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Abstract

The cross-talk between the embryo and the endometrium, leading to implantation, is a complex, dynamic and highly
controlled phenomenon. Over the last decade, a large amount of translational and clinical research has been carried out in an
attempt to increase the likelihood of pregnancy in in vitro fertilisation (IVF). The purpose of this article was to review the
literature on the effectiveness of adjuvant therapy in IVF and to provide fertility professionals with evidence-based guidance
and recommendations. Clinicians who decide to prescribe therapies for which the evidence base is weak, should make
patients aware of this lack of knowledge and potential adverse effects. There is a need for good clinical trials in many of the
areas surrounding medical adjuncts in IVF to resolve the empirical/evidence divide.
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Introduction

Implantation failure is a devastating event for couples
undergoing i vitro fertilisation (IVF) and a formid-
able clinical challenge to their fertility specialists. As
a consequence of significant emotional distress,
couples are often desperate enough to try any
procedure that may boost their chance of conceiving
or fertility performance. Testing of adjuvant thera-
pies in properly conducted randomised controlled
trials (RCTs) should be mandatory so that potential
benefits and risks are presented to patients and
clinicians, but unfortunately, there is little consensus
about which therapeutic strategies are genuinely
effective in enhancing the chance of a live birth after
IVF.

Endometrial function is complex and dynamic but
clearly has a role to play in embryo implantation and
thus the outcome of IVF treatment, but reliable
diagnostic tests to assess endometrial function both
in natural and IVF cycles are lacking. Sub-optimal
uterine perfusion, endometrial immune-hostility,
increased myometrial activity and luteal phase defect
have all been suggested as possible causes of sub-

fertility and failed implantation after IVF. The
quality of studies which have investigated the role
of adjuvant therapies on these conditions is variable,
leading to debatable interpretation of the results.
Although some studies are graded A based on the
available evidence, most are underpowered and
further trials are required to produce a clear answer
to many of the questions posed.

Aims

This scoping document aims to review the available
literature on adjuvant therapies in IVF cycles and to
provide fertility professionals with evidence-based
guidance. It includes recommendations to enhance
good clinical practice.

Scope

The scope of the document includes the effects on
IVF success rate and pregnancy outcome of immune
testing and therapy, steroids, vasodilators and
uterine relaxants, aspirin, heparin, growth hormone
(GH) and oestradiol supplementation.
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Methodology

A search of two online databases (MEDLINE and
EMBASE) was performed using the following key-
words: IVF, pregnancy, immune testing and
therapy, steroids, vasodilators, uterine relaxants,
aspirin, heparin, GH and oestradiol (E,) supplemen-
tation. The articles retrieved together with the
Proceedings/Abstracts of relevant conferences were
hand-searched to identify other potentially relevant
studies for inclusion. Additional gross searches were
performed using the names of investigators who were
the lead authors of at least one previously published
randomised trial. The literature search, quality rating
of studies and interpretation of data were indepen-
dently undertaken by all the authors, and then
verified by the lead author. The levels of evidence
used in this article are shown in Table 1.

All the eligible studies that investigated the role of
adjuvant therapies in IVF cycles were included.
Studies in which adjuncts were given to patients with
known medical conditions such as recurrent mis-
carriage, and in assisted conception treatments other
than IVF with or without intracytoplasmic sperm
injection (ICSI), were excluded.

Qutcome measures

The outcome measures are those usually adopted in
IVF cycles, including response to ovarian stimulation
treatment, pregnancy rate, live birth rate and fetal—
maternal complications, if data are available.

Table I. Levels of evidence.

Hierarchy of evidence
la. Systematic review and meta-analysis of randomized con-
trolled trials (RCTsSs).
1b. At least one randomized controlled trial.
2a. At least one well-designed controlled study without
randomization.
2b. At least one other type of well-designed quasi-experimental
study.
3. Well-designed non experimental descriptive studies, such as
comparative studies, correlation studies or case studies.
4. Expert committee reports or opinions and/or clinical
experience of respected authorities.

Grade strength of evidence

A Requires at least one RCT as part of a body of literature of
overall good quality and consistency addressing the specific
recommendations. (Evidence levels 1a, 1b)

B Requires the availability of well-controlled clinical studies but
no randomized clinical trials on the topics of recommenda-
tion. (Evidence levels 2a, 2b, 3)

C Requires evidence obtained from expert committee reports of
opinions and/or clinical experiences of respected authorities.
Indicates an absence of directly applicable clinical studies of
good quality. (Evidence level 4)

GPP Good practice point

Immune testing and therapy

In recent years, there has been much interest in the
possible immune causes and potential immune
therapies for sub-fertility. The immunological ab-
normalities potentially relevant to IVF outcomes as
well as the evidence for treating patients found to
have such abnormalities are revisited in the literature
on a continuous basis (RCOG Scientific Advisory
Committee, Opinion Paper 5, 2008).

Immune testing
Natural killer cells

Natural killer (NK) cells are lymphocytes that are
part of the innate immune system. They are
characterised by their expression of the cell surface
antigens, CD56 and CD16, and the lack of expres-
sion of CD3. CD-56 is expressed at differing
intensity on the cell surface of NK cells; based on
this they are divided into two distinct populations.
The majority of peripheral blood NK cells are CD-
56 dim CD16+ (90%), the remaining peripheral NK
cells are CD-56 bright CD16 — (10%). The majority
of uterine NK cells are CD56 bright CD16—.
Uterine NK cells are the predominant leukocyte
population in the uterine mucosa at the time of
implantation (Moffett-King, 2002). The NK cells are
also present in the endometrium of non-pregnant
women and their numbers vary throughout the
menstrual cycle. Numbers increase during the
secretory phase of the cycle and remain high during
early gestation. Despite their name, there is no
evidence that uterine NK cells have the ability to kill
placental trophoblast (Abadia-Molina et al., 1996).
Some authors have found lower percentages of
CD56 bright CD16— NK cells and higher percen-
tages of CD56 dim CD16+ NK cells in patients with
recurrent miscarriage (Quenby et al., 1999; Dosiou &
Giudice, 2005) and poor IVF outcome (Thum et al.,
2004). Conversely, other researchers have unable to
demonstrate a relationship between uterine NK cells
and repeated (three or more) implantation failures
after IVF (Matteo et al., 2007). There is a lack of
robust evidence to suggest that measuring uterine
NK cells is clinically useful in predicting the
outcome of IVF treatment. Nevertheless, it has
become increasingly common to examine peripheral
blood NK cells in women with sub-fertility and a
history of recurrent implantation failure. This ap-
proach has two main problems. First, uterine NK
cells are different from those in peripheral blood.
Second, the percentage of CD56+ NK cells in
peripheral blood in healthy individuals varies be-
tween 5 and 29% (Bisset et al., 2004). Thus, the
finding of greater than 12% NK cells in blood of



women with recurrent failed IVF treatment has been
arbitrarily defined as abnormally raised (Beer et al.,
1996). Other studies (Coulam & Roussev, 2003;
Thum et al., 2004) investigating the relationship
between the percentage of peripheral blood NK cells
and the IVF outcome have reached similar conclu-
sions on the same doubtful premise.

Recommendation(s).

The evidence that measurements of the numbers or
percentages of peripheral blood NK cells, or levels of
activated peripheral NK cells relate to events in the
endometrium at the time of implantation is very
weak. (B)

Antiphospholipid antibodies

Antiphospholipid antibodies (APA) are a hetero-
geneous group of about 20 antibodies directed
against phospholipid binding proteins. The only
antibodies in this group of known clinical signifi-
cance are the lupus anticoagulant (ILA) and the
anticardiolipin antibody (ACL) (Wilson et al.,
1999).

The antiphospholipid syndrome (APS), charac-
terised by the presence of anticardiolipin antibodies
and/or LA, is a recognised and treatable cause of
recurrent miscarriage (Miyakis et al., 2006). How-
ever, the relevance of finding APS in the context of
sub-fertility and IVF failure is much less clear.

The prevalence of APA in the general population
is around 10% (Lim & Crowther, 2007). Some
researchers have found a high incidence of APA
in infertile women undergoing IVF treatment
(Birkenfeld et al., 1994; Denis et al., 1997; Kutteh
et al., 1997; Yetman et al., 1997; Eldar-Geva et al.,
1999). In cases of recurrent implantation failure,
defined as three or more failed IVF cycles, Qublan
et al. (2006) found that ACL and LA were increased,
though not significantly. However, there was a
statistically significant increase in combined throm-
bophilias, including Factor V Leiden mutation,
prothrombin mutation, methylenetrahydrofolate re-
ductase mutation, protein C, S and anti-thrombin
III, in women with recurrent IVF failure.

A recent small observational study suggested that
the pregnancy and live birth rate after IVF is
significantly decreased in women with APAs (Lee
et al.,, 2007). A meta-analysis (Hornstein et al.,
2000) has compared the outcomes of treatment in
APA-positive and APA-negative women who re-
ceived no immune treatments. In this analysis,
2,053 women were included of whom 34% were
found to be APA positive. The combined clinical
pregnancy rate was 57% in the APA-positive
patients compared with 49.2% in the APA-negative
patients. The live birth rate was 46% in the APA
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patients and 42.9% in the APA-negative patients. In
other words, the presence of APA exerted no
statistically significant effect on the chance of
clinical pregnancy or live birth.

Recommendation(s).
Routine testing for APA before IVF is not necessary.
A

Testing for thrombophilias may be relevant in patients
with a history of repeated implantation failure. (C)

Other autoantibodies

The prevalence of antinuclear antibodies in patients
with recurrent failed implantation after Assisted
Reproductive Technologies (ART) is increased in
some studies (Cubillos et al., 1997; Stern et al.,
1998; Kaider et al., 1999; Taniguchi, 2005), whereas
no differences have been found in other reports
(Geva et al., 1994; Kikuchi et al., 2003).

A study of 688 women undergoing ART reported
that there was no difference in the prevalence of anti-
thyroid antibodies in sub-fertile women compared
with fertile normal controls (Kutteh et al., 1999a).
Similarly, other studies have found no difference in
biochemical pregnancy rate, clinical pregnancy rate
or live birth rate between women who are positive or
negative for thyroid antibodies (Kutteh et al., 1999b;
Negro et al., 2007).

Ovarian autoantibodies are increased in women
with sub-fertility (Luborsky et al., 1999) and before
assisted conception treatment (Geva et al., 1996).
However, the high number of false-positive results
and the variable detection methods make tests
for ovarian antibodies unreliable (Pires et al.,
2007).

Recommendation(s).

The association between nuclear, thyroid and ovarian
autoantibodies with IVF outcome is unproven. Testing
for these autoantibodies is therefore not recommen-
ded. (B)

Shared human leucocyte antigen

It has been suggested that couples who share
multiple human leucocyte antigen (HILA) may be
more likely to have unexplained sub-fertility, failed
implantation and miscarriage. The association re-
mains a matter of debate with some authors
reporting a link between unexplained sub-fertility
and failed IVF with increased sharing of HLLA (Ho
et al., 1994; Creus et al., 1998; Omu et al., 1999),
whereas others have failed to show any association
(Nordlander et al., 1983; Martin-Villa et al., 1993;
Check et al., 2001).
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Recommendation(s).

Alloimmune testing is not necessary because there is lack
of studies to confirm that increased sharing of HLA
between partners leads to IVF failure. (C)

Immune therapies
Intravenous vmmunoglobulins

Intravenous immunoglobulin (IVIG) therapy has
been advocated as ad-hoc treatment for recurrent
implantation failure after IVF, or associated patients
with raised peripheral NK cells, positive antithyroid
or APA and shared HILAs. The mode of action of
IVIG therapy is far from understood, but possible
mechanisms include the downregulation of periph-
eral NK cells, decreased NK cell activity and
downregulation of auto-antibody production. Stu-
dies in the available literature suffer from poor design
and some of them are methodologically flawed.

A small uncontrolled study has suggested an
increase in live birth rate in women defined as having
raised peripheral NK cells (Coulam & Goodman,
2000). However, it is difficult to justify the use of
IVIG in these cases, as there is no conclusive
evidence that raised peripheral NK cells cause
implantation failure. Sher et al. (1998a,b,c) have
reported an increase in live birth rate after using
IVIG in combination with heparin and aspirin in
women who were either ACL- or thyroid antibody-
positive. In a recent case, a series of 10 patients with
multiple shared paternal leukocyte antigens and
recurrent IVF implantation failure, the pregnancy
rate increased to 50% per treatment cycle after
intravenous treatment with immunoglobulins (Elram
et al., 2005).

One small uncontrolled study has suggested a
benefit in the use of IVIG in women with failed
implantation after IVF (Coulam et al., 1994).
Conversely, a case series (Balasch et al., 1996) and
a placebo-controlled, randomised trial (Stephenson
& Fluker, 2000) which included 51 couples, showed
no benefit in the use of immunoglobulin therapy in
patients with previous unexplained IVF failure.
Trials carried out to date have not had sufficient
power to detect small differences in pregnancy or live
birth rates, and larger RCT's are warranted. Further,
the clinical guidelines for immunoglobulin use
recently published by the Department of Health
(2008) do not support the use of IVIG for IVF
failure.

It must be remembered that as immunoglobulins
are a pooled blood product, which have an associated
risk of anaphylaxis (Sherer et al.,, 2001) and,
presumably, infection. Moreover, IVIG therapy is
associated with other complications in up to 36% of
cases (Katz et al., 2007). The most adverse effects

are mild and transient, and include headache,
malaise, flushing, fever, nausea, blood pressure
changes and tachycardia. Late adverse effects — renal
failure, aseptic meningitis, thromboembolic events
and hemolytic anaemia — are rare (Katz et al., 2007).

Recommendation(s).
There is no evidence for the use of IVIG as adjunctive
therapy for recurrent failed IVF cycles. (A)

Tumor necrosis factor-alpha

A significantly increased T helper 1 (Thl) cytokine
response may be the underlying immunological
cause for poor reproductive performance and im-
plantation failure after IVF (Ng et al., 2002; Kwak-
Kim et al., 2003). In witro experiments have
demonstrated that expression of the pro-inflamma-
tory cytokine tumor necrosis factor-alpha (TNF-«)
has a role in inducing endometrial cell apoptosis
(Okazaki et al., 2005). The authors of an observa-
tional study, including 14 women undergoing IVF,
concluded that women with a history of recurrent
IVF failure have a Th1 bias as shown by an increased
TNF-o:IL-4 ratio, and that the Thl:Th2 ratio is
increased following controlled ovarian hyperstimula-
tion (Kalu et al., 2008). However, the small sample
size makes it impossible to draw any definite
conclusions. Thum et al. (2007) found a direct
association between systemic TNF-o and activated
NK cells, but failed to demonstrate a significant
correlation between serum levels of TNF-« and IVF
treatment outcome. Similarly, a previous study of
159 IVF patients showed that maternal circulating
concentrations of TNF-a do not predict the outcome
of IVF cycles (Fasouliotis et al., 2004). Furthermore,
anti-TNF-o agents (infliximab and etanercept) may
lead to the development of granulomatous disease,
lymphoma and demyelinating disease. Well de-
signed, properly powered trials are warranted to
establish the effectiveness and safety of immune
suppressants in women of reproductive age under-
going IVF.

Recommendation(s).

There is no indication for the use of TNF-z immune
therapy in women undergoing IVF because of the lack of
studies investigating its role and safety. (GPP)

Steroids

Glucocorticoids are steroid hormones with anti-
inflammatory and immunosuppressive properties. It
has been suggested that the use of glucocorticoids
may modulate the uterine environment by altering
the cytokine production and decreasing the number



of uterine NK cells. The use of steroids has been
advocated routinely in IVF cycles and in women
known to have autoantibodies.

Recently, a Cochrane review of 13 properly
designed RCTs including 1,759 couples considered
whether steroids are effective for increasing clinical
outcomes in sub-fertile women undergoing IVF/
ICSI, compared with placebo administration or no
glucocorticoids (Boomsma et al.,, 2007). The
primary outcome measure was live birth rate per
couple, whereas the secondary outcome measures
were ongoing pregnancy rate per couple and
pregnancy rate per couple. Live birth rate and
ongoing pregnancy rate were only reported in three
trials and analytical pooling showed no significant
difference (OR 1.21, 95% CI 0.67-2.19 and
OR 1.15, 95% CI 0.76-1.75, respectively). Analy-
sis of the whole data set (13 RCTs) showed no
significant improvement in pregnancy rates (OR
1.15, 95% CI 0.93-1.43). However, a subgroup
analysis of six trials, including 650 subjects (335
in the glucocorticoids study group and 315
controls) undergoing conventional IVF alone,
demonstrated a significantly higher pregnancy rate
(OR 1.5, 95% CI 1.05-2.13) following steroid
administration.

A number of articles have examined the use of
corticosteroids in women known to have autoantibo-
dies. Steroids alone or in combination with low-dose
aspirin have been shown to have a beneficial effect on
pregnancy rate in Anti Nuclear Antibodies (ANA)-
positive women undergoing IVF (Ando et al., 1996;
Hasegawa et al., 1998; Geva et al., 2000; Taniguchi,
2005). However, the only study to report on live birth
rate did not find any statistically significant improve-
ment in success rate (Taniguchi, 2005).

Recommendation(s)
There is no evidence to support the routine use of peri-
implantation steroids in ART cycles. (A)

There is limited evidence that peri-implantation steroid
administration may improve pregnancy rates in women
undergoing IVF alone. However, the results are of
borderline statistical significance and need to be
confirmed in a suitably powered, RCT designed
specifically to address this issue. (A)

Vasodilators

As inadequate endometrial thickness may be a cause
of implantation failure, it has been speculated that an
appropriate increase in endometrial thickening may
enhance the success of IVF treatment. It is further
argued that since endometrial receptivity may relate
to a poor endometrial blood supply, enhanced
endometrial vascularity might increase implantation
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rates through endometrial development, particularly
in women with apparent sub-optimal endometrial
development.

Mechanisms for vasodilatation

Nitric oxide. Nitric oxide (NO) has a significant
local regulatory role in vascular physiology. On
exposure to nitric oxide synthetase inhibitor, post-
ovulation increases pregnancy failure (Sengupta
et al., 2005). NO acts directly as a vasodilator via a
cyclic GMP (cGMP)-dependent mechanism or via
the induction of matrix metalloproteases, which have
a role in remodelling the extracellular matrix during
implantation (Zhang et al., 2004).

Nitroglycerine. Following a promising pilot study,
Ohl et al. (2002) randomised 138 IVF patients with a
history of implantation failure to receive either the
NO donor nitroglycerine (NTG) (70 subjects) or
placebo (68 subjects). The women had an average of
3.9 previous treatment failures. The NTG patches
were applied regularly from the day before embryo
transfer until the treatment outcome was known.
There were no significant differences in treatment
response (oocytes retrieved, oocyte maturity, embryo
cleavage rates, number of good quality embryos at
transfer), implantation rate, biochemical and clinical
pregnancy rates, live birth rates or pregnancy
complications.

Viagra. Viagra (sildenafil citrate) augments the
vasodilatory effect of NO. As a Type-5 specific
phosphodiesterase inhibitor, it blocks the degrada-
tion of cGMP through which NO acts. Sher and
Fisch (2000) administered sildenafil citrate fol-
lowed by placebo, then sildenafil citrate and
oestradiol valerate to four women in a cross-over
trial while they were being down-regulated with a
gonadotropin-releasing hormone (GnRH) analo-
gue. The findings were that uterine artery Pulsa-
tility Index (PI) fell in all of the women during
administration of sildenafil and sildenafil plus
oestrogen during down-regulation and reverted to
baseline during the placebo phase. Endometrial
thickness in three women increased to >10 mm
during the oestrogen/sildenafil phase and this was
reproduced in the treatment cycle, resulting in a
pregnancy in each case. The fourth woman had no
increased endometrial thickness and failed to
conceive. Check et al. (2004) found that the
addition of Viagra to an oestrogen-supplemented
regime had no effect on endometrial thickness or
blood flow in women who had previously failed to
achieve an endometrial thickness of greater than
8 mm in fresh IVF or frozen embryo transfer
cycles.
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Recommendation(s).

Neither NTG nor sildenafil citrate have been shown to
have significant beneficial effects on IVF outcome and
their use cannot be supported. (A)

Uterine relaxants

Uterine contractile activity occurs throughout the
menstrual cycle but varies with cycle stage (van
Gestel et al., 2003). It has been hypothesised that
adverse uterine contractility at the time of embryo
transfer may occur as a result of the early timing of
transfer in the luteal phase, the supraphysiological
hormonal milieu and the mechanical stimulus of the
transfer procedure itself (Morizaki et al., 1989).
Lesny et al. (1998) reported increased uterine
activity during IVF as opposed to natural cycles,
and an earlier study by Knutzen et al. (1992)
concluded that contractions result in potentially
expulsive activity, which may have a detrimental
effect on embryo implantation. Interestingly, it has
been suggested that abnormal contractile waves may
also increase the rate of ectopic pregnancy and that
increased uterine tone may contribute to difficult
transfers (Shaker et al., 1993). Some authors have
hypothesised that the administration of uterine
muscle relaxants might improve success following
embryo transfer.

Nitroglycerine

NTG is a NO donor vasodilator that by virtue of its
smooth muscle relaxant properties also relaxes
uterine muscle. Shaker et al. (1993) found no
benefit of NTG administration 3 min before em-
bryo replacement on the ease of transfer or
pregnancy rate.

Pa-adrenergic antagonists

Ritodrine, terbutaline and salbutamol have all been
used as muscle relaxants in preterm labour and for
extrauterine fetal manipulation. Pinheiro et al.
(2003) compared the effects of ritodrine and terbuta-
line, administered for 2 weeks following oocyte
retrieval. There was no benefit in the implantation
and pregnancy rates. As with premature labour, the
use of these agents was limited in some women by
unacceptable side-effects.

Progesterone

Progesterone promotes uterine quiescence and is
believed to have a role in preventing the premature
onset of labour. Fanchin et al. (1998), while under-
taking ultrasound assessment of uterine contractions
on the day of embryo transfer in 209 women, found

that increased contractile activity was associated with
reduced implantation rate, clinical pregnancy rate
and ongoing pregnancy rate, and that high levels of
activity correlated negatively with serum progester-
one concentrations. The authors considered their
data a stimulus to further investigation of uterine
relaxants in IVF cycles.

Recommendation(s).

There is no good evidence to support the use of uterine
relaxants in IVF cycles as their effect(s) remains to be
defined.

Uterine relaxants should not therefore be used to
improve IVF outcome. (GPP)

Aspirin

Low-dose acetylsalicylic acid (aspirin) irreversibly
inhibits the enzyme cyclo-oxygenase in platelets,
preventing the synthesis of the vasoconstrictive agent
thromboxane. The daily administration of aspirin in
low doses induces a shift from thromboxane A, to
prostacyclin, leading to vasodilatation and increased
peripheral blood perfusion (Patrono et al., 2005).

Impaired uterine perfusion has been suggested as a
possible cause of sub-fertility (Goswamy & Steptoe,
1988) because of a negative effect on endometrial
receptivity, which in turn may cause embryo
implantation failure (Steer et al., 1992). The
evidence supporting the effect of low-dose aspirin
in women undergoing IVF is, however, poor and
controversial. Although some papers have reported
some beneficial effects of aspirin (Rubinstein et al.,
1999; Waldenstrom et al., 2004), others have failed
to confirm these findings (Urman et al., 2000; Hurst
et al., 2005; Pikkild et al., 2005; Frattarelli et al.,
2008). One RCT demonstrated that adjuvant ther-
apy with aspirin and prednisolone did not improve
uterine blood flow, implantation and pregnancy rates
(Revelli et al., 2008).

In a recent meta-analysis, Gelbaya et al. (2007)
included six RCTs that investigated the effects of
aspirin on IVF outcome. Of these, four studies
reported on the effect of low-dose aspirin in women
undergoing IVEF/ICSI (Rubinstein et al.,, 1999;
Urman et al., 2000; Waldenstrom et al., 2004;
Pikkilé et al., 2005), one study reported on the effect
of low-dose aspirin on poor responders (Lok et al.,
2004) and a further one the effect of low-dose aspirin
in patients undergoing embryo transfer from donated
oocytes (Weckstein et al., 1997). Waldenstrom et al.
(2004) found that pregnancy rate per Embryo
Transfer (ET) was significantly higher in patients
who received low-dose aspirin from the day of
ET than in those who received no treatment.
Conversely, the meta-analytical pooling of three



trials (Rubinstein et al., 1999; Urman et al., 2000;
Pikkil4 et al., 2005) reporting on clinical pregnancy
rate per cycle did not show a significant difference
between the two groups (RR 1.12, 95% CI 0.78-
1.59). In keeping with these findings, meta-analysis
of the randomised trials included (Rubinstein et al.,
1999; Urman et al., 2000; Waldenstrom et al., 2004;
Pikkila et al., 2005) failed to show a statistically
significant difference between the two groups in
clinical pregnancy rate per embryo transfer (RR 1.12,
95% CI 0.91-1.37). Furthermore, a meta-analysis of
the two trials (Waldenstrom et al., 2004; Pakkilda
et al.,, 2005) that reported on live birth rate per
embryo transfer found no difference (RR 1.08, 95%
CI 0.83-1.40). Low-dose aspirin had no effect on
clinical pregnancy rate per cycle or embryo transfer
or on cycle cancellation in poor responders under-
going IVF (Lok et al., 2004) and had no beneficial
effects on pregnancy outcome in recipients of
donated oocytes (Weckstein et al., 1997). Another
systematic review and meta-analysis on the use of
aspirin in IVF cycles published by Khairy et al.
(2007) reached the same conclusions. By contrast,
other authors have reported opposite findings after
meta-analytical pooling (Ruopp et al.,, 2008).
Discrepancies between manuscripts, including the
statistical approach and the validity of the meta-
analysis, have been addressed in a letter-to-the-editor
(Gelbaya et al., in press). The main concern with the
analysis of Ruopp et al. (2008) was that the use of
fixed-effects model, instead of the random-effects
model, in the presence of heterogeneity between the
studies shrinks the confidence interval of the
summary estimate leading to an erroneous, statisti-
cally significant, result. Further, in contrast to the
study of Ruopp et al. (2008), Gelbaya et al. (2008)
excluded studies that were not randomised and those
that investigated the use of low-dose aspirin only in
specific subgroups.

The effect of aspirin administration in the first
trimester of pregnancy on the risk of congenital
malformations and specific fetal anomalies has been
analysed. A meta-analysis including 22 studies
incorporating 16,138 exposed and 48,980 controls
did not demonstrate an overall increase risk in
congenital malformations. A subgroup analysis of
261 cases found that the use of aspirin in the first
trimester of pregnancy was associated with a
significantly increased risk of gastroschisis (OR
2.37, 95% CI 1.44-3.88) (Kozer et al., 2002).
However, this meta-analysis was limited by the
heterogeneity of the studies available in the literature,
including their design and methodologies. For
instance, low socioeconomic status, lack of informa-
tion regarding the dose of aspirin given and the use of
other drugs at the same time of aspirin could be
regarded as confounding factors. Further, rigorously
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designed adequately powered studies are required to
investigate the association between aspirin treatment
and the risk of fetal malformations.

Recommendation(s)

Given the lack of proven efficacy on likelihood of
pregnancy aspirin as adjunctive therapy in IVF should
not be prescribed. (A)

Heparin

Heparin is an established anti-coagulant treatment
option for women with recurrent early pregnancy
loss and APS (Empson et al.,, 2005). Whether
heparin alone or in combination with low-dose
aspirin improves the pregnancy outcome in sub-
fertile autoantibody-positive women with IVF im-
plantation failure is wuncertain. The up-to-date
evidence suggests a significant relationship between
anticardiolipin antibodies and recurrent miscarriage
(Opatrny et al., 2006), however, the mechanisms of
implantation failure by APA and ANA require
further investigation. On the assumption that the
altered thrombotic status leading to coagulation
disorders could interfere with the different stages of
embryo implantation (Chamley et al., 1998; Di
Simone et al., 2000), heparin therapy is sometimes
given in women undergoing IVF. Moreover,
data in the literature show that activation of the
coagulation cascade and impairment of fibri-
nolysis occur during controlled ovarian stimulation
and are more pronounced in women with
ovarian hyperstimulation syndrome who have un-
successful pregnancy outcomes (Rogolino et al.,
2003).

Interestingly, there are only a few heterogenous
studies investigating the role of anticoagulant therapy
in women with acquired thrombophilia undergoing
IVF. Two studies reported no significant differences
in IVF implantation and pregnancy rates in APA-
positive patients treated with heparin and low-dose
aspirin (Schenk et al., 1996; Kutteh et al., 1997). In a
double-blind cross-over RCT, Stern et al. (2003)
randomised 143 autoantibody-positive women who
had >10 failed ET cycles. All subjects received
unfractionated heparin 5,000 U twice daily and low-
dose aspirin 100 mg or placebo from the day of
embryo transfer until 14 weeks of gestation or fetal
demise. Implantation rate and pregnancy rate per
transfer were similar between treatment and placebo
groups. However, the study has been criticised for its
crossover design, which did not allow for the
exclusion of the potential hangover effects of aspirin
in the selected cohort of patients. Nelson and Greer
(2008) in their systematic review of the role of
heparin in ART suggested that women with
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either definitive APS (as defined by Miyakis et al.,
2006) or repeated IVF implantation failure and
antiphospholipid seropositivity should be started on
Low Molecular Weight Heparin (LMWH) and
aspirin at the time of ovarian stimulation and
continued throughout pregnancy. The authors iden-
tified six studies, two of which were RCTs, including
a total of 1,792 subjects with APA. The pregnancy
rate per patient was 41.8% (563/1,344) in the
heparin and aspirin arm and 27.2% (122/448) in
the control arm (p < 0.001). However, one of the
studies (n =81) was only a personal communication,
not published at the time of writing, and again all the
studies included were heterogeneous in design and
entry criteria.

Recommendation(s)

Given the lack of trials investigating the role of heparin
alone and in combination with low-dose aspirin in the
general IVF population, treatment should be avoi-
ded. (C)

Pragmatic treatment with LMWH and low-dose aspirin
would be appropriate in women with APS and in those
with APA and repeated implantation failure. (C)

Growth hormone

The expression of GH and its receptor has been
reported in human ovaries (Abir et al., 2008),
suggesting that this hormone may be involved in
primordial follicular growth in humans. Interest-
ingly, these data follow previous studies that have
investigated the efficacy of GH supplementation
during controlled ovarian hyperstimulation with
exogenous gonadotrophins for IVF. In a cohort of
poor responders, Kim et al. (1999) found that co-
treatment with pyridostigmine, a GH releasing agent,
enhanced the ovarian response to stimulation and
resulted in a non-statistically significant higher
clinical pregnancy rate. Recently, similar findings
were reported by Kucuk et al. (2008) in a small RCT
where daily subcutaneous injections of GH were
given throughout the stimulation cycle. In contrast,
another RCT failed to demonstrate a beneficial effect
of GH adjuvant therapy for IVF in poor responders
(Dor et al., 1995). An updated Cochrane review of
nine trials, including a total of 401 subjects,
demonstrated that in patients with no history of
poor response to stimulation, the use of GH therapy
did not affect live-birth rate, while in poor responders
adjuvant GH treatment resulted in an increase in
live-birth rate that just reached statistical significance
(Harper et al., 2003). The authors therefore con-
cluded that before giving GH in IVF cycles further
studies are warranted, and that until they are
completed, this compound should only be used in

the context of clinical research. Furthermore, in
2004, (spell out for non-UK-based practitioners) —
the UK National Institute of Clinical Excellence
(NICE) recommended that GH treatment should
not be used as adjuvant to IVF because of the lack of
significant improvements in pregnancy rates (NICE,
2004).

Recommendation(s)
Currently, there is no indication for the use of GH
adjuvant therapy in IVF cycles. (GPP)

Oestradiol supplementation

Oestradiol (E,) is essential for endometrial prim-
ing, but is also responsible for proliferation of the
uterine surface epithelium, glands, stroma and
blood vessels. The role of E, in the luteal phase,
including the preparation of the endometrium for
embryo implantation, remains unclear, while its
depletion in the human luteal phase does not
appear to affect the morphological developmental
capacity of the endometrium adversely (Younis
et al., 1994).

Early studies suggested that in the luteal phase of
an IVF cycle, serum E, and progesterone (P4) drop
to low levels resulting in reduced implantation and
pregnancy rates (Hutchinson-Williams et al., 1989).
The defect in luteal phase is more pronounced in
GnRH-agonist (GnRH-a) long protocols compared
with short protocols (Devreker et al., 1996), and is
present even after an early cessation of GnRH-a
administration (Beckers et al., 2000). The benefit of
additional luteal supplementation with E, is however
controversial. Some reports (Fahri et al., 2000;
Gorkemli et al., 2004; Lukaszuk et al., 2005) have
found that combined luteal phase support with E,
and P4 was associated with higher pregnancy rates
per embryo transfer, while others (Smitz et al., 1993;
Lewin et al., 1994; Tay & Lenton, 2003) failed to
observe any beneficial effect on IVF outcomes. This
was recently confirmed in a series of RCTs
(Engmann et al., 2008a,b; Serna et al., 2008).
Furthermore, a meta-analysis of 10 RCTs published
between 1993 and 2007 demonstrated that the
implantation rate (RR 1.05, 95% CI 0.81-1.36),
clinical (RR 1.19, 95% CI 0.74-1.90) and ongoing
(RR 1.37, 95% CI 0.81-2.30) pregnancy rates per
embryo transfer were not significantly different
between women who had combined E, and P4
therapy and those who had P4 supplementation
alone for luteal phase support (Gelbaya et al., 2008).
Subgroup analyses according to the dose of E,
administered (2, 4 and 6 mg) suggested similar
trends toward favourable outcomes in the group
given E, and P4, but conclusions regarding the
optimal dose and the length of treatment were not



possible because of the limited number of trials
(Gelbaya et al., 2008).

Recommendation(s)
Current evidence shows no beneficial effects of luteal E,
supplementation in IVF. (A)

Oestradiol supplementation should only be used in
recipients of donated oocytes and in patients with
hypogonadotrophic hypogonadism. (GPP)

Recommendations for practice

Fertility practitioners should be aware, and
always inform their patients, of the best available
evidence about the safety and the clinical effective-
ness of diagnostic tests and treatments offered.
Clinicians who decide to prescribe unproven
therapeutic approach are obliged to discuss with
their patients the lack of evidence for clinical
benefits and all the potential adverse effects to
mother and fetus.

This document is based on the interpretation of
the best currently available data. There is a clear
need for further, appropriately powered, RCTs to
provide robust answers. Nevertheless, though there
is concerted agreement that further studies are
required, at this point in time consideration should
be given to the following recommendations:

1. There is lack of robust evidence to suggest
that measuring uterine NK cells is clinically
useful in predicting the outcome of IVF
treatment (Grade B).

2. Routine testing for APA before IVF is not
necessary (Grade A).

3. Testing for thrombophilias may be relevant
in patients with a history of repeated
implantation failure (Grade C).

4. The association between nuclear, thyroid
and ovarian autoantibodies with IVF out-
come is unproven. Testing for these auto-
antibodies is of no benefit (Grade B).

5. There is no evidence that alloimmune
testing is useful in IVF management (Grade
C).

6. There is no evidence for the use of IVIG as
adjunctive therapy for recurrent failed IVF
cycles (Grade A).

7. Because of the lack of studies investigating
the role and the safety of TNF-alpha
immune therapy in women undergoing
IVF, there is no indication for its use (Grade
O).

8. There is no evidence to support the routine
use of peri-implantation steroids in ART
cycles (Grade A).
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9. There is limited evidence that peri-
implantation steroid administration may
improve pregnancy rates in women under-
going IVF alone. These results need to be
confirmed in a suitably powered, RCT
designed specifically to address this issue
(GPP).

10. Neither NTG nor sildenafil citrate has
beneficial effects on IVF outcome, and
should not be used (Grade A).

11. Uterine relaxants are not to be used to
improve IVF outcome as their effect remains
unknown (GPP).

12. Given the lack of proven efficacy on like-
lihood of pregnancy aspirin as adjunctive
therapy in IVF should not be prescribed
(Grade A).

13. There is no evidence that heparin alone and in
combination with low-dose aspirin improves
IVF treatment success rate (Grade C).

14. Pragmatic treatment with LMWH and low-
dose aspirin would be appropriate in women
with APS and in those with APA and
repeated implantation failure (Grade C).

15. Because of the limited evidence on the role
of GH adjuvant therapy in IVF, there is no
indication for its use (Grade A).

16. The current evidence shows no beneficial
effects of luteal E, supplementation in IVF
(Grade A).

17. Oestradiol supplementation should only be
used in recipients of donated oocytes and in
patients with hypogonadotrophic hypogo-
nadism (Grade C).
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