].
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mild stimulation groups, respectively. Pre-implantation
genetic analysis was performed by 10 chromosome
FISH, of 1–2 blastomeres per cleavage stage embryo.
The results showed that the subjects in the standard
ovarian stimulation group had a higher percentage of
embryos with numeric chromosome errors compared
with the mild ovarian stimulation group, 63% vs 45%
(P=0.016). Despite this difference, because there were
a higher number of eggs and embryos in the standard
ovarian stimulation group, there was no difference in
the absolute number of euploid embryos available for
transfer per cycle between the two groups. Baart et al.
concluded that a more aggressive stimulation results
in more aneuploid embryos without an increase in
viable embryos for transfer. The increased frequency
of chromosome errors could be due to the increased
dose of FSH in the standard ovarian stimulation group
but other factors, such as pre-treatment with a GnRH
agonist or the use of a GnRH antagonist, could have
also influenced the results. It is interesting to note that
the 45% chromosome error rate in the mild ovarian
stimulation group is comparable to the 36% seen in
natural cycle PGD [18]. This study certainly illustrates
how stimulation protocols may impact the frequency
of numeric chromosome errors in oocytes, and thus
embryos, in IVF cycles.

In the case of the 39-year-old woman who con-
ceived through IVF, but, unfortunately, had a mis-
carriage associated with trisomy 15, the question of
whether pre-implantation genetic screening (PGS)
could improve her subsequent likelihood of success
has been raised by many IVF clinicians and scien-
tists. In theory, PGS would allow selection of
euploid embryos, which would be advantageous,
especially in woman of advanced maternal age [19].
Unfortunately, morphological assessment of embryos
prior to transfer is not effective in identifying embryos
with chromosome errors; 60% of aneuploid embryos
have good embryo scores at the cleavage stage and
30–50% progress to the blastocyst stage [20].

Initial retrospective PGS reports showed lower
miscarriage rates in women over 35 years of age
[21,22]. However, several subsequent RCTs found no
clear benefit of PGS, with respect to live birth or
miscarriage rates [23–27]; see Table 24.2.

In 2007, Mastenbroek and colleagues reported a
large multicentered RCT comparing standard IVF
with or without PGS[23]. Four hundred and two sub-
jects between 35 and 41 years of age were randomized
to standard IVF or IVF with PGS. They underwent

up to three cycles of their assigned treatments. This
study showed a statistically significant reduction in
the ongoing pregnancy rate in the IVF/PGS group
compared with the control group. In addition, the
miscarriage rate in the IVF/PGS group was not
decreased [23]. Later, a subgroup analysis of this data
set showed no differences in miscarriage rates even
in patients with a history of one or more prior mis-
carriages [28]. Several smaller RCTs showed similar
results, therefore, there appears to be no benefit of
IVF/PGS to improve the live birth rate in women of
advanced maternal age [24–27,29].

* All studies included one cycle per patient except
in Mastenbroek et al. [23], where up to three cycles
were performed per patient.

* Clinical miscarriage rate was calculated per clinical
pregnancy rate.

As the effectiveness of the technique is called into
question, accuracy and safety appear to be among the
limitations of PGS. The required biopsy is performed
using a laser to remove a portion of the zona pellu-
cida, followed by gentle suction to aspirate a single
blastomere. The blastomere is then fixed and ana-
lyzed using fluorescent in-situ hybridization (FISH)
probes to a chromosome-specific loci. If no nucleus
is seen, a second cell is removed and tested [30,31].
Since all chromosomes cannot be screened with
FISH, specific chromosome probes are chosen; typi-
cally 3–12 probes are used. With a lower number of
probes, fewer errors are detected but many errors
could be missed. However, with a higher number of
chromosome probes, the false positive rate increases,
leading to fewer embryos to transfer. Critics of PGS
have stated that the results of a single cell do not
accurately represent the embryo because of mosai-
cism among blastomeres [32–36]. As new embryo
screening options become available, we may be able
to screen for more chromosomes and have fewer
errors, but concerns about embryo mosaicism and
embryo biopsy techniques will remain.

To date, all prospective RCTs demonstrate no
advantage of IVF/PGS over conventional IVF in
terms of live birth rate or miscarriage rate, in either
young or older IVF patients (see Table 24.2). Despite
the knowledge that women over the age of 35 years
have a higher proportion of non-euploid embryos,
all IVF/PGS RCTs for this cohort show poorer out-
comes with IVF/PGS. Even in younger women desir-
ing a single embryo transfer, there was no benefit of
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IVF/PGS [29]. Staessen et al. showed that embryos
selected for transfer by visual inspection were just as
likely to result in a live birth or miscarriage as those
selected for transfer based on IVF/PGS with 7-probe
FISH.

In summary, chromosome errors are commonly
found in miscarriages, whether the pregnancy was
achieved spontaneously or through IVF. Clinicians
should have a clear understanding of the common
chromosome errors [37] and their frequencies, so
that they can counsel their patients appropriately.
At least 90% of pregnancies with chromosome errors
end in demise prior to 10 weeks’ gestation. It appears
that the overwhelming majority of miscarriages
with chromosome errors are not associated with an
increased risk of miscarriage in the next pregnancies,
as it appears to be a random event. Hence, sending
miscarriage tissue for chromosome testing can be
informative for the patient and clinician. If the

miscarriage is found to be non-euploid, no further
evaluation is needed and IVF/PGS should not be
recommended based on currently available data
from the RCTs described above. A milder stimula-
tion protocol without pretreatment with a GnRH
agonist could be considered, based on the RCT by
Baart et al. [17]. However, further studies are needed
in this area.

Approach to patients with euploid
miscarriages after IVF
With a euploid miscarriage, a careful review of the
patient’s obstetric and medical history is warranted.
For example, if this is her second or third miscarriage,
a thorough evaluation for recurrent pregnancy loss
would be indicated, as described in Chapter 7. In
Case #2, this was the patient’s first miscarriage,
which occurred prior to 10 weeks’ gestation. Since

Table 24.2 Randomized controlled trials of in-vitro fertilization with pre-implantation genetic screening (IVF/PGS) versus IVF alone.

Number of
patients (n)

Female age
criteria
(years)

Age
(mean)

Chromosomes
screened

Live birth
rate/
patient

Clinical
miscarriage
rate

Mastenbroek,
et al. IVF/PGS [23]

206 35–41 38 X, Y, 1, 13, 16, 17,
18, 21

24% 18%

IVF controls
(without PGS)

202 35–41 37.9 35% 18%

Hardarson et al.
IVF/PGS [24]

56 >38 40.5 X, Y, 13, 16, 18, 21,
22

5% 70%

IVF controls 53 >38 40.6 19% 37%

Staessen et al.
IVF/PGS [25]

148 >37 40.1 X, Y, 13, 16, 18, 21,
22

15% 24%

IVF controls 141 >37 39.9 21% 25%

Schoolcraft et al.
IVF/PGS [26]

32 >35 38.2 X, Y, 13, 15, 16, 17,
18, 21, 22

50% 26%

IVF controls [26] 30 >35 38.3 52% 32%

Meyer et al.
IVF/PGS [27]

21 <39 31.6 X, Y, 13, 16, 17, 18,
21, 22

29% 46%

IVF controls 22 <39 31.1 68% 6%

Hardarson et al.
IVF/PGS [24]

56 ≥38 40.5 X, Y, 13, 16, 18, 21,
22

5.4% 70%

IVF controls 53 ≥38 40.6 19% 38%

Staessen et al.
IVF/PGS [29]

107 <36 30.0 X, Y, 13, 16, 18, 21,
22

31% 21%

IVF controls 107 <36 29.7 31% 28%
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the cytogenetics result was diploid male, 46, XY,
miscarriage risk factors should be carefully evaluated.

Counseling women after miscarriages with euploid
chromosome results is challenging because the eti-
ology is often unknown. If the result is diploid female,
46, XX, discussion with the cytogenetics laboratory
is required, to determine whether further studies
could be performed to assess for maternal cell con-
tamination, due to culturing of the maternal decidua,
rather than the miscarriage tissue.

Despite euploid results, developmental defects
often occur. In fact, embryoscopy studies of the mis-
carriage prior to uterine evacuation reveal that major
embryonic developmental abnormalities are often
seen in euploid miscarriages. Philipp et al. found
that 71% of euploid miscarriages had major morpho-
logical abnormalities, including neural tube defects,
microcephaly, as well as face and limb defects. Only
7% of the miscarriages examined were both chromo-
somally and morphologically normal [38]. In a
subsequent publication, Philipp et al. reported
embryoscopy and cytogenetic results of 23 IVF preg-
nancies ending in miscarriage [39]. They found that
15 of the 23 miscarriages had numeric chromosome
errors and that six out of eight of the embryos with
euploid results had grossly abnormal developmental
defects. Although embryoscopy is not widely avail-
able, these results can be used for counseling. Despite
normal chromosome results, an embryo may have
had a major developmental defect, which was incom-
patible with life.

Lifestyle modification
Lifestyle factors should be carefully evaluated and
modified, when possible, following a euploid miscar-
riage and, ideally, for all women who are considering
starting a family. Sometimes, having a miscarriage can
motivate prospective mothers to improve their pre-
pregnancy health. Such factors include obesity and
substance use, such as tobacco and caffeine. Maternal
obesity has been associated with an increased risk
of miscarriage and poor pregnancy outcomes in sev-
eral studies of spontaneous [40–43] and IVF concep-
tions [44,45]. Although studies on the effect of weight
loss on miscarriage are often small and retrospective,
they do show a reduction in miscarriage rates [43,46].

The link between caffeine consumption and the
risk of miscarriage has been debated for years. The
largest prospective study in the literature suggests a
link between increased caffeine consumption and

early pregnancy loss [47]. In addition, a study by
Cnattingius et al. demonstrated that the increased
miscarriage rate was due to demise of euploid preg-
nancies [48].

Cigarette smoking is another modifiable risk fac-
tor for infertility and history of miscarriage [49,50].
A meta-analysis of 17 studies examining the outcome
of assisted reproduction found that women who
smoked had an increased odds of miscarriage com-
pared with non-smokers, OR 2.65 (95% CI 1.33–5.30)
[51]. In addition, smoking was associated with higher
ectopic pregnancy rates and lower implantation rates.
Despite such risks, some women continue to smoke
throughout pregnancy [49]. Counseling patients to
stop smoking prior to IVF is likely to improve the
live birth rate and decrease the risk of miscarriage.

In summary, caffeine, tobacco and secondhand
smoke exposure have been associated with a modest
increase in early miscarriage [48,52,53]. It should be
recommended that patients minimize or avoid caf-
feine ingestion and exposure to tobacco smoke prior
to and during pregnancy to reduce the risk of
adverse pregnancy outcomes [54].

The optimal amount of physical exercise during
pregnancy is unknown. Patients with a history of mis-
carriage will often ask if bedrest is necessary to prevent
miscarriage. These patients should be reassured that
typical or routine non-vigorous activity does not
appear to be a risk factor for miscarriage. Secondly,
several studies have shown that bedrest does not
appear to reduce the risk of miscarriage [55].
However, there are data that suggest that intense and
long duration of physical exertion may be associated
with a higher risk of miscarriage [56,57]. Therefore,
it may be reasonable to recommend that women
consider reducing the intensity and duration of their
exercise in pregnancy, especially if there is a history
of miscarriage.

Tubal disease
Several studies have shown that hydrosalpinx is asso-
ciated with an increased miscarriage rate in IVF,
compared with control patients with other infertility
factors or proximal tubal occusion [58–62]. The
mechanism of this detrimental effect is thought to
be due to a direct effect of the hydrosalpinx fluid on
embryo development or endometrial receptivity
[63,64]. The biochemical markers of implantation,
such as ß3 integrins, Hoxa genes, LIF and IL-1
appear to be altered in the setting of hydrosalpinges

Chapter 24 Miscarriage after in-vitro fertilization

259



[54,64–67]. Treatment of hydrosalpinx either by
proximal tubal ligation or salpingectomy, has been
shown to improve the success of IVF by reducing the
miscarriage rate [68–71]. Typically, a hydrosalpinx is
diagnosed during the initial infertility evaluation by
hysterosalpingogram (HSG). However, HSG may not
be uniformly performed, for example, in cases of
severe male factor infertility. If a hydrosalpinx is
suspected, based on ultrasound findings or history,
an HSG should be performed. If present, ligation or
salpingectomy should be considered before another
IVF cycle.

Endocrine evaluation
Several endocrine factors, most notably thyroid dis-
ease, are also linked to an increased miscarriage risk
after IVF. The most common etiology of clinical and
subclinical hypothyroidism in developed countries is
autoimmune disease. Several studies have shown an
increased incidence of autoimmune thyroid disease
in the infertile population, particularly associated
with endometriosis and ovarian failure [72–74]. In
1990, Stagnaro-Green et al. published the first study
showing an association between antithryoid anti-
bodies and miscarriage. Since then, this association
has been confirmed by others and appears to be
independent of demographics, age and obstetric his-
tory [75–81]. A meta-analysis of these studies
reported an OR of 2.73 (95% CI 2.20–3.40) for mis-
carriage in antibody-positive euthyroid women, com-
pared with controls [82]. The cause of this
association is unknown, but preliminary data suggest
that the risk of miscarriage may be reduced with
thyroid supplementation [83,84].

For women with known thyroid disease, the
Endocrine Society guidelines recommend that thy-
roid supplementation be adjusted so that the TSH
level is below 2.5 prior to conception. Thyroid
requirements are known to increase during preg-
nancy and an increase in thyroid supplementation
by 30–50% during early pregnancy should be antici-
pated [85]. A sensitive TSH assay should be per-
formed after a euploid miscarriage. Recent evidence
suggests that 2.5 mIU/ml should be considered the
upper limit of normal in women contemplating preg-
nancy and that higher levels are considered to be
subclinical or overt thyroid disease [86].

Fertility treatments can also stress the secretory
capacity of the thyroid, therefore, women with subclin-
ical thyroid disease may develop overt hypothyroidism

with the initiation of IVF. In a pilot study, Baker et al.
found that TSH levels between 2.5 and 4 mIU/mL prior
to an IVF cycle were associated with an increased mis-
carriage rate [87]. Therefore, thyroid supplementation
should be considered in the IVF population when the
pre-pregnancy TSH level is greater than 2.5 mIU/mL,
with dosing adjusted to maintain the TSH below this
cut-off prior to attempting conception and throughout
pregnancy.

In-vitro fertilization patients with a euploid mis-
carriage should be re-evaluated for prolactin disor-
ders. Hyperprolactinemia typically presents with
oligomenorrhea or galactorrhea, however, otherwise
asymptomatic patients with hyperprolactinemia may
suffer from altered steroid hormone production
[88,89]. Treatment of asymptomatic recurrent miscar-
riage patients with bromocriptine was shown to
decrease miscarriage risk in an RCT [90]. Although
this study was limited by size and did not address IVF
patients with a euploid miscarriage, it seems reason-
able to treat hyperprolactinemia in this setting.

Although uncontrolled diabetes is rare in the
reproductive age population, it is an important factor
associated with first-trimester miscarriage. Since
women with polycystic ovary syndrome (PCOS) are
at increased risk for both insulin resistance and overt
diabetes, it is recommended that PCOS patients be
screened for diabetes [91]. Diagnosing and treating
diabetes is essential for women attempting pregnancy,
both to reduce the miscarriage rate [92], but also to
reduce the risk of congenital malformations [93,94].
Strict blood-sugar control during preconception
and in early pregnancy is necessary to reduce the
miscarriage risk [95,96]. While ideally glycosylated
hemoglobin levels should be kept below 6.1%, any
reduction in HgA1c can be associated with improved
pregnancy outcomes [97,98].

Endometrial factors
Successful implantation and pregnancy depends on a
complex interaction between the developing endo-
metrium and the embryo. Aberrations in markers of
endometrial receptivity, such as LIF and IL-11
[99,100], have been seen in both infertile and recurrent
miscarriage patients [101–104]. Studies examining
endometrial dating have shown accelerated endome-
trial maturation and dysregulation of endometrial
transcripts in the luteal phase of gonadotropin-
stimulated cycles [105–108]. Studies have revealed
these changes are more pronounced with a more
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aggressive ovarian stimulation protocol and higher
estradiol levels[109,110]. The impact of these changes
on the miscarriage rate is poorly understood. In a
retrospective review of IVF cycles, Santoro et al.
found a trend toward increasing miscarriage rate
with increasing dose of gonatropins, however, due to
confounders, such as age and decreased ovarian
reserve, this trend did not reach statistical significance
[111]. Well-powered studies are needed to evaluate
the impact of ovarian stimulation protocols on endo-
metrial function and miscarriage risk.

Uterine factors
Congenital and acquired anomalies of the uterus are
found in patients with infertility and recurrent mis-
carriage. If not performed prior to an IVF cycle, a
uterine evaluation should be performed after a euploid
miscarriage to assess for congenital and acquired
uterine anomalies. A uterine septum, either partial or
complete, is the most frequent of the müllerian fusion
anomalies. If a septum is found, counseling about
treatment options, specifically, a hysteroscopy metro-
plasty, should be discussed to reduce the risk of
miscarriage in the IVF population [112].

Uterine fibroids are common among women of
reproductive age; submucosal and intramural fibroids
have been associated with an increased miscarriage
rate [113–115]. Although no RCT has been performed,
retrospective studies suggest that removal of fibroids
reduces miscarriage rates in women with a history of
miscarriage [116,117]. Therefore, surgery could be
considered for an IVF patient with a euploid miscar-
riage, if clinically significant fibroids are present.

Intrauterine synechiae may form after any type
of endometrial trauma, most commonly infection or
surgery. Synechiae are found in 5–25% of patients
with infertility and/or recurrent miscarriage [118]. In
order to optimize future pregnancy outcomes, consid-
eration should be given to hysteroscopic adhesiolysis.

Fortunately, müllerian fusion anomalies, such as
the unicornuate uterus, bicornuate uterus and uterine
didelphys, all of which cannot be surgically repaired,
have a good prognosis for a subsequent live birth
[119,120].

Conclusions
Miscarriages after an IVF cycle are frustrating for the
patient and physician. Performing cytogenetic analysis
on the miscarriage tissue is useful for counseling the
patient and for determining whether further evaluation

is warranted. Based on several RCTs, IVF/PGS does
not appear to reduce the risk of miscarriage in IVF.
After a euploid miscarriage, underlying medical and
obstetric factors should be carefully evaluated.
Hydrosalpinx, subclinical and overt hypothyroidism,
obesity and diabetes should be treated. Lifestyle factors
can also contribute to excess miscarriage, so those
should also be modified to create the optimal environ-
ment for early pregnancy.

If a factor is not identified, patients should be
encouraged to try again. Presently, IVF live birth
rates are no different for women with a history of
miscarriage compared with those without, or with no
prior pregnancy [2]. There is a paucity of randomized
controlled data on ovarian stimulation protocols and
their impact on euploid or non-euploid miscarriages.
Further studies are urgently needed so that optimal
care can be provided to reduce the risk of miscarriage
following an IVF cycle.
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Chapter

25 Vanishing twin syndrome
and long-term outcome
Anja Pinborg

Introduction
Three decades ago the existence of “vanishing twins”
was only hypothesized and the term encumbered with
mystical overtones. As ultrasonography is a prerequis-
ite for the diagnosis, the vanishing twin phenom-
enon – described as embryonic loss of one twin and
survival of its co-twin – was first documented in the
early days of this technique [1]. As neither the number
of vanished twins nor the total number of twin gesta-
tions can be determined when first-trimester ultrason-
ography is not universally performed, the true
prevalence of the syndrome is unknown. Further, the
use of strict diagnostic criteria is very important for
the definition to avoid the confusion between a van-
ishing gestational (but empty) sac and a disappearing
embryo, and between a prominent yolk sac and a
gestational sac [2].

Thirty years have passed and more than 2 million
assisted reproductive technologies (ART) children have
been born worldwide since the first in-vitro fertilization
(IVF) baby was delivered in 1978. The incidence of
multiple pregnancies has simultaneously increased
dramatically owing to the expanded use of infertility
therapies and higher childbearing age. Advocated in the
late 1990s, the move from triple- to double-embryo
transfer almost eliminated higher-order births, but
hardly affected the incidence of twin pregnancies. It is
well known that twin pregnancies are associated with
considerable risks for the mother and offspring and
strategies to reduce the frequency of ART twin preg-
nancies are developing. Arising evidence has proven
that compared with their spontaneously conceived
counterparts even ART singletons carry higher risks
of adverse short- and long-term outcomes [3–9]. The
explanation for this is multifactorial and includes (1)
higher maternal age, (2) higher frequency of first-time
mothers in ART and (3) infertility per se or the

unfavorable parental characteristics of the infertile
couples [10–15]. Vanishing twin pregnancies are also
a considerable contributor. Whether the IVF/intracyto-
plasmic sperm injection (ICSI) methods themselves
including the ovarian stimulation plays a role in the
poorer outcome is currently being discussed.

Although the concept of the vanishing twin was
developed in the 1970s, the term has gained new focus
as the dual-embryo transfer policy in ART has con-
tributed not only to the rise in twin pregnancies but
also to an increasing number of vanishing twin preg-
nancies. The routine of early ultrasonography in ART
pregnancies has provided new information of the true
frequency.

This chapter addresses the prevalence of vanishing
twins with considerations of the early implantation pro-
cess including possible pathological mechanisms of the
vanishing twin and the vanishing embryo syndrome. The
main part is focusing on obstetric and long-term out-
come for the surviving fetus in both spontaneously con-
ceived (SC) and ART pregnancies. Finally, vanishing
twin syndrome in a broader perspective of elective single-
embryo transfer in ART is discussed.

Pathology
In 1945, long before the advent of ultrasound, the
vanishing twin phenomenon was commented on by
Stoeckel, who suggested: “It thus appears that twins are
more often conceived than born; not only in addition
to the evidence of feti papyracei, it may be that twin
material is reabsorbed due to early death, without
leaving any trace” [16]. Ultrasound has decades later
confirmed the events described by Stoeckel, character-
ized as the vanishing twin phenomenon and also des-
ignated as spontaneous reduction. In 1979 Finberg
and Birnholz were the first to postulate that a collec-
tion of blood seen during pregnancy termination
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represented an earlier sonographic finding of a second
sac that had been adjacent to a 6-week viable gestation
and had the statement pathologically confirmed after-
wards [17]. The routine use of ultrasonography has
later confirmed that spontaneous reduction is a rela-
tively frequent event and histological findings from the
fetal surface of placenta have been documented such as
well-defined cysts or sacs, degenerated chorion villi,
fibrin deposition or fibrinoid degeneration, placental
nodules or plaques, embryonic remnants and macer-
ated or stunted fetuses [2].

The precise pathophysiological mechanism of the
vanishing twin is still unknown, but early pregnancy
disappearance seems to involve resorption and/or
formation of a blighted ovum or fetus papyraceus
and several explanations are offered: inferior implan-
tation, insufficient placental function, chromosomal
abnormalities, malformations and iso-immunization.
Chromosomal abnormalities including trisomy 9 and
16, triploidy, tetraploidy and sex chromosomal abnor-
malities in one of the twins are a documented cause of
a resorbed co-twin. Trisomy 16 arising from residual
villi belonged to a trisomic twin that never developed,
which was supported by a cytogenic analysis of a
placental nodule identified at the time of delivery of a
healthy infant [18]. Theoretically, iso-immunization
developing during pregnancy in a previously unsensi-
tized rhesus-negative mother, in which a rhesus-
positive fetus disappears and a rhesus-negative twin
continues could be responsible for disappearance of
the co-twin [19].

Landy and Keith defined the vanishing twin as the
disappearance of one of two gestational sacs or
embryos after documented fetal activity [1]. The
“lower” gestational age limit involves ultrasound docu-
mentation of an embryo or gestation, but an “upper”
gestational age limit is not implemented in the defini-
tion. Therefore this “upper” limit varies in different
studies with both first, second and third trimester
disappearances, which is important when comparing
outcome of the surviving co-twin.

The vanishing embryo syndrome
Commonly two or more embryos are transferred in
ART pregnancies with a potential risk of losing
co-embryos in early pregnancy. Very early, unrecog-
nized twin gestations or “incipient twins” are impos-
sible to quantify, as this entity cannot be verified by
ultrasound. A quantitative estimate of the “incipient
twin” is the difference between the number of embryos

transferred and the number of implanted embryos
measured as the number of gestational sacs. The num-
ber of implanted embryos is less likely to be reported
and therefore some authors have looked at the
“vanishing embryo syndrome” as the outcome in preg-
nancies, where the number of embryos transferred is
greater than the number of children born.

Hypothetical mechanisms for the poorer preg-
nancy outcome in singleton births with an incipient
twin are first-trimester “crowding” of the developing
gestations or lack of appropriate sites for placental
implantation. These factors may determine placental
expansion and ultimate fetal nourishment and growth.
A hypothetical but unspecific indicator of the incipient
twin is first-trimester bleeding, which is present in
one-third of all ART pregnancies and is associated
with a higher rate of spontaneous abortions [20–21].
Disappearance of a fetus or a gestational sac is associ-
ated with vaginal bleeding or spotting, and the clinical
presentation of bleeding seems to coincide with the
vanishing process [19]. In spontaneously conceived
(SC) pregnancies first-trimester vaginal bleeding is
associated with higher obstetric risks, which in a
population-based study were directly proportional to
the amount of bleeding [22–23]. A similar association
between first-trimester bleeding and pregnancy out-
come including a three-fold increased risk of extreme
pre-term birth (OR 3.0, 95% CI 1.1–8.3) was shown in
1432 ART singleton pregnancies [24]. The authors
found a correlation between the incidence of first-
trimester bleeding and the number of embryos trans-
ferred, and first-trimester bleeding was more prevalent
in ART than in SC pregnancies, which could point to
differences in the implantation process after ART.
Moreover there were significantly more vanishing
twin pregnancies with first-trimester bleeding (8.7%)
than in singleton controls (4.0%).

Early vanishing twins including incipient twins fol-
lowing the transfer of two or more embryos may
increase the incidence of first-trimester bleeding in
ART pregnancies. Another indicator of the incipient
twin in the study by De Sutter was the linear correlation
between the incidence of first-trimester bleeding and
the number of embryos transferred, which is very sug-
gestive of the early vanishing twin effect. The authors
conclude that significantly more embryos were trans-
ferred in the first-trimester bleeding group than in
controls, which may point to the fact that in some of
the patients this bleeding is associated with both recog-
nized and unrecognized vanishing twins [24].
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Schieve et al. found that infants conceived with
ART were more likely to be of low birth weight in
pregnancies with vanishing embryos [25]. In accord
with this, Dickey et al. showed that the length of
gestation in ART pregnancies was inversely related to
the initial numbers of gestational sacs in singletons and
twins [26]. A Danish national population-based cohort
study has looked at the association between vanishing
co-embryos and the risk of cerebral palsy in 9444 IVF/
ICSI children [27]. In a Cox regression analysis
adjusted for all the relevant covariates the hazard rate
ratio of cerebral palsy was 2.3 (95% CI 0.99–5.32) in
pregnancies where the number of children at delivery
was smaller than the number of embryos transferred
compared with pregnancies where the number of
embryos was equal to the number of children born.

The vanishing twin

Diagnosis and frequency
The true incidence of vanishing twin pregnancies
remains unknown and precise assessment is very diffi-
cult, as it requires (1) strict definition, (2) routine
ultrasonography of both ART and SC pregnancies
and (3) clearly defined ultrasound criteria. There is
uncertainty whether the term refers to two gestational
sacs or two live fetuses and some authors have
included the disappearance of a gestational sac
(where inevitably there is a possibility that one
might be a pseudo-sac) while others include the
demise of a fetus with fetal heart beat. Regarding the
upper limits both first-, second- and third-trimester
discarded fetuses have been included. As no routine
ultrasonography up to now has been performed in
early SC pregnancies, the true incidence of SC vanish-
ing twin pregnancies has not been verified. On the
other hand ART pregnancies with the obligatory
early viability scans have provided valuable new infor-
mation on vanishing twins, though the incidence in
ART pregnancies is probably higher than in SC preg-
nancies due to the dual-embryo transfer policy.
Sonographic findings such as normal early embryonic
structures including amniotic cavity, chorionic sac,
yolk sac, extraembryonic coelom and also subchori-
onic hemorrhage or hydropic changes in chorion
villi can be misinterpreted as additional gestational
sacs [2]. Hence the skills of the sonographer and the
quality of the equipment used mean an inherent pos-
sibility of both exaggeration and underestimation of
the true incidence.

Landy and Keith included all relevant publications
since 1990 to determine the frequency of resorption in
the first trimester inART and SCpregnancies after early
sonography had demonstrated either two gestational
sacs or fetuses [2]. The frequencies of vanishing twins
in this review together with more recent publications
are presented in Table 25.1. The review, with a total of
317 ART pregnancies with initially two sacs, showed
very similar pregnancy outcomes to a later thoroughly
designed prospective study by Dickey with 866 ART
pregnancies with initially two sacs; 9%withmiscarriage,
27% singleton delivery and 64% twin delivery [2,26]. In
these studies 27% had a vanishing twin pregnancy after
the diagnosis of initially two gestational sacs.

The pregnancy outcome of the studies classified
with two viable fetuses including a total of 871 ART
pregnancies is less consistent as frequencies of miscar-
riage, singleton and twin pregnancy vary from 5–12%,
12–38% and 57–83%, respectively [2,28,29]. In a
Danish multicenter study of delivery outcome in
2137 ART pregnancies after the diagnosis of two viable
fetuses in early pregnancy, 4% had a miscarriage, 9% a
singleton delivery and 88% a twin delivery (Table 25.1)
[30]. These divergences are attributable to the contro-
versy in the definition of spontaneous reduction,
inter-study variability in gestational age at early ultra-
sound and various study populations. Not surprisingly
studies with very early ultrasonography had a higher
vanishing twin and miscarriage rate.

Dickey et al., in a debate with additional analyses
on their primary cohort [31], presented the vice versa
frequency as the authors stated that 15% of singleton
births following IVF began as a higher-order gestation
[31]. This finding was consistent with Tummers, who
in 397 early ART twin pregnancies found a vanishing
twin rate of 12% in singleton births [28] and with a
Danish multicenter cohort study on 8542 clinical IVF
pregnancies with a 10% vanishing twin rate in the
singleton births [30]. A lower rate of only 6% vanish-
ing twins was found in the Australian and New
Zealand national register of assisted conception after
two gestational sacs were present at the early ultra-
sonography. This diminished rate could be a conse-
quence of less optimal recording in the registers and
with diverging gestational ages at early ultrasound
[32]. However, a similarly low rate was recently
found in an Austrian case–control study with 5.8% of
ART singletons originating from a twin gestation [33].

With no solid data available the true incidence of
vanishing twins in SC pregnancies is widely unknown.
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In the review by Landy and Keith loss of one twin
could be expected in 40.5% after early identification
of two sacs and in only 7.3% if two fetuses were
observed, however these percentages were based on
only 37 and 41 twin conceptions respectively [2]. In
addition patients with SC pregnancies undergo early
ultrasonography only because of vaginal bleeding or
other high-risk conditions at various gestational ages,
while an early sonography is routinely performed in
ART pregnancies around weeks 6–7.

In summary, the frequency of vanishing twins in
ART pregnancies lingers between 6–15%, but the evi-
dence on the rate in SC pregnancies is absent. In many
European countries nuchal translucency scans are now
being implemented in the national prenatal screening
programmes and offered to all pregnant women. Thus
a more precise assessment of the frequency of vanish-
ing twins in SC pregnancies will be available in the
future.

Obstetric complications
In 1970 Hewitt and Stewart suggested that the abor-
tion risk for one member of a twin pregnancy is
greater than the risks for both members and that the
surviving twin is often mistaken for a singleton. In

those authors’ opinion, misinterpreting the surviving
twin as a singleton incorrectly skews data regarding
both twinning frequencies and spontaneous abortion
statistics [34]. Three decades later this is still relevant,
as hidden vanishing twins skew the obstetric outcome
of IVF singletons. A possible etiology behind this
adverse outcome following spontaneous loss of a co-
twin could be inflammatory and catabolic processes
secondary to the presence of demised fetal tissue.

Worldwide more than 2 million babies have been
delivered after ART and excepting higher childbearing
age, the main cause of increasing twin rates is ART as a
consequence of the dual- or multiple-embryo transfer
policy. Twins carry an increased risk of both short-
and long-term adverse outcomes compared with
singletons also in ART [30], but the consequences of
vanishing twins for the outcome in ART singletons
have only been pinpointed during recent years.

The first papers indicating an association between
the number of transferred embryos and pregnancy
outcome showed that the higher the initial number
of gestational sacs the higher the obstetric risks irre-
spective of the final birth number [25,26,32]. Dickey
et al. found that after spontaneous reduction with two
initial gestational sacs (N = 147), the average length of
gestation for singleton births was shortened by 3 days

Table 25.1 Pregnancy/delivery outcome in assisted reproductive technology (ART) and non-ART conceptions after two fetuses or two
sacs were observed by ultrasonography in the first trimester.

Pregnancy/delivery outcome

Reference Type of
study

Type of
conception

Study
period

UL GA
week

Pregnancies
N

Twins
%

Singleton
%

Miscarriage
%

Two gestational sacs

[26]* Retrospective ART 1976–2000 6–7 549 63.9% 26.8% 9.3%

[2]* Review (n = 3) ART 1976–92 early 317 64.0% 27.1% 8.8%

[2]* Review (n = 1) Non-ART 1976–92 early 37 40.5% 40.5% 19.0%

Two fetuses

[30]** Registry ART 1995–2001 6–7 2137 87.7% 8.8% 3.5%

[28]* Retrospective ART 1993–2000 6–7 397 82.8% 12.1% 5.1%

[29]* Retrospective ART 1992–2002 4–5 261 64.8% 23.7% 11.5%

[2]* Review (n = 7) ART 1976–1992 early 213 57.3% 38.0% 4.7%

[2]* Review (n = 4) Non-ART 1976–1992 early 41 82.9% 7.3% 9.8%

* Outcome of pregnancy in second trimester;
** Outcome of pregnancy at delivery.
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(P <0.05) and the mean birth weight was 160 g lower
than in singletons with initially one gestational sac
(P= 0.002) [26].

Studies on spontaneous reduction in early pregnancy
and the frequency of pre-term birth <37 weeks and
<32 weeks are summarized in Table 25.2. Apparently
all studies with more than 100 survivors show signifi-
cantly higher frequencies of pre-term and very pre-
term birth [26,30,32] and although not statistically
significant the smaller studies showed a clear similar
trend [29,33,35]. The largest study on spontaneous
reduction, an Australian national register-based study
with 20 183 singleton pregnancies including 1213 with
initially two sacs showed a significant association
between the initial number of gestational sacs and
risk of prematurity, in particular extremely premature
infants, indicating a causal relationship between the
numbers of implanted embryos and later outcome in
ART singletons [32].

Regarding low birth weight, a very large US
population-based controlled cohort study on low
birth weight in 18 408 ART singletons found that
singletons from pregnancies with initially 2 fetal
heartbeats recorded had a frequency of 17.6% with
low birth weight (<2500 g) versus 12.6% in singletons
with one fetal heartbeat from the start [25].

In a Danish multicenter cohort study on 642 sur-
vivors of a vanished co-twin, controlled for maternal
age, parity and treatment type (IVF or ICSI), survivors

carried a 2.3-fold increased risk of very pre-term birth
(<32 weeks) and a 2.1-fold increased risk of very
low birth weight (<1500 g) and a three-fold higher
mortality rate [30]. An inverse significant correlation
was found between survivors’ gestational age at onset
of disappearance (early GA<8 weeks, intermediate
GA= 8−22 weeks and late GA>22 weeks) and poorer
obstetric outcome – the higher gestational age at
demise the poorer the outcome regarding both birth
weight, pre-term delivery, small-for-gestational age
(SGA) and mortality. Even the early and intermediate
survivors had significantly poorer outcome than
singletons from one gestation with an adjusted risk
of child death of 3.3 (95% CI 1.6–7.3) and the early
survivors also had significantly lower mean birth
weight than singletons from one gestation, indicating
that disappearance of a co-twin in the very early preg-
nancy (<8 weeks) influences the outcome [30].

Results from the same Danish cohort showed a
significant inverse correlation between the frequency
of babies born SGA and the gestational age at onset of
spontaneous reduction and the only independent pre-
dictor of SGA in the IVF singleton cohort was vanish-
ing of a co-twin [36].

A recent case–control study on 46 survivors and 92
matched singleton controls confirmed the findings by
Schieve and Pinborg on birth weight, as a significantly
lower mean ( ± SD) birth weight (2876.3 ± 600.5 g vs
3249.6 ± 624.5 g), a higher frequency of low birth

Table 25.2 Frequency of pre-term birth (<37 gestational weeks) and very pre-term birth (<32 gestational weeks) in assisted reproductive
technology (ART) singleton survivors after either one or two gestational sacs/fetuses had been present at ultrasonography in early pregnancy.

Percentage with delivery at: <37 gestational
weeks

<32 gestational
weeks

Survivors Initial no. of fetuses/sacs Initial no. of fetuses/sacs

Two gestational sacs N Two One P-value Two One P-value

[32] 1213 18.0% 13.7% S 6.3% 3.3% S

[26] 147 11.4% 8.4% S 4.5% 1.4% S

Two fetuses

[30] 642 13.2% 9.0% <0.001 3.8% 1.3% <0.001

[29] 62 19.3% 16.7% NS 4.8% 2.7% NS

[33] 46 19.6% 8.7% 0.067 4.3% 2.2% 0.47

[35] 44 18.2% 16.1% NS 4.4% 3.7% NS

S, Statistically significant, but no P-value available; NS, Non-significant.
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weight (26.1% vs 12.0%) and being small for gesta-
tional age (32.6% vs 16.3%) for survivors of the van-
ishing twin syndrome was found [33].

In summary, ART singletons born after a concep-
tion with initially two gestational sacs or fetuses have
poorer obstetric outcome than ART singletons born
after one initial gestational sac or fetus, even when
demise occurs in the very early pregnancy. Evidence
of the same vanishing twin effect in SC pregnancies is
missing.

Long-term outcome
Pharoah and Cooke hypothesized that cerebral palsy
of unknown etiology could be the result of the vanish-
ing embryo syndrome [37], but the evidence on long-
term outcome in survivors of the vanishing twin
syndrome is still very limited. Most existing studies
on neurological sequelae are based on spontaneously
conceived singletons and to death of a co-twin in third
trimester. Based on the Western Australian cerebral
palsy register, twins in the 1980s born after in-utero
death of a co-twin had a prevalence of cerebral palsy of
96.2 per 1000, 15 times higher than for twins where
both were live-born (6.4/1000) and 60 times higher
than for singletons (1.6/1000) [38]. It has been con-
firmed since that late intrauterine death of one twin
has considerable influence on the risk of cerebral palsy
and mortality in the surviving twin [39–40]. Pharoah
and Adi found that the liveborn co-twin of a fetus that
died in uterus was at a 20-fold increased risk of cere-
bral impairment compared with the general twin risk
and Scher et al. found a four-fold increased risk of CP
in twin survivors of a stillborn co-twin.

In 2003 Newton et al. conducted a case–control
study of vanishing twins as a risk factor for cerebral
palsy of unknown etiology. Among mothers of cases,
one of 86 had evidence of a vanishing twin on ultra-
sound, as compared with two of 381 control mothers
(OR 2.2, 95% CI 0.2–24.8; P = 0.5). Bleeding in early
pregnancy may indicate the loss of a co-twin and was
reported by 14 case mothers and 46 control mothers
(OR 1.6, 95% CI 0.8–3.0; P = 0.3). On the basis of their
results the authors concluded that the vanishing twin
syndrome is unlikely to account for a high proportion
of cases of cerebral palsy, but that they had insufficient
statistical power to draw firm conclusions [41].

Only two recent studies have looked at cerebral
palsy in ART pregnancies after vanishing twins and
embryos. In the previously mentioned Danish multi-
center study a cross-linkage to the National Patient

Register was made to assess the risk of cerebral palsy
after loss of a co-twin in either first, second or third
trimester [30]. The overall prevalence of cerebral palsy
was 8.2 per 1000 in singletons with a disappeared
co-twin in the first or second trimester, while 4.2 per
1000 in singletons with only one gestational sac in
early pregnancy. Though not statistically significant
these results indicate a two-fold increased risk of
cerebral palsy (OR 1.9, 95% CI 0.7–5.2) in first and
second trimester survivors of a vanished co-twin com-
pared with primary singletons. In addition there was a
significant inverse correlation between the gestational
age at onset of fetal demise and development of neuro-
logical sequelae.

Another Danish population-based cohort study on
9444 IVF/ICSI children revealed a 2.3-fold increased
risk of cerebral palsy in children, where the number of
children at delivery was smaller than the number of
embryos originally transferred compared with preg-
nancies with equal number of embryos transferred and
number of children at birth [27].

Studies on development and neurological function
in survivors of a vanished co-twin have appeared only
recently. In 2007 Anand and coworkers examined a
cohort of 324 children from 229 pregnancies recruited
between 1999 and 2001 at the Liverpool Women’s
Hospital. The authors tested development and neuro-
logical function using the Griffiths Mental and
Developmental Scales and Optimality score. A neuro-
logical examination was performed using an optimal-
ity score to exclude those with severe neurodisability.
Cerebral impairment was found in two children from
the vanishing twin group, two from the twin group
and none from the singleton group. When cases with
definite vanishing twin were considered there was a
significant difference between the vanishing twin and
singleton group (relative risk 6.1; 95% CI 1.5–8.3;
P = 0.03), but their sample size did not allow a very
robust conclusion [42]. The sub- and general quotient
scores in singletons and surviving co-twins of a van-
ishing twin did not differ significantly [43].

Pascalis et al. looked at the parent–child relation-
ship in families of 53 singleton births after the vanish-
ing twin syndrome compared with ART parents
following a singleton pregnancy with matching for
gestational age, maternal age, child’s age and child’s
gender [44].

The authors concluded that despite the perceived
motor difficulties and the difficulties in the process of
individuation-separation that appear at the beginning
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of the different educational circumstances, parents
of singletons following the “vanishing” twin syndrome
perceive their children as “invincible,” and thus less
vulnerable compared with controls.

In summary, long-term outcome after vanishing
twins is still poorly explored, but the present evidence
indicates an association between the risk of cerebral
palsy and the vanish of a co-twin. The literature on
development, neurological function and parent–child
relationship is too scarce to draw firm conclusions.

Conclusions
In recent years large population-based cohort studies
have made it evident that IVF singletons have poorer
obstetric outcome including perinatal deaths than SC
singletons [3–4,45]. The risk of congenital malforma-
tions is increased 1.4-fold [5,6] and cerebral palsy
increased two- to three-fold [7–9]. More explanations
have been proposed for the higher risk in the IVF
singleton offspring including the IVF procedures, the
subfertility per se and the number of gestational sacs/
fetuses in early pregnancy.

The IVF procedures involve ovarian stimulation
with its effect on the oocytes, the endometrium, the
luteal phase and the pregnancy, and the laboratory
procedures with different culture medias and micro-
invasive techniques. Studies have shown that children
after intrauterine insemination with ovarian stimula-
tion and IVF children have similar neonatal outcome
indicating that the ovarian stimulation significantly
influences the outcome [46,47]. Further, a recent
randomized study found that the proportion of
embryos with aneuploidy was lower in mild stimula-
tion cycles than in conventional IVF cycles indicating
an effect of the ovarian stimulation on the embryos
[48]. However, a large study on more than 32 000 IVF
singletons based on the German IVF register revealed
no effect of the dose and length of ovarian stimulation;
by contrast the duration of infertility and the number
of embryos transferred were significant predictors of
the singleton offspring [49].

This is not the moment to acquit the IVF proced-
ures of influence on the offspring as more knowledge
is warranted comparing children after conventional
IVF with appropriate control groups. On the other
hand it has been established that a part of the adverse
outcome is explained by the unfavorable character-
istics of the couples or the infertility per se, i.e. the
longer time to pregnancy the higher the risk of
prematurity, low birth weight, malformations and

neonatal deaths in the offspring [10–14]. The risk of
congenital malformations is also related simply to
subfertility [15].

As demonstrated in this chapter the vanishing twin
phenomenon and the processes of even very-early
pregnancy play a significant role for the IVF singleton
outcome. In a clinical frame with a double-embryo
transfer policy, vanishing twin pregnancies account
for about 10% of all singleton births. This high
frequency with the associated impaired short- and
long-term outcome in ART singletons adds another
firm argument for an elective single embryo transfer
(eSET) policy in ART.

According to the annual reports from the
European IVF Monitoring (EIM) Consortium modest
declines in the IVF twin birth rates have been
observed, from 25% in 2000 to 21.7% in 2004, with
large variations – from 5.6% in Sweden to more than
30% in some Eastern European countries [50]. One of
the big challenges in the coming years is to promote
the clear trend of declining twin birth rates by the
introduction of milder stimulation protocols and
transfer of fewer embryos and by encouraging national
political and funding initiatives towards eSET. Many
couples are still attached to the idea of twins, but
patient’s attitudes are also changing and once con-
fronted with the actual probabilities of specified peri-
natal complications associated with a twin pregnancy,
couples seem less keen to have them. Thus, the adop-
tion of eSET requires profound counseling, which
should include exact twin and vanishing twin risk
estimates, eSET pregnancy rates and information on
added cycles with cryopreserved embryos. IVF special-
ists themselves play the most vital role in this counsel-
ing process.
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Chapter

26 Late pregnancy loss
Roy G. Farquharson

Definition of late pregnancy loss
Late pregnancy loss (or second-trimester loss) is
defined as the loss of a pregnancy between 12 and
23 weeks’ gestation inclusive. The true incidence of
this complication is difficult to ascertain as no accurate
data collection has been published for this event.
Nonetheless most clinicians accept the incidence as
around 2–3% of pregnancies.

An important consideration is that an underlying
cause for late pregnancy loss (LPL) may be present
either in isolation in 40%, combined (as dual pathology)
in 10% or absent in 50% of cases despite comprehensive
investigation. Women who suffer late pregnancy loss
represent a heterogeneous group, displaying widely
varying presentation and etiology. In addition, the
assessment and exclusion of possible dual/triple path-
ology must always be considered in a woman with
repeated second-trimester miscarriage [1].

Investigation protocol
A standardized approach to the investigation of LPL
helps to exclude the possibility of dual pathology
and leads to uniformity in treatment analysis when
entry to trials is anticipated. In particular there is a
growing consensus for all failed pregnancies to have
full karyotyping performed, when possible, to
exclude the diagnosis of “treatment failure” when an
abnormal karyoype is discovered by comparative
genomic hybridization (CGH) array or fluorescent
in situ hybridization (FISH) spectrum analysis. A
typical investigation protocol is given in Figure 26.1.

Diagnosis
The clinical event history is vitally important in
ascertaining a possible cause (Figure 26.2). Maternal
thrombophilia may well be associated with intrauterine

death in the second trimester while cervical weakness
classically presents as silent cervical dilatation with
active fetal heart activity. The presence of bacterial
vaginosis (BV) can be associated with spontaneous
rupture of membranes in the presence of a closed cer-
vix. Cohort analysis of consecutive cases by cause is by
no means definitive due to referral bias but gives a
reasonable distribution of investigative audit
(Figure 26.3).

In clinical practice there is often no clear event
sequence that points to a definitive diagnostic cause.
In addition many women with repeated late losses
show a variety of presentations which should alert
the clinician to the possibility of dual pathology as
differing causal factors can predominate at different
gestations in different pregnancies within the same
individual.

Factors associated with late
pregnancy loss

Antiphospholipid antibody syndrome
Antiphospholipid antibody syndrome (APS) com-
prises the lupus anticoagulant (LA) and anticardioli-
pin antibodies (aCL). These are known to bind to
negatively charged phospholipids and are regarded
as markers of thrombosis [2]. Various theories exist
as to how they cause miscarriage: binding to platelet
membrane, activating release of thromboxane and
subsequent platelet aggregation and thrombosis;
binding to endothelial cells, inhibiting prostacyclin
production or involvement with other clotting
factors. It is likely that APS is a family of autoanti-
bodies. A high index of suspicion is needed in any
patient with an unexplained intrauterine death [3],
especially if associated with thrombocytopenia and
arterial or venous thromboses.
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Antiphospholipid antibody syndrome is associated
with pregnancy loss in any trimester. Early fetal
loss commonly occurs in the first trimester [4] while
others found that their patients with APS mostly lost
pregnancies in the second or early third trimester [5].

Prevalence rates for APS have been recorded in up to
42% of an LPL group [6]. As placental thrombosis
has been presumed to be the historical cause, the
mainstay of treatment has been the use of anti-
coagulants to provide thromboprophylaxis in the form
of either low-dose aspirin (LDA) with or without
unfractionated/low molecular weight heparin
(LMWH). Recent evidence supports the use of LDA
alone [7–9] while others support the use of combined
LDA/LMWH [10,11].

Cervical weakness
As stated by the Euro-Team Early Pregnancy
Protocol [12], there is no agreed definition of cervical
weakness by absolute measurable and reproducible
criteria. It is important that before cervical weakness
is confirmed, certain diagnostic criteria are applied
and other causes excluded, as resultant management
is invasive and carries a recurrence risk of an adverse
outcome.

Event Sequence with Main Cause

Present ? until
sac expulsion 

PRESENTClosedBacterial
Vaginosis

(BV)

ABSENT
= IUD
(Intrauterine death)

AbsentClosedMaternal
Thrombophilia
e.g.APS

PresentAbsent until
expulsion of
sac

OPENCervical
Weakness

FETAL 
HEART
ACTION 

LIQUOR
found PV

CERVIXEVENT
versus
FACTOR

Figure 26.2 Clinical history sequence.
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++DAY CASE HYSTEROSCOPY
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BACTERIAL VAGINOSIS

LATE PREGNANCY
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Figure 26.1 Investigation protocol for late pregnancy loss.

Chapter 26 Late pregnancy loss

278



A consensus definition that is frequently used
includes painless dilatation of the cervix followed by
ruptured membranes, resulting in second-trimester
miscarriage or extreme pre-term delivery. In the
non-pregnant state, the passage, without resistance,
of a size 9 Hegar dilator through the cervix acts as a
surrogate measure. A recent definition for entry into
a randomized controlled trial (RCT) includes the ini-
tial painless, progressive dilatation of the uterine
cervix, where pre-term delivery seems inevitable with-
out interference. The diagnosis is made in the absence
of other causes of pre-term delivery such as uterine
anomaly, fibroids or infection (vide infra) and where
only singleton pregnancies are included [13]. As was
written as the premise for another RCT, “the overuse
of prophylactic cerclage is a manifestation of our
inability to diagnose cervical incompetence with any
degree of reliability on the basis of historical criteria
alone” [14]. More recently, this message that “prophy-
lactic and reactive interventions remain largely
unevaluated or ineffective” has been emphasized [15].

Bacterial vaginosis
The role of infection in the etiology of miscarriage
appears to be in the second trimester rather than the
first [16]. Bacterial vaginosis (BV) is known to con-
tribute to late fetal loss [17]. The most sensitive and

specific method to diagnose BV is by examining a
Gram stain of a vaginal smear for clue cells. Ideally
this should be done in the first quarter of the men-
strual cycle when levels are highest. A positive diag-
nosis should be treated with intra-vaginal
clindamycin, or alternatively with a combination of
oral erythromycin and metronidazole [18]. Antibiotic
treatment can eradicate bacterial vaginosis in preg-
nancy and treatment introduced before 20 weeks’
gestation may reduce the risk of pre-term birth [19].
With regard to late pregnancy loss there is RCT
evidence of benefit in reducing mid-trimester loss in
a BV population [20]. The recent publication of the
long-term outcome of the ORACLE II study suggests
that the erythromycin in pregnancy should be used
with caution in view of an observed increase in cases
of cerebral palsy in the offspring of erythromycin
users in pregnancy [21].

Uterine anomaly
The urogenital system develops from a common meso-
dermal ridge (intermediate mesoderm) along the
posterior wall of the abdominal cavity and initially,
the excretory ducts of both systems enter a common
cavity, the cloaca. Duplication of the uterus results
from a lack of fusion of the paramesonephric ducts,
in a localized area or throughout the length of the

Idiopathic
(50%)

Antiphospholipid
syndrome
(33%)

Cervical
Weakness (8%)

Uterine anomaly 
(4%)

Bacterial
Vaginosis (3%) 

Hypothyroid
(2%) 

Mid trimester Loss (n = 351)

Figure 26.3 Distribution of cause in 351 consecutive cases of midtrimester loss at Liverpool Women’s Hospital.
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ducts. In its extreme form, the uterus is entirely
double (uterus didelphys); in the least severe form,
it is only slightly indented in the middle (uterus
arcuatus) [22].

In 1931, Smith reported one case of double uterus
for every 7040 consecutive obstetric patients in
New York from 1899 to 1924 [23]. Having taken an
interest in the finding, Smith’s detection rate for years
1925 to 1930 increased the reported incidence by
five times. Harger et al. reported an incidence of
27% of uterine anomalies in their data set of late
miscarriage patients [24]. Miscarriage can occur
where there is only limited uterine space available, at
a point when the semi-uterus is unable to expand
further [25] or when implantation occurs into an
avascular septum [26]. A recent literature appraisal
of congenital uterine anomalies in recurring mis-
carriage (first and second trimester losses) suggests a
high prevalence of 16.7% (95% CI, 14.8–18.6).
However this includes the mildest form of arcuate
uterus as well as septate uterus so a clear consensus
in this area remains elusive [27].

Mode of diagnosis for uterine anomalies has
evolved with time. In the past, hysterosalpingography
was the mainstay of investigation, but it is painful
and is limited by a two-dimensional image. Pelvic
ultrasound is highly specific for uterine anomaly
and is non-invasive and may be suitable for screening
purposes [28]. Magnetic resonance imaging (MRI)
has been proposed for the same reason, though is
much more expensive [29]. Hysteroscopy is now
widely used for directly visualizing septal defects
and intrauterine synechiae, which can be combined
with laparoscopy to assess fundal dimpling.

Management

Cervical cerclage
Treatment of cervical weakness is aimed at strength-
ening the internal os in order to maintain the
pregnancy. Emmett described the first elective recon-
struction of the non-pregnant cervix in 1874 [30].
This technique involved a V-shaped incision to
remove the scar from a cervix damaged by obstetric
trauma. The surfaces were then apposed with silver
wire sutures.

In the twentieth century, Shirodkar [31] and
McDonald [32] described the two classical techniques
of vaginal cervical cerclage. In Shirodkar’s technique,
the bladder is reflected to enable a suture to be placed

as close to the internal cervical os as possible per
vaginum. Bladder reflection is not required for
McDonald’s described technique.

Trial results
Although there are no comparative studies, the suc-
cess rate for both types of vaginal suture is similar.
The MRC/RCOG trial on cervical cerclage [33]
studied more than 1200 patients and concluded that
cerclage is beneficial to patients with three or more
pregnancies ending before 37 weeks’ gestation (mid-
trimester losses). Cerclage was also associated with a
higher rate of medical intervention, puerperal pyrexia,
use of B-sympathomimetics, hospital admissions,
induction of labor and cesarean section. More
recently, a treatment intervention trial randomly
assigned 61 women to either cervical cerclage or no
cerclage on presentation with ultrasonographically
detected second-trimester pre-term dilatation of the
internal os. The study was unable to demonstrate an
improved perinatal outcome with cerclage [14]. They
proposed a hypothesis that ultrasonographic dilata-
tion of the internal os, prolapse of the membranes
into the endocervical canal and shortening of the
distal cervix during the second trimester share a final
common pathway of multiple pathophysiological
processes, such as infection, immunologically medi-
ated inflammatory stimuli and subclinical abruptio
placentae.

At a similar time, the preliminary results of theDutch
CIPRACT treatment trial (Cervical Incompetence
Prevention Randomized Cerclage Trial) showed no
significant differences between the prophylactic cerc-
lage group and the observational group in terms of
pre-term delivery rate 34 weeks’ gestation and the
neonatal survival rate. In this study, patients were
initially randomized to cerclage or no cerclage using
ultrasound determination of cervical length measure-
ment. If, in the no cerclage arm, the cervical length
decreased to <25mm, the 35 eligible women under-
went a second randomization to either cerclage and
bed rest or simply bed rest. Interim results indicated
that transvaginal ultrasonographic follow-up examin-
ation of the cervix can save the majority of women
from unnecessary intervention [34]. The final results
showed that therapeutic cerclage with bed rest reduces
pre-term delivery before 34 weeks’ gestation and
compound neonatal morbidity but showed no statis-
tically significant difference in neonatal survival
between the two groups [13]. By contrast, screening
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for short cervical length (<15mm, n=470) in a low
risk population (n=47 123) followed by observation
or cervical cerclage failed to reduce pre-term delivery
rate before 34 weeks (22% in cerclage versus 26% in
observation group, RR=0.84, 95% CI 0.54–1.31,
P=0.44) [35].

When vaginal cerclage fails
When cervical cerclage became widely used for the
treatment of mid-trimester loss, it became apparent
that there was a small sub-group of patients for whom
the vaginal approach was inappropriate. This group
included those patients in whom the cervix was
extremely short or absent secondary to a surgical pro-
cedure such as cone biopsy or congenitally deformed
as a result of exposure to stilbestrol in-utero. In
addition, those patients whose cervices were markedly
scarred or lacerated as a consequence of obstetric
trauma or as a result of previously failed vaginal
cerclage also fell within this group. Local data at
Liverpool Women’s Hospital (2001–2008) shows that
there is a 25% failure rate for elective vaginal cerclage
used with mid-trimester loss history associated with
cervical weakness (Table 26.1). Mid-trimester loss
with previous failed elective cervical vaginal suture
comprises the majority of patients requiring abdom-
inal cerclage in our unit.

Transabdominal cervical cerclage
In developing an abdominal approach, Benson and
Durfee [36] uniquely reasoned that “if cervical cerc-
lage during gestation is indicated but the vaginal

approach is impossible, why not accomplish constric-
tion from above?”

Protocol and technique
The first abdominal procedures, as described by
Benson and Durfee in 1965 [36], were performed
between 14 and 24 weeks’ gestation. At this gestation,
a midline incision was used to improve access to the
cervical region. Dissection involved opening the broad
ligament and mobilization of the uterine vessels to
identify an avascular space through which to pass a
5mm Mersilene tape. Several series have been
published since 1965 (Table 3) and modifications in
timing of the operation, surgical technique, post-
operative management and patient selection have
been reported to decrease the morbidity (especially
hemorrhage) reported with earlier series and secondly,
to avoid the necessity for a midline scar.

Patient selection
Following a second-trimester miscarriage, a detailed
history and investigation was undertaken as
described above (Figures 26.1 and 26.2). Following
analysis and counseling, those patients with diag-
nosed cervical weakness were offered transabdominal
cerclage when they had a failed, elective vaginal cerc-
lage history or where the cervix was so severely
damaged that vaginal cerclage was considered impos-
sible. Preconceptual interview required full disclosure
and considerable explanation regarding risks of fail-
ure, complications of insertion following previous
surgery e.g. classical CS delivery, hourglass constric-
tion of cervix and adjacent major vessels, bowel or
bladder damage and the need for two major opera-
tions. All these factors need to be addressed, ideally
by a second counseling interview when consent can
be obtained. The patient has by then received all the
relevant information before conception and in
knowledge that abdominal cerclage should be seen
as a last resort.

The procedure
Laparotomy for insertion of a transabdominal cerclage
is performed between 9 and 13 weeks. Fetal viability
is confirmed by scan prior to the procedure.

The procedure is performed under general anes-
thesia. The bladder is emptied and the catheter left
in situ during the procedure. In our experience we
have found that packing the vagina before laparotomy

Table 26.1 Comparison of vaginal and abdominal procedures for
treatment of cervical weakness for late pregnancy loss based on
local data from Liverpool Women’s Hospital (2001–2008).

Vaginal Abdominal

Success
rate

75% 90%

Insertion 12 weeks’
gestation

10 weeks’ gestation or pre-
conceptual with less morbidity

Morbidity Minimal Hemorrhage trauma to bladder/
bowel

Long
term

Removal at
36 weeks

Permanent

Delivery Option of
vaginal

Mandatory cesarean section
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can elevate the uterus with improved access to the
cervico-isthmic region.

The patient is placed in Trendelenburg position. A
low transverse abdominal incision is made and packs
used to keep bowel away from the operative field.

The peritoneum of the uterovesical fold is incised
transversely in the midline. Often it is not necessary to
reflect the bladder inferiorly as the bladder reflection
(uterovesical fold) lies at the level of the isthmus. The
uterine vessels and isthmus are identified digitally.

Double-stranded 2 gauge nylon suture (Ethicon,
UK) is mounted onto a loose 40mm round-bodied
Mayo needle. The isthmus is grasped between the
thumb and forefinger to stabilize the uterus. The
suture is inserted postero-anteriorly through the win-
dow between the substance of the cervix lateral to the
canal but medial to the vessels, at the level of the
uterine isthmus above the insertion of the utero-sacral
ligaments. The needle is remounted and the procedure
repeated again postero-anteriorly on the opposite side
(Figure 26.4). The knot is tied anteriorly and covered
by a loose peritoneal fold and the abdomen closed.

There were no cases of severe hemorrhage requir-
ing blood transfusion in our series although several
cases required the knot to be tightly closed to achieve
adequate hemostasis in the presence of heavy bleeding
[37]. One case of bladder damage and one case of
bowel trauma were encountered at operation and
treated at the time with good outcome for the patient
and pregnancy.

A single dose of intra-operative antibiotics are given.
Non-steroidal anti-inflammatory agents (Diclofenac

sodium suppositories 100mg) may be prescribed
for pain relief and uterine quiescence over the follow-
ing 72 hours. Pre-operative thromboprophylaxis
was recommenced on the first post-operative day
using dalteparin 5000 units SC daily and LDA 75mg
PO daily.

Women remained in hospital for 5–7 days and fetal
viability was confirmed on scan prior to discharge.
Antenatal surveillance included fetal anatomy scan at
20 weeks and serial fetal growth scans. In addition,
transvaginal ultrasound of cervical length measure-
ment did not seem to change over trimesters after
serial monitoring was commenced at 16 weeks.

Adjuvant treatment was continued for co-
existing pathologies, for example LDA with or with-
out LMWH; clindamycin cream for bacterial vagi-
nosis. Prophylactic antenatal steroid treatment was
prescribed once only at 24 weeks’ gestation where
dual pathology was present and the mother con-
sented to the administration. The use of prophylac-
tic bed rest was not used. Pregnancies progressing
beyond viability were delivered by cesarean section,
and the transabdominal cerclage suture was left in
place if the woman wished to consider another
pregnancy.

Results of transabdominal cerclage
Of 40 patients who underwent transabdominal cervi-
cal cerclage, 36 have resulted in a successful outcome
(defined as a live birth and take-home baby), and four
resulted in mid-trimester loss or extreme pre-term

Uterine vessels

Knot

Double-stranded
nylon suture

Uterosacral
ligaments

Figure 26.4 Transabdominal cerclage
technique.
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delivery and neonatal death. The success rate is 90%
(Table 26.2).

Seven pregnancies ended prior to 30 weeks gesta-
tion. The recorded failures showed a mixed pattern of
presentation. One spontaneously miscarried at 12
weeks’ gestation associated with APS. A second had
spontaneous rupture of the membranes at 17 weeks
associated with BV followed by chorioamnionitis and
intrauterine death, requiring hysterotomy followed by
severe maternal infection. Three pregnancies were
delivered by cesarean section at 23, 24 and 25 weeks
following pre-term rupture of the membranes and/or
extreme pre-term labor. The infants all died at less
than 3 days of age from acute pulmonary hemorrhage
and extreme prematurity. Two further deliveries
occurred before 30 weeks, progressing to 27 and 29
weeks respectively and both infants subsequently did
well. All babies born after 30 weeks did well after
delivery.

As 50% of pregnancies progressed to near term,
we looked at the presence of other pathologies found
on initial screening at the miscarriage clinic
(Table 26.2). This demonstrated that 44% (18/40)
of delivered patients had pathology in conjunction
with the cervical weakness and that the presence of
more than one pathology increased the risk of pre-
term delivery. In the four patients with two path-
ologies as well as cervical weakness, 3 delivered prior
to 30 weeks and only one of these survived, which
emphasizes the importance of coexisting pathology
and its detrimental effect. The presence of dual
pathology, such as APS or BV, increased the pre-
term delivery rate by more than twice (RR 2.34, 95%
CI 1.11–5.58).

The role of transabdominal cerclage
There is little doubt that transabdominal cerclage is
an effective surgical technique in reducing fetal

loss in a highly selective group of patients with true
cervical weakness and/or a past history of failed elect-
ive vaginal cerclage [38]. Examination of published
series fails to highlight the co-existence of further
pathology especially the presence of thrombophilia
and clearly demonstrates the lack of standardization
and conformity with important pre-conceptual inves-
tigations (Table 26.3).

The data from Liverpool suggest that the presence
of co-existing pathology increases the risk of pre-term
delivery which increases considerably when there are
two or more co-existing pathologies. It is important
that women are aware of this confounding variable, as
the patient will require laparotomy to insert the suture,
and abdominal delivery irrespective of gestation.

The presence of co-existing pathology in nearly
50% of patients stresses the need for a full pre-
conceptual screen in all patients with cervical weakness
to look for dual pathology that can be treated. The
commonest co-factor was antiphospholipid syndrome
found in 33% of cases. All were treated with LDA
with or without LMWH [8,9]. Bacterial vaginosis was
treated with oral erythromycin (subsequently sus-
pended following the ORACLE 2 publication in
2008) throughout pregnancy (14 to 32 weeks) com-
bined with a week-long course of Clindamycin cream
PV every month. Two cases of uterine anomaly were
untreated by surgery and both had a successful
outcome.

There is no study comparing insertion of trans-
abdominal cervical cerclage during pregnancy with
insertion pre-pregnancy. In the non-pregnant state,
more manipulation of the tissues is possible as
well as improved access. To counterbalance this
advantage, there is the problem of early pregnancy
loss before 10 weeks’ gestation where spontaneous
miscarriage may allow the suture to tear through the
substance of the pregnant cervix. In addition fetal loss
rates are higher in the presence of the commonest

Table 26.2 Outcome after Transabdominal Cerclage (n = 40).

The presence of dual pathology, such as APS or BV, is associated with increased pre-term delivery before 34 weeks (RR 2.34, 95% CI 1.15–5.58)
(BJOG, 2005, 112, 1424–26)

Dual pathology <22 23–24 25–29 30–33 >34 weeks

Absent (n=22) 0 0 0 4 18

Present (n=18) 2 2 3 4 7

APS (N=11) 1 1 1 2 6

BV (n=7) 1 1 2 2 1
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thrombophilia, antiphospholipid syndrome, where
suction evacuation may pose a considerable threat to
the integrity of a pre-conceptual abdominal cerclage.
An ongoing observational study in Liverpool of con-
secutive cases undergoing pre-conceptual insertion
of transabdominal cerclage has now accumulated
over 40 cases with good outcome so far.

Pre-conceptual transabdominal cerclage was per-
formed in two of the first 40 cases. One patient was
homozygous for factor V Leiden and at high risk of
thrombosis having suffered two previous episodes of
venous thromboembolic disease. The second patient
had labored at 25 weeks after insertion of her first
transabdominal cerclage, and had an emergency clas-
sical cesarean section when the suture was removed
and subsequent access to the lower segment was poor.
Both cases had a successful outcome in subsequent
pregnancies.

There are case reports describing insertion and
removal of transabdominal cerclage laparoscopically
[38,39]; there is at yet no series published using the
laparoscopic approach.

Clinical experience with transabdominal cerclage
for recurring late pregnancy loss is limited in the UK
to a few centers [40–43]. Selection criteria vary between
centers and often include patients with pre-term
delivery histories and bad outcome as well as classical
mid-trimester loss due to true cervical weakness.

There are as yet no randomized trials comparing
the use of transabdominal cerclage with the transvagi-
nal approach. A highly selective retrospective study
[44] looked at the outcome of a group of patients
who had previous failed vaginal cerclage who were
assigned either repeat vaginal cerclage or transabdom-
inal cerclage. Assignment to either group was at
the discretion of the authors and no randomization
occurred. They found that delivery <35 weeks
occurred significantly less frequently in the transabdom-
inal group (18% vs 42%) and that pre-term prema-
ture rupture of the membranes also occurred less
commonly (8% vs 29%). Extrapolation from these
data should be viewed with caution as no prospective
analysis has been made available and a number of
performed cases were excluded from the report.

It is unlikely that an RCT will be feasible;
women referred for this procedure often perceive it
as their last chance and are unlikely to accept ran-
domization. We are also looking at a small number
of patients and the possibility of recruiting sufficient
numbers to satisfy a credible power calculation is
unlikely.

A recent systematic review [45] stated that trans-
abdominal cervical cerclage may be associated with a
lower risk of perinatal death or delivery at less than
24 weeks gestation, but it may also be associated with
a higher risk of operative complications. The authors

Table 26.3 Investigation protocols of recent cerclage studies.

Author &
Year

Number
of
patients

Pre-
conceptual
hysteroscopy

Antiphospho-
lipid
syndrome
testing

Bacterial vaginosis
or infection tested
or treated

TVU of
CLM +/-
Funneling

Davis et al.
(2000)

40 TAC 4 Mullerian
anomalies

NO NO NO Failed
vaginal
cerclage

Rust et al.
(2000)

61 RCT of
TVC v. TLC

NO YES BV & AFV Sample Inclusion
criteria at
16–24/40

Previous
PTD

Althuisius
et al. (2000)

67 RCT of
TVC v. TLC

No No Yes Inclusion
criteria

Previous
PTD

Gibb et al.
(1998)

50 No No Yes No Failed
TVC
Absent
Cx

Farquharson
et al. (2005)

40 TAC Yes Yes Yes Yes Failed
vaginal
cerclage
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clearly identified a need for a multicenter, randomized
controlled trial to address the question.

Although a prospective RCT of elective transabdom-
inal cervical cerclage versus transvaginal cerclage is
appealing as a route to evidence-based practice, the
numbers of available participants for randomization
is small. Added to which many potential recruits are
understandably anxious about being randomized to
a previous failed treatment arm. There are several
pitfalls to a well-designed and robust RCT so the
appearance of the multicenter UK trial (MAVRIC) is
a welcome addition in attempting to answer a difficult
question as to the most appropriate path of treatment
intervention where cervical weakness is the major
pathology of LPL. An ongoing observational study
in Liverpool of consecutive cases undergoing pre-
conceptual insertion of TAC has now accumulated
over 40 cases with good outcome so far.

The following criteria are examples of important
pre-conceptual findings after extensive history taking,
event sequence analysis and full investigation protocol
compliance.

Inclusion criteria
(1) A failed elective vaginal cerclage for the treatment

of cervical weakness causing mid-trimester loss.
(2) Completion of full investigation protocol for

mid-trimester loss.
(3) Viable singleton pregnancy.
(4) Cervical length measurement of more than 20mm

on transvaginal ultrasound.

Exclusion criteria
(1) Multiple pregnancy.
(2) Untreated co-existing cause of recurring

miscarriage.
(3) Violation of pre-conceptual investigation protocol.
(4) Unwillingness to undergo randomization of

treatment.
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