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reface

Reproductive medicine is one of the most rapidly escalating branches of biological
sciences. Every day we are expecting a breakthrough in the diagnosis and treatment. We are,
as practitioners, obliged to follow intimately this colossal progress. Nevertheless, despite of
these advances there are still very contentious issues around which there are ceaseless
debates. As a part of our commitments, as colleagues, we should share our knowledge to be,
together, up to date with all new advances in the speciality. We are strongly motivated
towards the interaction with our colleagues. We hope that this free periodical will be a good
quality conduit for communication and liason to carve up our information and hand in hand

go up with our practice.v

Editorial board

June 2008
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ditor’s corner

Recurrent miscarriage: new horizons

Recurrent miscarriage (RM) is traditionally defined as three or more consecutive miscar-
riages occurring before 20 weeks post-menstruation. Around 1% of fertile couples will expe-
rience recurrent early pregnancy losses. The risk of recurrence increases with the maternal
age and number of successive losses. The prognosis is not better for couples with prior live
birth. Thus, the number of previous miscarriages and maternal age are the most important
covariates, and they have to be taken into account when planning therapeutic trials. The
ideal trial should have stratification for the number of previous miscarriages and maternal
age, with randomization between control and experimental treatments, within each stratum

as recently recommended.

Recurrent miscarriage has been directly associated with parental chromosomal anomalies,
maternal thrombophilic disorders and structural uterine anomalies and indirectly with ma-
ternal immune dysfunction and endocrine abnormalities. However, as the majority of RM
cases following investigation are classified as idiopathic, that is, no identifiable cause in ei-
ther partner, it is generally 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 considerable debate about the cause and association,
as the exact pathophysiological mechanisms of most known etiologies have not been pre-
cisely elucidated. Current research is directed at theories on defects in nature’s quality con-
trol related to implantation, trophoblast invasion and placentation, as well as factors, which
may be embryopathic. Most women with recurrent pregnancy loss probably have several

risk factors for miscarriage.

Although benefits have been reported for a variety of endocrinologic and immunologic
treatment, many therapeutic approaches remain controversial, mainly because of wide vari-
ations in patient-selection criteria and treatment protocols. The small sizes of most individu-
al studies, poor stratification bias and matching of cases and controls have limited the trans-
lation of results into clinical practice. New randomized controlled trials (RCTs) and meta-
analyses have recently been published in the international literature. This has prompted us

to introduce to you views of different authorities such as the Royal College of Obstetricians
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& Gynaecologists (RCOG) and the American Society of reproductive Medicine (ASRM) as re-
gards the problem. We tried to look again to the actual role of progesterone, the most fre-
quently used drug in this context, in prevention of RM. We will continue in the next issue to
present the view of European Association of Human Reproduction and Embryology (ESHRE)

and investigate another commonly used drug, heparin, in preventing RM.

Ahmed Badawy MD MRCOG
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asic concepts

Definitions of infertility and recurrent pregnancy loss

According to the Practice Committee of the American Society for Reproductive Medicine (2008),
infertility is a disease defined by the failure to achieve pregnancy after 12 months or more of
regular unprotected intercourse. Earlier evaluation and treatment may be justified based on medical

history and physical findings and is warranted after 6 months for women over age 35 years.

Recurrent pregnancy loss is a disease distinct from infertility, defined by two or more
failed pregnancies. When the cause is unknown, each pregnancy loss merits careful review to
determine whether specific evaluation may be appropriate. After three or more losses, a
thorough evaluation is warranted. For purposes of determining when evaluation and treat-
ment for infertility or for recurrent pregnancy loss is appropriate, pregnancy is defined as a

clinical pregnancy documented by ultrasonography or histopathologic examination.

Both fetal and maternal factors are involved in the pathophysiology of RM. Fetal underlying
mechanisms include genetic or developmental abnormalities, while uterine pathology, endo-
crine dysfunction, anti-phospholipid syndrome and thrombophilic disorders have been iden-

tified as maternal factors.

In 50% of the cases neither of the above can be identified, however, since the frequency of nor-
mal embryonic karyotypes significantly increases with the number of previous miscarriages, the
higher the number of previous miscarriages, the more likely that the failure is due to constant
maternal and not to accidentally occurring fetal factors. Concerning the underlying pathology,
primary and secondary miscarriages might form two distinct categories, also suggested by their
different responsiveness to therapy, and although disputed the prognosis has been reported to

be better for secondary than for primary recurrent aborters.

The prognosis of RM depends on multiple factors. The risk of recurrence increases with the
number of successive losses. Twenty five to thirty per cent of women with three successive
pre-embryonic or embryonic losses experience miscarriage in their next pregnancy. Maternal

age is also a risk factor, irrespective of reproductive history.
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5. Immune factors

e Antithyroid antibodies

Routine screening for thyroid antibodies in women with recurrent miscarriage

is not recommended. Grade B

A case—control study has shown that women with recurrent miscarriages are no more likely
than fertile controls to have circulating thyroid antibodies. A prospective study has shown

that the presence of thyroid antibodies in euthyroid women with a history of recurrent mis-

carriage does not affect future pregnancy outcome. Evidence level I

e Antiphospholipid syndrome

Primary antiphospholipid syndrome (APS) refers to the association between antiphospholipid
antibodies (aPL) and a adverse pregnancy outcome or vascular thrombosis. Adverse pregnan-
cy outcomes include (a) three or more consecutive miscarriages before ten weeks of gesta-
tion, (b) one or more morphologically normal fetal deaths after the tenth week of gestation
and (c) one or more preterm births before the 34 week of gestation due to severe pre-
eclampsia, eclampsia or placental insufficiency. Where APS exists in chronic inflammatory

disorders, such as systemic lupus erythematosus, it is referred as secondary APS.

The mechanisms by which aPL causes pregnancy morbidity include inhibition of trophoblastic

function and differentiation and, in later pregnancy, thrombosis of the uteroplacental vasculature.

To diagnose APS it is mandatory that the patient should have two positive tests

at least six weeks apart for either lupus anticoagulant or anticardiolipin (aCl)
antibodies of IgG and/or IgM class present in medium or high titre. Grade C

In detection of lupus anticoagulant, the dilute Russell’s viper venom time (dRVVT) test is more
sensitive and specific than either the activated partial thromboplastin time (aPTT) or the kao-
lin clotting time (KCL) tests. Anticardiolipin antibodies are detected using a standardised en-
zyme-linked immunosorbent assay (ELISA). The detection of aPL is subject to considerable
inter-laboratory variation. This is due to temporal fluctuation of aPL titres in individual pa-
tients,transient positivity secondary to infections, suboptimal sample collection and prepara-

tion and lack of standardisation of laboratory tests for their detection.
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Antiphospholipid antibodies are present in 15% of women with recurrent miscarriage. By
comparison, the prevalence of aPL in women with a low risk obstetric history is less than 2%.
In women with recurrent miscarriage associated with aPL, the live birth rate in pregnancies

with no pharmacological intervention may be as low as 10%

Currently there is no reliable evidence to show that steroids improve the live
birth rate of women with recurrent miscarriage associated with aPL when

compared with other treatment modalities; their use may provoke significant
maternal and fetal morbidity. Grade A

Two small randomised controlled trials have reported that treating women who suffer recur-
rent miscarriage associated with aPL with steroid therapy during pregnancy does not improve

the live birth rate when compared with aspirin or aspirin plus heparin. Steroid therapy is as-

sociated with significant maternal and fetal morbidity. Evidence level Ib

In women with a history of recurrent miscarriage and aPL, future live birth
rate is significantly improved when a combination therapy of aspirin plus he-

parin is prescribed. Grade A

A randomised controlled trial showed that the live birth rate of women with recurrent mis-
carriage associated with aPL treated with low-dose aspirin only is 40% and this is significantly

improved to 70% when they are treated with low-dose aspirin in combination with low-dose

heparin. Evidence level Ib

A meta-analysis of two controlled trials concluded that, in women with a history of recurrent miscar-
riage associated with aPL, treatment with low-dose heparin plus low-dose aspirin significantly re-

duced the pregnancy losses by 54% when compared with aspirin alone. However, these trials do not

exclude the possibility of placebo effect from heparin treatment. Evidence level la

The same meta-analysis examined the role of aspirin alone compared with placebo or sup-
portive care and found no significant benefit (three trials). A recent randomised controlled
trial reported a high success rate with aspirin alone and no significant benefit in live birth rate
with the addition of heparin. However, this study included women with low titres of aPL,

some of whom were randomized at up to 12 weeks of gestation, by which time most of aPL-

related pregnancy losses would have already occurred. Evidence level Ib
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Pregnancies associated with aPL treated with aspirin and heparin remain at

high risk of complications during all three trimesters. Grade B

Although aspirin plus heparin treatment substantially improves the live birth rate of women
with recurrent miscarriage associated with aPL, these pregnancies remain at high risk of com-
plications during the three trimesters including repeated miscarriage, pre-eclampsia, fetal
growth restriction and preterm birth, necessitating careful antenatal surveillance. Osteopenia
and vertebral bone fracture are the major concern of long-term heparin therapy. Two pros-
pective studies have shown that the loss in bone mineral density at the lumbar spine asso-

ciated with low-dose long-term heparin therapy is similar to that which occurs physiologically

during pregnancy. Evidence level

e Alloimmune factors

Immunotherapy, including paternal cell immunisation, third-party donor leu-
cocytes, trophoblast membranes and intravenous immunoglobulin (IVIG), in

women with previous unexplained recurrent miscarriage does not improve the
live birth rate. Grade A

There is no clear evidence to support the hypothesis that HLA incompatibility between
couples, the absence of maternal leucocytotoxic antibodies or the absence of maternal block-
ing antibodies are related to recurrent miscarriage. The role of endometrial immunity in
recurrent early pregnancy loss is currently under investigation. It has been suggested that
immune effector cell dysfunction (defects in the immunosuppressive factors, cytokines and
growth factors at the local maternofetal interface) may be implicated in the pathogenesis of

implantation failure and recurrent early pregnancy loss. However, this is a research field and

the association and methods of treatment require further clarification. Evidence level la

A Cochrane systematic review of 18 randomised controlled trials has shown that the use of
various forms of immunotherapy, including paternal cell immunisation, third-party donor leu-
cocytes, trophoblast membranes and IVIG, in women with unexplained recurrent miscarriage
provides no significant beneficial effect over placebo in preventing further miscarriage.
Another meta-analysis indicated that IVIG treatment does not improve the live birth rate in
women with unexplained recurrent miscarriage. Moreover, immunotherapy is expensive and

has potentially serious adverse effects including transfusion reaction, anaphylactic shock and
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hepatitis. The use of immunotherapy should no longer be offered to women with unex-

plained recurrent miscarriage and routine tests for HLA type and anti-paternal cytotoxic anti-

body should be abandoned. Evidence level la

The USA Food and Drug Administration has recently issued a statement to clinicians that administra-

tion of such cells or cellular products in humans can only be performed by a licensed clinical re-

searcher holding a currently approved Investigational New Drug application. Evidence level |a

6. Infective agents

TORCH (toxoplasmosis, other [congenital syphilis and viruses], rubella, cyto-
megalo-virus and herpes simplex virus) screening is unhelpful in the investiga-

tion of recurrent miscarriage. Grade C

Any severe infection that leads to bacteraemia or viraemia can cause sporadic miscarriage.
The role of infection in recurrent miscarriage is unclear. For an infective agent to be impli-
cated in the aetiology of repeated pregnancy loss, it must be capable of persisting in the ge-
nital tract and avoiding detection or must cause insufficient symptoms to disturb the

women. Toxoplasmosis, rubella, cytomegalovirus, herpes and listeria infections do not fulfil

these criteria and routine TORCH screening should be abandoned. Evidence level lll

Screening for and treatment of bacterial vaginosis in early pregnancy among
high risk women with a previous history of second-trimester miscarriage or

spontaneous preterm labour may reduce the risk of recurrent late loss and
preterm birth. Grade A

The presence of bacterial vaginosis in the first trimester of pregnancy has been reported as a
risk factor for second-trimester miscarriage and preterm delivery but the evidence for an asso-
ciation with first-trimester miscarriage is inconsistent. A Cochrane systematic review of five
randomised controlled trials and a further three randomised placebo-controlled trials have all
shown that there is no benefit in screening and treating all pregnant women for bacterial vagi-
nosis in order to prevent preterm birth and its consequences. However, the Cochrane review
has shown that for women with a history of previous preterm birth, detection and treatment

of bacterial vaginosis early in pregnancy may prevent a further preterm birth. Whether this

treatment improves neonatal outcome is unclear at present. Evidence level la
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7. Inherited thrombophilic defects

Inherited thrombophilic defects, including activated protein C resistance (most commonly due to factor
V Leiden gene mutation), deficiencies of protein C/S and antithrombin lll, hyperhomocysteinaemia and

prothrombin gene mutation, are established causes of systemic thrombosis.

Retrospective studies have suggested an association between inherited thrombophilic defects and
fetal loss and late pregnancy complications, with a presumed mechanism being thrombosis of ute-
roplacental circulation. However, prospective data are scarce. One small study found that the six
hereditary thrombophilias have no effects on the live birth rate of women with recurrent miscar-
riage. By contrast, another small prospective study has demonstrated that women with recurrent
miscarriage who carry the factor V Leiden(FVL)mutation are at significantly increased risk of miscar-
riage, compared to those with a normal factor V genotype. However, carriage of the FVL mutation
did not preclude an uncomplicated pregnancy delivered at term. Currently there is no test that can
reliably discriminate those women with recurrent miscarriage and FVL mutation who are destined to

miscarry from those who are destined to have a successful pregnancy.

The efficacy of thromboprophylaxis during pregnancy in women with recurrent miscarriage who
have inherited thrombophilic defects, but who are otherwise asymptomatic, has not been as-
sessed in prospective randomised controlled trials. Three uncontrolled studies have sug-
gested that heparin therapy may improve the live birth rate for these women. Recruitment to a
randomized controlled trial of thromboprophylaxis as so far proven to be difficult, owing to the
low prevalence of FVL mutation in women with recurrent miscarriage. In the absence of a rando-
mised trial, the poor pregnancy outcome associated with FVL mutation, coupled with the maternal
risks during pregnancy, may justify routine screening for FVL and offering thromboprophylaxis for

those with FVL mutation and evidence of placental thrombosis.

8. Unexplained recurrent miscarriage

Women with unexplained recurrent miscarriage have an excellent prognosis
for future pregnancy outcome without pharmacological intervention if of-

fered supportive care alone in the setting of a dedicated early pregnancy as-
sessment unit. Grade C

A significant proportion of cases of recurrent miscarriage remain unexplained, despite de-
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tailed investigation. These women can be reassured that the prognosis for a successful future
pregnancy with supportive care alone is in the region of 75%. However, the prognosis wor-
sens with increasing maternal age and the number of previous miscarriages. The value of psy-
chological support in improving pregnancy outcome has not been tested in the form of a ran-
domised controlled trial. However, data from several non-randomised studies have suggested
that attendance at a dedicated early pregnancy clinic has a beneficial effect, although the
mechanism is unclear. These data suggest that the use of empirical treatment in women with
unexplained recurrent miscarriage is unnecessary and should be resisted. Further, clinical
evaluation of future treatments for recurrent miscarriage should only be performed in the

context of randomised trials that are suitably matched and corrected to exclude fetal chro-

mosomal aberrations. Evidence level IV
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Classification of evidence levels

la Evidence obtained from meta-analysis of randomised controlled trials.

Ib Evidence obtained from at least one randomised controlled trial.

lla Evidence obtained from at least one well-designed controlled study without
randomisation.

lb Evidence obtained from at least one other type of well-designed quasi-

experimental study.

I Evidence obtained from well-designed non-experimental descriptive studies,
such as comparative studies, correlation studies and case studies.

vV Evidence obtained from expert committee reports or opinions and/or clinical
experience of respected authorities.

Grades of recommendations

A Requires at least one randomised controlled trial as part of a body of
literature of overall good quality and consistency addressing the  specific
recommendation. (Evidence levels la, Ib)

B Requires the availability of well controlled clinical studies but no randomised
clinical trials on the topic of recommendations. (Evidence levels lla, b, 1)
C Requires evidence obtained from expert committee reports or opinions

and/or clinical experiences of respected authorities.
Indicates an absence of directly applicable clinical studies of good quality.
(Evidence level IV)

Good practice point
Recommended best practice based on the clinical experience of the guideline devel-
opment group.
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C ontroversies

Has progestogen a role in preventing recurrent miscarriage?

In this section, we are going to present a very hot topic. Should we use progestogens for
preventing subsequent miscarriage? The situation is different if we are dealing with sporadic
or recurrent problem. We are going to present the abstract of a recent Cochrane systematic
review that was issued this year 2008. We are going to present also a more detailed view of
possible beneficial effects of progesterone in the context of pregnancy support based on the
article appeared this year in Human reproduction update, 2008; 14 (1):27 by Julia Szekeres-
Bartho and Juan Balasch. This excellent piece of work is inviting us for more thorough inves-

tigation for the role of progesterone in early pregnancy.

Ahmed badawy MD MRCOG
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1. Progestogen for preventing miscarriage

Oates-Whitehead, RM, Haas, DM, Carrier, JAK
Cochrane Database Syst Rev. 2008 Apr 16; (2):CD003511.
Background
Progesterone, a female sex hormone, is known to induce secretory changes in the lining of
the uterus essential for successful implantation of a fertilized egg. It has been suggested that
a causative factor in many cases of miscarriage may be inadequate secretion of progesto-
gens. Therefore, progestational agents have been used, beginning in the first trimester of

pregnancy, in an attempt to prevent spontaneous miscarriage.

Objectives
To determine the efficacy and safety of progestogens as a preventative therapy against mis-

carriage.

Search strategy
We searched the Cochrane Pregnancy and Childbirth Group trials register (April 2003), CEN-

TRAL, MEDLINE (1966 to April 2003), EMBASE (1980 to April 2003), CINAHL (1982 to April
2003), NHMRC Clinical Trials Register (April 2003) and Meta-Register (April 2003). We
searched references from relevant articles, attempting to contact authors where necessary,

and contacted experts in the field for unpublished works.

Selection criteria

Randomised or quasi-randomised controlled trials comparing progestogens with placebo or

no treatment given in an effort to prevent miscarriage.

Data collection and analysis

Thirty trials were identified in the initial search. At least, two reviewers assessed trial quality
and extracted data. Data for all outcomes were in dichotomous form and the Peto odds ratio

was used in the meta-analysis for all comparisons.
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Main results

Fourteen trials (1988 women) met the inclusion criteria. The meta-analysis of all women, re-
gardless of gravidity and number of previous miscarriages, showed no statistically significant
difference in the risk of miscarriage between progestogen and placebo or no treatment
groups (odds ratio (OR) 1.05, 95% confidence interval (Cl) 0.83 to 1.34) and no statistically
significant difference in the incidence of adverse effect in either mother or baby. In a sub-
group analysis of three trials involving women who had recurrent miscarriages (three or
more consecutive miscarriages), progestogen treatment showed a statistically significant de-
crease in miscarriage rate compared to placebo or no treatment (OR 0.39, 95% Cl 0.17 to
0.91). No statistically significant differences were found between the route of administration

of progestogen (oral, intramuscular, vaginal) versus placebo or no treatment.

Authors' conclusions

There is no evidence to support the routine use of progestogen to prevent miscarriage in
early to mid pregnancy. However, further trials in women with a history of recurrent miscar-
riage may be warranted, given the trend for improved live birth rates in these women and
the finding of no statistically significant difference between treatment and control groups in

rates of adverse effects suffered by either mother or baby in the available evidence.
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2. Progestagen therapy for recurrent miscarriage

Julia Szekeres-Bartho and Juan Balasch
Department of Medical Microbiology and Immunology, Medical School, Pecs University, Spain

There is increasing evidence that progesterone exhibits anti-inflammatory activities, which
might be beneficial in the prevention of pre-term birth and RM. Despite our limited under-
standing of the pathophysiology of ‘idiopathic’ RM, progesterone supplementation has been

widely used to prevent miscarriage.

The rationale of this treatment is to correct putatively insufficient progesterone production,
which could manifest in inappropriate endometrial development or inadequate immune re-
sponse to fetal antigens. Both of these are likely to contribute to the pathogenesis of spon-
taneous miscarriage. The objective of this review is to examine the evidence on the role of
progesterone in the pathophysiology of miscarriage, and the clinical evidence on whether it

is effective.

Luteal phase defect and inappropriate endometrium

Endocrine background of normal endometrial development

Progesterone is indispensable for the establishment and maintenance of pregnancy. It pre-
pares the endometrium for blastocyst implantation and controls endometrial development.
The pre-ovulatory increase in the secretion of 17B-estradiol (E;) promotes the proliferation
and differentiation of uterine epithelial cells. This is followed by the production of progeste-
rone, which induces the proliferation and differentiation of stromal cells. Progesterone acts
on the endometrium via specific receptors, the expression of which is controlled by estro-
gens. By down-regulating estrogen receptors, progesterone leads to a fall of both estrogen
and progesterone receptors. During the luteal phase of the menstrual cycle, the corpus lu-
teum is the only source of progesterone. If pregnancy occurs, the corpus luteum continues to
produce progesterone until the trophoblast takes over.

Cyclic secretion of estrogens and progesterone triggers morphological and physiological changes of

the endometrium and creates during the implantation window (5-10 days after the LH surge) a
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suitable endometrial environment for embryo implantation and maintenance of early pregnancy.
These changesfail to develop if progesterone production is lower than normal.

RM may be associated with retarded endometrial development in the peri-implantation pe-
riod, however, not all women who miscarry show the endometrial defect, and only a part of

them have lower than normal plasma progesterone concentrations .

The diagnostic value of endometrial dating

In early RM, the prevalence of delayed endometrial development was found to be signifi-
cantly higher (19/60), whereas that in infertile patients (46/355) did not significantly differ

from the controls (1/25).

In a detailed endocrinological investigation of women with unexplained RM, only 27% of the
patients had a delayed endometrial development, which was still a significantly higher pre-
valence than the 11% found among controls. Delayed endometrial development was asso-
ciated with significantly lower plasma progesterone levels, however, there was a poor asso-
ciation between either delayed endometrial development or low plasma progesterone levels
and RM (Li et al., 2000). These findings show that delayed endometrial development is not
necessarily due to insufficient progesterone production. A randomized multicentre study in-
volving 619 endometrial biopsies, revealed a high percentage (49.4%) of fertile women with
delayed endometrial development and concluded that endometrial dating did not discrimi-
nate between fertile and infertile women. The latter could be due to false positive LH tests
or observer variation. Furthermore, the system has its inherent limitations, because though
certain post-ovulatory days are characterized by distinctive histological features, the in-
between features are less defined and do not allow precise dating. Thus, the diagnostic val-
ue of endometrial dating is questionable. This however does not imply that that progeste-
rone deficiency could not—by delaying endometrial development—contribute to the patho-

physiology of RM.

Progesterone deficiency and RM

Several studies reported lower than normal serum progesterone concentrations in RM pa-
tients with delayed endometrium, compared with those with normal endometrium, whereas

others failed to detect significant differences between the two groups
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If plasma progesterone levels are normal, the endometrium can still be progesterone defi-
cient due to receptor abnormalities. Li et al. (2002) showed that in the endometrium of 25%
of women with RM the spatial expression of progesterone receptors is different from that in

normal controls.

Mutations of the progesterone receptor gene could also contribute to impaired reproductive
function and consequently to early abortions. Schweikert et al. (2004) reported on a poly-
morphism within the coding sequence of the human progesterone receptor gene that occurs
at a significantly higher frequency in patients with RM than in controls. An inappropriate en-
dometrial development can thus develop on the basis or progesterone receptor defects in

the presence of sufficient progesterone concentrations.

These findings support the existence of absolute or relative progesterone deficiency as a bio-
logically significant entity in recurrent first-trimester spontaneous miscarriage. In the former
cases progesterone supplementation should potentially be successful. Women suffering

form relative progesterone deficiency will probably not benefit from this treatment.

Inadequate immunorequlation in the absence of progesterone

The feto—maternal immunological relationship

Fifty per cent of fetally derived antigens are of paternal origin. The presence of anti-fetal, -
placental and -paternal antibodies in sera of women with successful pregnancies clearly
shows that maternal recognition of fetal antigens does not compromise pregnancy; instead,

it induces functional changes that allow the fetus to survive and develop.

The immuno-modulating effects of progesterone are well established. High local concentra-
tions of progesterone prolong the survival of xenogeneic and allogeneic skin grafts as well as
of xenogeneic tumour cells implanted in hamster uteri. Ovarectomized animals treated with
progesterone but not with estrogen develop uterine abscesses after injection with Escheri-
chia coli. During the luteal phase of the ovarian cycle, the immune response is shifted to-
wards a Th2-type response. In a prospective study Kruse et al. (2003) found generally lower
Th1/Th2 cytokine ratios in RM patients with high- than in those with low serum progeste-
rone levels, suggesting that serum progesterone might have an influence on cytokine pro-

duction. Dydrogesterone treatment of women with pre-term delivery induces a shift in cyto-
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kine bias, by inhibiting pro-inflammatory cytokine production and increasing anti-

inflammatory cytokine production.

The effect of progesterone on the immune system of pregnant women is at least in part re-
ceptor-mediated. Following recognition of fetal antigens, activated maternal / T cells express
progesterone receptors, and upon progesterone binding under the effect of progesterone

produce a mediator; named progesterone-induced blocking factor (PIBF).

By signalling via a novel form of the IL-4 receptor this molecule induces a Th2-dominant cy-

tokine response, by facilitating the production of IL-3, IL-4 and IL-10 .

The effect of progesterone on maternal cytokine production

A number of studies suggest that a Th2-dominant cytokine production favours normal preg-

nancy, whereas an excess of Thl cytokines leads to pregnancy termination.

Women with RM have been shown to have a Thl-dominant cytokine profile. Conflicting data,
i.e. increased IL-4 and IL-10 production together with decreased IFN and TNF production in

RM patients were reported byBates et al. (2002) .

In a prospective clinical trial, Raghupathy et al. (2005) investigated the production of Thl
and Th2 cytokines from peripheral blood lymphocytes from RM women challenged in vitro to
progestrone, and showed that progestogen induces PIBF production down-regulates peri-
pheral Thl cytokines and stimulates Th2 cytokines, resulting in shift towards Th2-type im-
munity. Human and animal studies suggest that inducing PIBF production could be the indi-

rect mechanism by which dydrogesterone improves pregnancy outcome.

The Th1/Th2 concept of normal pregnancy stems from investigating peripheral blood lym-
phocyte-derived cytokines. Studies on placental cytokine production have differentiated this
picture and showed at the same time that—at least in mice—Th1 cytokines are not necessar-
ily detrimental for pregnancy development, some of them, e.g. LIF and IL-11 as well as IFN,

are even necessary for implantation of the mouse blastocyst.

Practically all cytokines appear in the human endometrium and in the decidua. A growing
body of evidence shows that steroid effects that control both follicular development and

uterine receptivity are mediated by locally acting growth factors and cytokines. Progesterone
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present in the microenvironment of the decidual T cells could be responsible, at least in part,
for modulating the cytokine profile. Progesterone at concentrations comparable to those
present at the materno—fetal interface induce production of Th2-type cytokines, IL-4 and IL-
5. Progesterone but neither 17B-E, or hCG, or progesterone analogues (4-pregnen-20B-ol-3-
one, 4-pregnen-20-ol-3-one and 5-pregnen-3B-ol-20-one) favour the development of anti-
gen-specific T cells, into ThO cell lines and clones capable of producing IL-4 and IL-5 in addi-
tion to IFN (Piccinni et al., 1995). Progesterone acts through receptors present on a substan-

tial proportion of T blasts from established T-cell clones.

Two studies on endometrial cytokine expression in women with RM gave seemingly conflict-
ing results, which can be due to the different study design and to the different methods used
for cytokine detection. Lim et al. (2000) found that women with RM had higher level of Thl
cytokines mRNA in the peri-implantation endometrium than those with no history of RM.
Shimada et al. (2004) reported on less IFN and TNF producing CD4+ endometrial T cells
from women with RM compared with the control group. While the second study focused on
a subset of T cells only, cytokines produced by all endometrial populations were considered

in the first.

The effect of progesterone on maternal NK cells

Through altered cytokine production PIBF inhibits natural killer (NK) mediated killing in an

indirect way.

NK cells play diverse and important roles during pregnancy. During the secretory phase of
the menstrual cycle CD 56, CD16 and CD3 negative granulated NK cells appear in the endo-
metrium, and remain there until onset of menses, or if pregnancy occurs, increase in num-
ber, to become the predominant uterine lymphocytes of early pregnancy. They secrete an
array of angiogenic factors and the dynamics of their appearance suggests that one of their
functions might be the control of placentation. Decidual NK cells are believed to control tro-
phoblast invasion through the production of immunoregulatory cytokines and angiogenic
factors. Decidual NK cells do not express progesterone receptors, however, progesterone
affects both the number and function of these cells in an indirect way. The rapid increase of
NK cell counts in the early decidua is thought to be due to proliferation of the resident popu-
lation, and/or recruitment of CD56 (bright) lymphocytes from the circulation. Progesterone

(together with estrogen and LH) plays a role in potential uterine homing of NK cells. NK cells
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express chemokine receptors thus can be induced to migrate in response to several chemo-
kines. Trophoblast and placenta produce chemokines that may recruit blood NK cellsinto the
decidua during pregnancy. Progesterone induces CXCL10 and 11 production by endometrial
cells, and NK cell migration to the endometrium is supported by these sex- hormone-induced

chemokines.

Hoxa-10, a developmentally regulated homeobox transcription factor is highly expressed in
decidualizing stromal cells. Progesterone and, to a lesser extent, estrogen induce Hoxa-10
expression. Hoxa-10 knock-out mice show severe decidualization defects, primarily due to
reduced stromal cell responsiveness to progesterone. Hoxa-10 deficiency interferes with NK
cell differentiation without affecting the migration of NK precursors into the decidua. Fur-
thermore, gene expression profiling revealed that, at the time of implantation, Hoxa-10 me-

diates the progesterone-stimulated proliferation of uterine stromal cells.

Potential cytotoxic mechanisms exerted by NK cells can damage the trophoblast and induce
ablation of placenta. In spite of their high perforin content decidual NK cells show a low
spontaneous cytotoxic activity. The embryonic trophoblast that forms the interface between
the maternal and fetal compartments could be the site of fetal antigen presentation, and
also the expected target of maternal anti-fetal effector mechanisms. Syncyctiotrophoblast
and villous cytotrophoblast are devoid of HLA antigens, whereas extravillous cytotrophoblast

cells do express HLA-C and the non-polymorphic molecules; HLA-G and HLA-E.

HLA-G presents antigens and plays a role in the regulation of HLA-E expression. HLA-G or
HLA-E binding by inhibitory receptors of decidual NK cells conveys a negative signal and thus

might induce resistance of the trophoblast to NK-mediated lysis.

Another mechanism by which HLA-G expressing cells might protect themselves against im-
mune aggression lies in inducing regulatory cells. Furthermore, soluble HLA-G1 exerts differ-
ent immunoregulatory functions via different immune targets, including T cells and dendritic

cells (Hunt et al., 2005), as well as anti-angiogenic effects.

Recently, Yie et al. (2006) reported that progesterone up-regulates HLA-G gene expression
through a novel progesterone response element. Increased expression of HLA-G—by gene-

rating regulatory cells and modulating dendritic cell T cell and NK activity—might contribute
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to the favourable microenvironment in the decidua. Thus one of the sites of progesterone

action in promoting normal gestation is regulation of HLA-G gene expression.

RM is associated with an increased number of endometrial NK cells, and decidual lympho-
cytes from failed pregnancies contain less perforin than those from normal pregnancy deci-
duas, suggesting that an increased rate of degranulation takes place in the former case. Fur-
thermore, a dominant population of TGF-B-producing NK3 type cells in normal decidua is sig-
nificantly reduced in deciduas from women with RM. Other studies have shown RM patients
having fewer CD56-bright NK cells in the preimplantation endometrium than controls, and
patients who miscarried chromosomally normal embryos had decreased percentage of
CD56+ decidual NK cells compared with those who miscarried chromosomally abnormal em-
bryos. It should however be kept in mind that the changes observed in miscarriage placentae
could be due to the necrosis and inflammation following the death of the embryo, thus they
might be the result, rather than the cause of miscarriage. Therefore, these findings must be

interpreted with caution.

The relative ratio of two putative, functionally distinct decidual NK cell populations might
thus determine the fate of the fetus, or alternatively, the loss of control due to progesterone
deficiency and consequently impaired HLA-G expression might result in proliferation and ac-

tivation of decidual NK cells.

In pregnant mice, neutralization of endogenous PIBF activity by specific anti-PIBF antibody
causes a significant reduction in the number of viable fetuses, and this is associated with an
increased splenic NK activity, together with reduced IL-10 and increased IFN production of
the spleen cells. Ninety per cent of pregnancy loss is corrected by treatment of the pregnant
animals with anti-NK antibodies. These data suggest that in mice PIBF contributes to the suc-
cess of pregnancy and that the major part of its pregnancy-protective effect lies in keeping

NK activity under restraint.

RM may also be associated with an adverse immune reaction to progesterone. An interesting
study revealed that out of 29 women with RM, 23 and 20 showed an allergic skin reaction to
estrogen and progesterone, respectively, whereas no such reaction was observed in the con-
trols. The underlying mechanism might be that anti-progesterone immunity that emerges in

these patients impairs the physiological functions of progesterone.
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Progesterone treatment of RM—clinical trials

While there is an accepted causative therapeutic protocol for each group of women with RM of

known pathophysiology, thereis none for recurrent spontaneous miscarriages of unknown aetiology.

Progesterone treatment could be efficient, if continuation of pregnancy is threatened by in-
sufficient progesterone production, which might result in inappropriate endometrial devel-
opment, or the failure of the immune system to adapt to the new situation created by the

presence of the fetus.

For more than five decades, progesterone has been administered orally, intramuscularly and vagi-
nally in an attempt to prevent miscarriage in early-to-mid pregnancy. Early studies of progesterone
supplementation reported improved pregnancy outcomes in treated women. Two meta-analyses
of randomized trials, Goldstein et al. (1989) and Daya (1989) gave conflicting results. The meta-
amalysis of Goldstein et al. (1989) showed no benefit when progesterone was used to maintain
early pregnancies, whereas Daya (1989) reported that progesterone supplementation significant-
ly improved pregnancy outcome in women with RM. The Goldstein analysis combined the data
from 15 very heterogenous studies on ‘high risk’ pregnancies including previous miscarriage, still-
birth or present pre-term labour. Only the pre-term delivery versus the term delivery comparison

approached statistical significance.

In Daya’s meta-analysis, three controlled trials of progesterone treatment in women with
RM have shown small, but not statistically significant, increases in the rates of pregnancies
that continued beyond 20 weeks in the treated groups. None of these studies had sufficient
statistical power to detect a clinically significant improvement in outcome, but pooling the
results of these studies using the principles of meta-analysis have allowed an overall effect of
treatment to be calculated. The resulting odds ratio (ORs) for pregnancies reaching at least

20 weeks gestation was 3.09 [95% confidence interval (Cl) 1.28, 7.42].

A meta-analysis including 14 trials (1988 women) revealed no statistically significant differ-
ence in the risk of miscarriage between progestogen and placebo or no treatment groups
(OR 1.05, 95% CI 0.83, 1.34), when all women, regardless of gravidity and number of pre-

vious miscarriages, were included in the meta-analysis.
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On the other hand, in a subgroup analysis of three involving 91 women who had RM, proges-
togen treatment showed a statistically significant decrease in miscarriage rate compared

with placebo or no treatment (OR 0.39, 95% Cl 0.17, 0.91).

In all of the mentioned meta-analyses the same three (>40 years old) placebo-controlled tri-

als were included, and the design of these studies is not acceptable by modern standards

Two of these studies were randomized placebo-controlled and double-blinded, but in both of
them the allocation methodology was unclear. The third study was not placebo-controlled,
the method of randomization is not stated, allocation concealment was clearly inadequate
and it was unclear whether any blinding was used. Only one of the three studies was three or
more consecutive miscarriages an inclusion criterian. The other two studies included women

with two or more consecutive miscarriages.

No statistically significant differences were found between the route of administration of
progestogen (oral, intramuscular or vaginal) versus placebo or no treatment. No side effects

of progesterone were reported.

In a recent study (not included in the meta-analysis) conducted by El Zibdeh (2005) , 180
women with a history of recurrent, unexplained spontaneous miscarriage were randomized
according to the day of the week the women attended the clinic to receive oral dydrogeste-
rone, intramuscular human chorionic gonadotrophin or no additional treatment. Miscarriag-
es were significantly less common in the dydrogesterone group (11/82, 13.4%) than in the
control group (14/48, 29%); there were no statistically significant differences between the
hCG group and the control group. Neither were there any differences between the groups
with respect to pregnancy complications or congenital abnormalities. This study was howev-

er neither placebo- controlled, nor blinded.

The extensive use of progestational agents during the first and second trimester of pregnan-
cy in attempt to prevent miscarriage showed that this treatment is not associated with ad-
verse effects in the mothers. However, Carmichael et al. (2005) have recently reported that
maternal intake of progestins in early pregnancy is associated with an increased risk of hy-

pospadiasis in the male offspring (OR 3.7, 95% Cl 2.3, 6.0).

Participants of an international workshop on the evidence-based management of recurrent preg-

nancy loss called attention to methodological problems threatening the validity of research in this
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field. The most important of these concernsis patient selection criteria. The validity of research is
often hampered by an incorrect diagnosis, due to faulty recall of the pregnancy history, or classifi-
cation of biochemical pregnancies as miscarriages. The term miscarriage is used to describe a preg-
nancy that fails to progress, resulting in the death and expulsion of the embryo or fetus. The gen-
erally accepted definition stipulates that the fetus or embryo should weigh 500 g, a stage that cor-
responds to a gestational age of 20 weeks. Only patients fulfilling these criteria of RM should be
enrolled. Delayed menstruation or biochemical pregnancies should not be included in the studies,

since they might have different aetiologies.

The above notwithstanding, the following facts should be considered when analyzing studies on RM.
First, the only study design that would be acceptable for such a therapeutic intervention would be a
randomized controlled trial, which would exclude any sort of matching. One would expect that ran-
dom allocation would achieve balance in both number of abortions and age. If the factors were by
chance not balanced between the groups, a regression analysis would be necessary to adjust for the
imbalance. Of course, stratification is possible for both number of abortions and age (as well as pri-
mary versus secondary miscarriage), but power considerations limit the number of stratification fac-
tors. Second, it is feasible and acceptable when there is a strong prognostic factor such as primary
versus secondary miscarriage, to stratify the random list by that factor in order to ensure balance
between the groups and allow for an analysis of the interaction between the treatment and the
prognostic factor. Third, it is a principle of randomized trial design that all procedures must be the
same for both treatment and control groups. It is to note that samples of human beings are always
heterogeneous, even when all patients begin with the same clinical diagnosis. The intervention must
be robust enough to overcome this heterogeneity or it will be useless in practice. If we knew which
patients would be the responders the trial would not be necessary. Ideally, further studies on proge-
sterone therapy for RM should consider all these potential variables. Finally, double blinding is an
indispensable element of a randomized controlled trial to ensure unbiased co-interventions, moni-

toring, as well as outcome and adverse effect observations.

In conclusion, well-designed randomized studies are needed to provide robust and reliable evi-
dence for the usefulness of progesterone supplementation in the treatment of RM. Laboratory
tests including determinations of NK function and cytokine production should be performed on
the same patients, according to standardized protocols, to answer the question, whether these
parameters are of any value in identifying patients who would respond to progestogen therapy.

The usefulness of PIBF measurement in early pregnancy is currently under evaluation.
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rug corner

What do you know about “Progestogens”?

Simply, progestogens are synthetic progesterones. Progestogens are a class of steroidal
compounds having P-like actions that includes natural P and various synthetic progestins de-
rived from P itself (containing 21 carbons;C-21), T (C-19), or aldosterone (C-18) precursors.
There are two main groups of progestogens; Progesterone and its derivatives (dydrogesterone
and medroxyprogesterone) and Testosterone analogues (norethisterone and norgestrel). The
newer progestogens (desogestrel, norgestimate and gestodene) are all derivatives of norge-

strel. Levonorgestrel is the active isomer of norgestrel and has twice its potency.

Uses of progestogens

e Endometriosis.

e Menorrhagia.

e Contraception.

e Premenstrual symptoms.

e Severe dysmenorrheal.

e Luteal support.

e Hormone replacement therapy (HRT).

e Some neoplasia e.g. endometrial and breast carcinoma.

Contraindications

e History of liver tumors.

Severe liver impairment.

Severe arterial disease especially the testosterone analogues.

Undiagnosed vaginal bleeding.

History of pruritus or jaundice during pregnancy.

Cautions

Although they are generally safer than estrogen, progestogens should be used with caution

in the conditions that may worsen with fluid retention e.g. epilepsy, hypertension, mi-
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graine, asthma, cardiac or renal dysfunction and in those susceptible to thromboembolism.

Progesterone also should be avoided in patients with depression.

Side effects

e Menstrual disturbances.

e Premenstrual like symptoms (include bloating, fluid retention, nausea, headache, diz-
ziness, insomnia, drowsiness, depression and breast discomfort).

e Jaundice and anaphylactoid reactions have been reported.

e Skin reactions including urticaria, pruritus, rash and acne.

Drug interactions

e Antibacterials: rifamycins accelerate metabolism of both combined and progestogen-
only oral contraceptives when broad- spectrum antibacterials such as ampicillin and te-
tracycline given with combined oral contraceptives possibility of reduced contraceptive
effect (riskis probably small).

e Antiepileptics: such as carbamazepine, axcarbazepine, phenobarbital, phenytion, pri-
midone and topiramate) accelerate metabolism causing reduced effect of both com-
bined and progestogen-only contraceptives.

o Antifungals as griseofulvin accelerates metabolism causing reduced contraceptive ef-
fect. There are anecdotal reports of contraceptive failure with fluconazole, itracona-
zole, ketoconazole and possibly others; and occasional reports of breakthrough bleed-
ing with terbinafine

o Antihypertensives combined oral contraceptives antagonize hypotensive effect

e Oral tretinion may reduce contraceptive efficacy of low-dose progestogens.

Some preparations and doses:

1. progesterone

- Uterogestan: 100 mg micronised progesterone capsules.

Dose: 2-6 capsules/day, usually one capsule in the morning and

two before sleep.

- Cyclogest: 200 and 400 mg progesterone suppositories.

Dose: vaginal or rectal 200-800 mg daily.
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- Gestone: 100 mg progesterone IM injection.
Dose: for luteal phase support: once daily and for early preg-

nancy corpus luteum support: twice weekly to once daily.

- Prontogest: 100 mg progesterone IM injection.

2. Dydrogesterone

Indications: See notes above.

- Contraindications: See notes above.
- Cautions: See notes above.

- Side effects: See notes above.

- Preparations
0 Duphastone: 10 mg dydrogesterone tablets.

0 Endometriosis: 10 mg 2-3 times daily from day 5-26 of cycle or conti-

nuously.

O Recurrent miscarriage: 10 mg twice daily from day 14-28 of cycle until

conception then continued till 20 w of pregnancy.
O Menorhagia: 20 mg/day from day 5-26 of cycle.
O Metrorhagia: 20 mg/day from day 14-26 of each cycle.
0 Dysmenorrhea: 10 mg twice daily from day 5 to 26 of the cycle.
0 Premenstrual symptoms: 10 mg twice daily from day 12 to 26 of cycle and
increased if necessary.
3. Medroxyprogesterone acetate

Indications: See notes above.

Contraindications: See notes above.

Cautions: See notes above.

Side effects: See notes above.

Preparations

O Provera: 5 mg medroxyprogesterone acetate tablets.
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0 Depo-Provera: as medroxyprogesterone acetate depot 150 mg IM injec-

tions.
0 Onco-provera: 1000 mg MPA IM injection
0 Farlutal depo: 1000 mg MPA IM injection.

0 Farlutal tablets :100 mg MPA tabs

0 Endometriosis: 10 mg 3 times daily for 90 consecutive days beginning on

day 1 of the cycle.

0 DUB: 2.5-10 mg daily for 5-10 days beginning from day 16 to 21 of cycle

repeated for 2-3 cycles.

0 Endometrial and prostatic carcinoma:initially 500 mg IM twice weekly for

3 months then 500 mg once weekly.

0 Breast carcinoma: Initially 0.5-1 gm daily IM for 4 weeks then mainten-

ance 0.5 gm twice weekly.

4. Norethisterone

Indications: See notes above.

- Contraindications: See notes above.

- Cautions: See notes above.

- Side effects: See notes above.

- Preparations

0 Primolut nor: 5 mg norethisterone tablets.
0 Steronate nor: 5 mg norethisterone tabs.

0 Cidolut nor: 5 mg norethisterone tabs.

0 Endometriosis: 5 mg 2-3 times daily for 4-6 months.

0 DUB: 5 mg 3 times daily for 10 days to arrest the bleeding. To prevent fur-
ther bleeding give 5 mg twice daily from day 5- 24 for 3-4 cycles.
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Progesterone supplementation during the luteal phase and in
early pregnancy: an educational bulletin

The Practice Committee of the American Society for Reproductive Medicine
American Society for Reproductive Medicine, Birmingham, Alabama

The modulating effects of P on endometrial structure and function are essential to the
success of human reproduction. After ovulation, P produced by the corpus luteum (CL)
induces “secretory” maturation of the endometrium, involving a cascade of molecular
events that ultimately renders the endometrium receptive to implantation of the embryo.
After nidation, continued P stimulation, driven by rapidly increasing concentrations of hCG,

decidualizes the endometrial stoma and supports early embryonic development.

Considering the important role that P plays in human reproduction, it is not surprising that ex-
ogenous supplemental P is a common element of treatment regimens in infertility, particularly
those relating to the assisted reproductive technologies (ART). This document will review the
effects of various treatments on endogenous P secretion and the rationale for supplementa-
tion, the available forms and routes of administration for exogenous P, and the benefits and

the risks of exogenous P supplementation during early pregnancy.

The importance of progesterone in early pregnancy

A classic series of studies conducted more than three decades ago demonstrated that P secre-
tion by the CL is absolutely required for the success of early human pregnancy. Surgical excision
of the CL (“luteectomy”) before 7 weeks’ gestation (using traditional methods for dating preg-
nancy from onset of last menstrual period) uniformly precipitated an abrupt decrease in se-
rum P concentrations followed by miscarriage. When luteectomy was performed more than 27
days after the missed menstrual period (8 weeks’ gestation or later), P levels decreased only
slightly and transiently, and pregnancy continued. Finally, exogenous P replacement after early.

luteectomy (before 7 weeks’ gestation) prevented otherwise inevitable miscarriage. These
and other related studies demonstrated clearly that the success of early pregnancy depends
on P that derives primarily from the CL before 7 weeks’ gestation, almost entirely from the
trophoblast after 9 weeks’ gestation, and from both sources to varying extent during the

time between, known as the luteal-placental shift.
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Measures of luteal function

There are no reliable methods for diagnosis of P deficiency during the luteal phase or early
pregnancy. Serum P concentrations range widely during the mid and late luteal phases be-
cause P secretion by the CL is pulsatile. Levels as low as 2.3 and as high as 40.1 ng/mL have
been observed within the relatively short interval of time spanning a single secretory pulse
(60-90 minutes). Consequently, single and even serial serum P measurements have limited
clinical utility and may not provide a truly accurate gauge of the quality of luteal function.
Progesterone levels in early pregnancy also range widely, particularly when conception follows
treatment with ovulation-inducing drugs. Histologic endometrial dating was widely accepted
for decades as the gold standard among methods for assessing the quality of luteal function,
but more recently has been proven invalid. Progesterone supplementation necessarily is em-
piric and has been applied liberally in clinical circumstances where in the amount or dura-

tion of P production is reasonably suspected.

Effect of gonadotropin-releasing hormone analogues on luteal function

Gonadotropin-releasing hormone analogues, both agonists and antagonists, are used
widely to synchronize early follicular development and to prevent premature luteinization
and ovulation during controlled ovarian hyperstimulation (COH) with exogenous gonado-
tropins for superovulation or IVF. However, their mechanisms of action also threaten the

quality of luteal function that follows ovulation or oocyte retrieval.

Long-acting GnRH agonists (e.g., leuprolide, nafarelin,goserelin) have a two-phased ac-
tion on pituitary gonadotropin secretion. Initially, agonists stimulate gonadotropin re-
lease directly, but continued stimulation ultimately down regulates pituitary GnRH recep-
tors and there by suppresses gonadotropin secretion. Once down-regulated, pituitary
function is slow to recover and does not return to normal until 2-3 weeks after agonist
treatment ends. Because normal CL function depends on pituitary LH stimulation, some
form of luteal phase support is considered prudent, if not essential, to prevent any P

deficiency that might jeopardize the success of implantation or early pregnancy.

The GnRH antagonists block pituitary GnRH receptors directly. Consequently, their onset of

action is immediate and their effects more profound than those of long-acting agonists. Like
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the GnRH agonists, antagonists often are used to prevent a premature LH surge during stimula-
tion with exogenous goadotropins for ovulation induction, superovulation, or IVF. Although the
corresponding duration of pituitary suppression is shorter than after treatment with an agon-

ist, GNRH antagonist treatment also predisposes to poor luteal function.

Overall, the weight of available evidence supports using some form of luteal phase sup-
port when treatment has included any GnRH analogue, agonist or antagonist. A 2002
meta-analysis of randomized controlled trials of IVF cycles using GnRH agonists observed
that all luteal phase support regimens (IM or vaginally administered P and HCG) yield
significantly higher pregnancy rates (PR), compared with placebo or no treatment. A
2004 Cochrane systematic review of 59 studies concluded that in IVF cycles involving
down-regulation with a long-acting GnRH agonist, P supplementation (administered vagi-
nally or by IM injections) achieved higher ongoing PRs per embryo transfer compared with

placebo or no treatment.

Methods of luteal support

Progesterone can be administered orally, vaginally, or by IM injections. Oral P supple-
mentation is the least common method because two randomized controlled trials ob-
served significantly lower implantation rates and PRs, higher miscarriage rates, or both,
in women receiving oral micronized P supplementation, compared with women receiv-
ing IM or vaginally administered P. Intramuscular P in oil (50 mg/day) generates circu-
lating P concentrations at or above the physiological range. Vaginally administered P
yields lower serum levels, but none the less achieves endometrial tissue concentrations

up to 30-fold greater than those achieved with IM P.

Progesterone can be administered vaginally in an 8% gel, compounded suppositories,
or in tablets containing micronized P. The effects of treatment with vaginal supposito-
ries or tablets in doses ranging between 200 and 600 mg/day appear comparable to
those achieved by administration of a gel containing 90 mg of P, but investigations
aimed at comparing the efficacy of the differing forms of vaginally administered P have

been limited by relatively small study cohorts.

The relative effectiveness of the vaginal and IM routes of P supplementation has been
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controversial. A clinical trial involving 250 women in a first IVF cycle, randomized to re-
ceive IM P (50 mg/day) or vaginal micronized P supplementation (200 mg/day), ob-
served higher PRs in the group treated with IM P. A second open label randomized trial
involving 201 women yielded similar results; the age adjusted odds ratios for clinical PR,
implantation rates, and live birth rates all favored the group that received IM P supple-
mentation over the one receiving treatment with a vaginally administered P gel. In con-
trast, another study of IVF outcomes in a group of 262 women supplemented with E2
vale rate in combination with either IM P (50 mg/day) or vaginal micronized (600
mg/day) observed no differences in clinical PRs between the groups. In addition, first
trimester miscarriage rates were significantly lower in women receiving vaginal P sup-
plementation, although their plasma concentrations also were lower than in those
treated with IM P. The Cochrane systematic review of clinical trials examining outcomes
in IVF cycles involving treatment with a long-acting GnRH agonist concluded that [1]
clinical PRs per embryo transfer in women receiving vaginal or IM P supplementation
were not significantly different (OR 0.82, Cl0.67-1.01), and the optimal route of P ad-

ministration has not been established.

The necessary or optimal duration of supplemental P therapy also has not been estab-
lished firmly. Evidence derived from the classic luteectomy studies described previous-
ly indicates that P supplementation is most important during the first 5 weeks after con-
ception (7 weeks’ gestation) and almost certainly unnecessary beyond 7 weeks after con-

ception (9 weeks’ gestation).

Luteal support is most commonly provided by treatment with supplemental P but also
can be achieved effectively by administration of exogenous HCG. In IVF cycle's involving
treatment with a long-acting GnRH agonist, HCG stimulation of luteal function and P sup-
plementation have similar effectiveness. In an analysis of combined data from six clinical
trials involving a total of 1,038 women, the ongoing PR per embryo transfer in cycles sup-
plemented directly with P was not significantly different from that in cycles supple-
mented with HCG (OR 0.94, 95% Cl 0.70-1.27) . However, the risk for ovarian hyperstimu-
lation syndrome (OHSS) was significantly lower for women receiving P supplementation

than for those treated with HCG (OR 0.46, 95% Cl 0.26-0.81).
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RISKS OF PROGESTERONE SUPPLEMENTATION

The weight of available evidence indicates that the most common forms of P supplementa-
tion during early pregnancy pose no significant risk to mother or fetus. One retrospective
case control study has observed an association between maternal exposure to exogenous
progestogens during early pregnancy and an increased risk for hypospadias in their infants
(OR 2.2,95% Cl 1.0-5.0). However, for 30 of the 42 cases described in the report, the type
and duration of progestogen treatment was not known or specified. Because certain pro-
gestogens possess weak androgenic and antiandrogenic properties, it is quite possible that
the observed association between early maternal progestogen exposure and the risk of
hypospadias may be attributed largely, if not entirely, touse of progestins that bind to
the androgen receptor. There is no direct evidence to indicate that supplementation
with P itself during early pregnancy poses any significant risk of hypospadias or other
types of birth defects. The increased risk for hypospadias observed in infants conceived
by intracytoplasmic sperm injection (ICSI) most likely can be attributed to genetic factors

related to paternal subfertility.

In 1999, the US Food and Drug Administration (FDA) conducted a thorough review of the

relevant published scientific data, which yielded the following key findings:

e Controlled studies show no increase in congenital anomalies, including genital ab-
normalities in male or female infants, resulting from maternal exposure to P or
17a-hydroxyprogesterone (17-OHP) during early pregnancy.

e Analysis of the published literature relating to maternal progestogen exposure
during pregnancy and virilization of the genitalia in female infants indicates that
most reported cases involved high doses of progestins derived from androgens,
particularly ethisterone andnorethindrone.Most reported cases of masculinized
female infants are associated with maternal exposure to methyltestosterone, me-

thandriol, and danazol.

The FDA concluded that class labeling for all progestogens warning of an increased risk
of birth defects was inappropriate because it would apply without regard to the indica-
tion for which the drug is prescribed. The FDA also noted that use of P for luteal phase
support in IVF cycleshad becomes routine and that the agency had itself recently ap-

proved a P gel for use in infertile women under treatment with ART.
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SUMMARY AND RECOMMENDATIONS

Currently, there is no reliable method for specific diagnosis of P deficiency during the lu-
teal phase of the menstrual cycle or early pregnancy. During ovarian stimulation with ex-
ogenous gonadotropins, use of a long-acting GnRH agonist or a GnRH antagonist to
prevent a premature LH surge frequently results in poor luteal function due to residual
suppression of pituitary LH secretion. In IVF cycles involving down-regulation with a long
acting GnRH agonist, P supplementation (50 mg/day administered IM or 200-600
mg/day administered vaginally) yields significantly higher PRs, compared with treat-
ment with placebo or no treatment. Luteal phase supplementation with HCG is asso-

ciated with greater risk for OHSS compared with supplementation with P.

Although maternal exposure to exogenous progestogens during early pregnancy has been
associated with an increased risk of hypospadias in their infants, the risk appears to be li-
mited to treatment with progestins that bind to the androgen receptor. There is no evidence
to indicate that maternal exposure to P or 17-OHP during pregnancy increases risk for birth

defects.
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