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Elective single versus double embryo transfer
Transfer of embryos one at a time is as effective and safer
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This year, belatedly, Robert Edwards received the Nobel 
prize for his contribution to the development of human 
in vitro fertilisation. Louise Brown, the first child to be 
conceived after the technique was performed, was born in 
1978. By the mid-1980s enough procedures were being 
performed around the world to get an idea of success rates, 
which became the early obsession. Around this time the 
main problem with the treatment also came to light—the 
increased incidence of high order multiple births. Twin 
birth is now the major problem, and in the linked study 
McLernon and colleagues compared the effect of elective 
single embryo transfer versus double embryo transfer on 
pregnancy outcomes.1 

In the beginning, clinicians transferred too many 
embryos, often as many as they had available. The initial 
data seemed to support this practice, with lower pregnancy 
rates when only one or two embryos were transferred com-
pared with three or more. It was less well understood that 
the outcome was worse when only one or two embryos 
were available than when a pool of embryos was available, 
from which the better ones could be selected.2 Gradually, 
the number of embryos replaced was restricted to two. The 
Human Fertilisation and Embryology Authority was slow 
to promote this, despite the advice of professional bodies,3 
but by about 10 years ago the transfer of more than two 
embryos was exceptional.

This did not reduce the incidence of twins, however. 
Numbers of twins continued to increase and still show 
little reduction in the United Kingdom. In the meantime 
clinicians in Scandinavia decided that one baby was much 
better than two and began to carry out trials of replacing 
just one embryo. First the Finns, then the Swedes, and at 
much the same time the Belgians and then the Dutch began 
to carry out comparative studies of replacing one rather 
than two embryos.4-8 None of these researchers doubted 
the obstetric and neonatal morbidity associated with twin 
pregnancy or the human and economic consequences. The 
focus was determining the best strategy that could main-
tain an acceptable outcome but obviate the risk of twins. 
The aim was a single healthy baby born at term.

McLernon and colleagues report the first meta-analysis 
of clinical trials using data from individual patients in the 
field of infertility.1 The meta-analysis combines individual 
patient data from the five substantial published trials, as 
well as three other unpublished trials of single embryo 
replacement, two of which were stopped. Interestingly, in 
one case the trial was stopped because insufficient women 
were willing to be randomised to single embryo transfer 
and in the other because women were unwilling to be ran-
domised to double embryo transfer.

The meta-analysis showed that replacing one embryo 
twice (one fresh embryo then one cryopreserved embryo 
several months later if needed) gives the same live birth 
rate as replacing two embryos at the same time. However 
with single embryo transfer the singleton live birth rates at 
term are significantly higher (odds ratio 4.93, 95% confi-
dence interval 2.98 to 8.18), and the risk of preterm birth 
(at 24-32 weeks) as well as the delivery of a low birthweight 
baby are significantly lower (0.08, 0.01 to 0.65 and 0.36, 
0.15 to 0.87, respectively). In other words, the risk of twins 
and the attendant morbidity are all but avoided. This is 
important because the embryos needed for single embryo 
transfer can be obtained from one egg recovery procedure, 
and it is that procedure and the ovarian stimulation that 
precedes it that are responsible for the main costs and mor-
bidity associated with in vitro fertilisation treatment.

These observations reflect, unsurprisingly, the out-
come of the largest (Swedish) study that contributed to 
the meta-analysis.5 This study also shows that the costs 
of this approach are hugely beneficial to any healthcare 
system when the costs of managing twin births are taken 
into consideration.9

So why when this information has been available for 
at least five years (the five main studies were published 
between 1999 and 2006) have we not adopted this 
approach in the UK? Many point out that Sweden, the 
Netherlands, Belgium, and Finland have adequate pub-
lic funding of infertility treatment, whereas in the UK and 
even more so the United States, couples often have to find 
the funding themselves. Couples in this situation will 
want to maximise the outcome from one procedure, even 
though the extra costs of cryopreservation and transfer in 
an unstimulated cycle are minimal and, in most hands, the 
procedure is very effective. Some have argued, as discussed 
by McLernon and colleagues, that many infertile couples 
prefer to have twins, although the Swedish and Austral-
ian experience shows that when a successful alternative 
(healthy singleton term pregnancy) is on offer, and the mor-
bidity associated with multiple pregnancy is understood, 
couples choose wisely.

The main problem is clinical leadership. In a commer-
cially competitive environment, clinicians have been dis-
tracted by success rates and do not see the more important 
healthy outcomes. Most fertility doctors no longer practise 
obstetrics, so others look after the consequences of multi-
ple embryo replacement. Single embryo transfer rates vary 
enormously around the world.10 Australia and Japan lead 
the way. In Europe, Sweden, Finland, Belgium, and the 
Netherlands top the list, whereas the US is at the bottom 
of the list.10
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At a time when the beginning of assisted reproduction is 
being recognised as an outstanding contribution to medical 
science, practitioners have a responsibility to develop its 
use wisely. Doctors managing infertile couples are no longer 
entitled to take risks with the health of the next generation.
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Induction of labour for intrauterine growth restriction 
at term
May not be necessary in resource rich settings
The suspicion of fetal growth restriction at or close to 
term is a common clinical scenario, but the management 
of such pregnancies is controversial. Fetuses with growth 
restriction have a higher risk of perinatal morbidity and 
mortality. About 40% of stillbirths have been associated 
with suboptimal fetal growth,1 and the risk of stillbirth 
increases beyond 37 weeks.2 Consequently, when a sus-
pected growth restricted fetus is detected before birth, 
obstetricians often induce labour with the aim of reduc-
ing the risk of stillbirth. However, induction of labour can 
be associated with an increase in operative delivery rates, 
including caesarean section. Thus, other clinicians advo-
cate expectant management, with maternal and fetal mon-
itoring, while awaiting the onset of spontaneous labour.

Little evidence is available to inform best practice 
about the optimum management of the suspected growth 
restricted fetus near term. The linked randomised control-
led study (DIGITAT) by Boers and colleagues compares 
expectant management with induction of labour.3 Women 
with pregnancies complicated by suspected fetal growth 
restriction after 36 weeks’ gestation were randomised to 
induction of labour or expectant management. The pri-
mary outcome was a composite measure of adverse neo-
natal outcome, and the secondary outcome was operative 
delivery. No significant difference was found in either out-
come between study groups.

This is an important study, and will probably inform 
clinical care for the foreseeable future. The absence of 
difference in outcome between the two groups supports 
a strategy of induction of labour or conservative manage-
ment, depending on the wishes of the woman. However, 
several caveats exist. The association between suboptimal 
growth and stillbirth is well accepted, but a study pow-
ered to examine this would require thousands of partici-
pants and may not be feasible because recruitment to the 
DIGITAT trial took four years and involved more than 50 
hospitals.

Thus, it is appropriate to counsel women that, in a 
s uspected growth restricted pregnancy beyond 36 weeks, 
induction of labour may prevent the rare but devastat-
ing outcome of stillbirth. Because this strategy does not 
increase maternal risk, it might be the preferred option for 
many women. Early induction also reduces the propor-
tion of infants born with a birth weight less than the third 
population centile, and outcomes at two years from the 
planned follow-up of this cohort will show whether this 
translates into improved outcomes in childhood.

Secondly, optimal outcome of expectant management 
for the fetus with suspected growth restriction depends 
on a high level of fetal and maternal surveillance. In Boers 
and colleagues’ study, participants allocated to the expect-
ant group were monitored until the onset of spontaneous 
labour with daily fetal movement counts, together with 
twice weekly fetal heart rate tracings, ultrasound exami-
nation, maternal blood pressure measurement, assessment 
of proteinuria, laboratory tests of liver and kidney function, 
and full blood count. Abnormal results prompted earlier 
intervention, and after randomisation more than half of the 
women in the expectantly managed group were induced for 
maternal or fetal indications. This level of fetal monitoring 
may not be universally available in routine clinical practice, 
and the findings of this study should not be extrapolated 
to lower resource settings, where induction of labour may 
be safer. In view of the findings of equivalent maternal and 
fetal outcomes in the current study, an economic analysis 
of the two treatment modalities would also be informative.

A limitation of this study, which the authors acknowl-
edged, is the diagnostic uncertainty surrounding suspected 
fetal growth restriction and how to define it after birth. This 
study used population birthweight centiles to define fetal 
growth restriction. Customised birthweight centiles identify 
more small babies at high risk of morbidity and mortality 
than population centiles,4 and it would have been useful to 
report customised birthweight centiles in each study arm. 
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Babies in the DIGITAT trial born to women who were expect-
antly managed were 130 g heavier and born 10 days later 
than those whose mothers were induced. This may indicate 
that a proportion of babies in this group were still growing 
and not growth restricted but constitutionally small.

A substantial barrier to conducting a study like DIGI-
TAT is that in routine clinical practice fewer than 30% of 
infants who are small for gestational age are identified 
before birth.5 The National Institute for Health and Clinical 
Excellence (NICE) recommends screening for fetal growth 
restriction by performing maternal symphysiofundal height 
measurements using a tape measure. Antenatal detection 
of growth restricted infants may be further increased by use 
of customised fundal height measurements, but even with 
this tool about half of growth restricted fetuses still remain 
undetected.6

The development of a reliable and valid screening test for 
fetal growth restriction would enable antenatal care to be 
matched to clinical need. Identification and surveillance of 
growth restricted fetuses in the low risk population could 
prevent 800 stillbirths in the United Kingdom each year. 
Equally, a test with a high negative predictive value would 

reduce potentially harmful and expensive antenatal inter-
ventions, and considerable cost savings could be made from 
streamlined healthcare. Future research should focus on the 
development of accurate predictive tests as well as research 
into the causes of fetal growth restriction. This would poten-
tially facilitate targeted treatments aimed at preventing fetal 
growth restriction, which could have a substantial global 
health, economic, and societal impact.
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Transmission of HIV to infants whose mothers 
seroconvert postnatally 
Primary prevention is the key

In November 2009, the World Health Organization pub-
lished revised guidelines for the prevention of mother to 
child transmission of HIV in developing countries that will 
extend antiretroviral prophylaxis throughout the breast-
feeding period.1 If implemented fully, the recommenda-
tions promise to reduce vertical transmission rates from 
25-48% to 5% or lower.2  3 This has prompted several prom-
inent international organisations to call for the worldwide 
eradication of AIDS in children.4

In most of the resource poor world, women and chil-
dren bear a disproportionate share of the AIDS burden. In 
sub-Saharan Africa, women account for more than 60% of 
infections, and in the nine countries in southern Africa most 
affected by HIV, prevalence among women aged 15–24 
years is three times higher than that among men of the 
same age.5 Pregnant and lactating women are particularly 
vulnerable to the acquisition of HIV,6 probably because of 
immunological and hormonal changes that affect the geni-
tal tract, and when they seroconvert, their infants are also at 
high risk of infection.7 More than 20% of new HIV infections 
in sub-Saharan Africa occur in children.8

In the linked study, Humphrey and colleagues assess the 
rates and timing of breastfeeding associated HIV transmis-
sion in 351 mothers who seroconverted postnatally.9 The 
authors performed a secondary analysis of the ZVITA-
MBO study, a large Zimbabwean randomised controlled 
trial evaluating the effects of vitamin A supplementation 
given immediately postpartum to mothers or their babies 
(or both) to prevent transmission of HIV.10 Although the 
primary study found no role for vitamin A supplements in 

preventing mother to child transmission, with its 14 110 
mother-infant pairs enrolled (4846 of whom already were 
or became HIV positive), ZVITAMBO is the largest vertical 
HIV transmission trial ever reported. Its quarterly follow-up 
and large repository of serum and breast milk specimens 
have allowed a careful description of both the timing and 
size of the risk of mother to child transmission in women 
who became infected in late pregnancy or while breast 
feeding. 

In their primary analysis, the authors found that 8.5% 
of infants who were born without HIV, but whose moth-
ers were chronically infected, would become infected by 
12 months of age. The instantaneous risk of infection 
among these children was constant over the observation 
period (2.5×10−4 per day of exposure). In contrast, 23.6% 
of infants whose mothers seroconverted postpartum were 
infected by 12 months of life, and the instantaneous risk 
of transmission was highest shortly after acute infection 
and then declined precipitously. At 70 days after serocon-
version, this risk was 18.5×10−4 per day of exposure, more 
than seven times the transmission risk among chronically 
infected mothers.

Acute HIV infection has similar effects on both vertical 
and horizontal transmission.11 In both situations, acute 
infection results in very high plasma viral loads (often more 
than 106 copies/ml) and consequently high titres within 
c ervicovaginal fluid and breast milk. These high viral 
concentrations contribute to a high risk of onward trans-
mission, often almost immediately, even before routinely 
identifiable anti-HIV antibodies have developed.
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In the ZVITAMBO trial, which was conducted before inter-
ventions to prevent mother to child HIV transmission were 
available in Zimbabwe, about 6.3% of all HIV infections in 
infants were caused by acute maternal infection.9 If the same 
seroincidence and attendant transmission risks are applied 
to a hypothetical setting where the latest preventive interven-
tions are available (where in utero and intrapartum trans-
mission rates are 1%, and postnatal rates are 1.9%),4 the 
absolute number of infant infections would plummet (from 
1599 to 196 in the ZVITAMBO cohort). However, the relative 
number of infections attributable to maternal seroconver-
sion during late pregnancy and lactation would increase 
dramatically (from 6.3% to 44%). These calculations are 
remarkably similar to those reported from Botswana, where 
43% of mother to child transmissions were estimated to 
come from acutely infected mothers.12 Thus, it seems likely 
that as more effective regimens for preventing transmission 
from mother to child become widely available and trans-
mission rates among chronically infected mothers decline, 
the problem of vertical transmission among seroconverting 
mothers will become increasingly important. Data from the 
ZVITAMBO trial show that mothers who are acutely infected 
can quickly pass the infection on to their child.

An effective strategy to eradicate AIDS in children must 
recognise the particular vulnerability of pregnant and lactat-
ing women to HIV acquisition themselves. Retesting pregnant 
women in the third trimester or at delivery would be pru-
dent; however, only primary prevention will protect infants 
against transmission from mothers who are acutely infected 
but seronegative at the time of testing. Global research into 
the primary prevention of HIV is robust and includes diverse 
interventions ranging from the purely biomedical (for exam-
ple, antiretroviral pre-exposure prophylaxis and vaginal 

microbicides) to behavioural (for example, HIV testing 
and counselling of couples). It is crucial that this research 
includes pregnant and lactating women from the outset, so 
that when efficacious interventions are identified, they will 
be immediately available to mothers and their babies.
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Industry sponsored bias in cost effectiveness analyses 
More transparency, rigour, and guidance are needed
Evidence is growing that the involvement of industry in cost 
effectiveness analyses can affect the findings. A systematic 
review of published cost-utility analyses found that indus-
try funded studies were more than twice as likely to report 
a cost-utility ratio below $20 000 (£12 700; $14 850) per 
quality adjusted life year (QALY) as studies sponsored by 
non-industry sources.1 The National Institute for Health 
and Clinical Excellence (NICE) in the United Kingdom found 
that cost effectiveness analyses submitted by manufacturers 
produced significantly lower ratios than those derived by 
assessors at academic centres.2

A study recently published in the International Journal of 
Technology Assessment in Health Care build on these find-
ings.3 Garattini and colleagues assessed the relation between 
industry sponsorship and the findings of pharmacoeconomic 
analyses performed on single drug treatments from 2004 to 
2009. About 95% of 138 analyses sponsored by industry had 
favourable results compared with only 50% of those without 
industry sponsorship. Favourable findings were more likely 
even if the author was affiliated with any consultancy. Despite 
a lack of clarity regarding some of the investigators’ methodo-

logical choices—for example, it was unclear how the investi-
gators ascertained author affiliation with a consultancy—and 
a limited discussion of the potential explanations for their 
findings, their results agree with other evidence indicating 
that the results of industry sponsored pharmacoeconomic 
analyses should be interpreted with caution.

Although the overall findings are not surprising, they 
do not imply nefarious practices on the part of industry. 
Cost effectiveness analysis plays a strategic role early in the 
product development cycle by alerting companies to eco-
nomically unattractive compounds and focusing invest-
ment on potentially cost effective products.4  5 Therefore, 
favourable findings from industry sponsored analyses may 
result, at least in part, from internal selection of products 
with favourable cost effectiveness profiles. Also, early eco-
nomic analyses often inform the design of clinical trials, 
and subsequent published analyses may have favourable 
findings because the choice of comparator was optimised.5  6 
It could be argued that these analytical strategies are prag-
matic responses to incentives for producing drugs with 
favourable cost effectiveness profiles.
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Many government agencies that review economic evi-
dence in making decisions about listing new drugs on 
public formularies and in setting reimbursement policies 
are already sceptical of industry sponsored studies. Organi-
sations in Canada and the UK commission independent 
expert review of industry sponsored analyses and require 
that manufacturers submit the actual models for investi-
gation. NICE commissions an additional assessment from 
independent academic affiliates. Most people agree that the 
NICE model is optimal. However, jurisdictions with limited 
resources find it difficult to establish and maintain high level 
independent review. For this group, the implications of bias 
in industry sponsored analyses are more important because 
policy makers may rely on the published literature or analy-
ses submitted by the manufacturer, with limited capacity to 
perform extensive review.

Perhaps the most novel concept proposed by Garattini 
and colleagues is that health technology assessment agen-
cies that have dual roles as consultants for industry and gov-
ernment may produce biased analyses. It is unclear to what 
extent consulting for industry compromises the ability to 
remain unbiased, but it is worth investigating further. Con-
ceivably, government agencies should require health technol-
ogy assessment agencies to disclose the nature and extent 
of industry involvement in their activities on a regular basis.

Journals can play an important role in minimising bias in 
published economic analyses. Disclosure of financial con-
flicts of interest is already required, but disclosure alone can-
not eliminate bias, even when the most stringent limits are 
applied.7 Alternatively, journals could increase the rigour of 
peer review by requiring that authors submit models along 
with their manuscript. This may be challenging because 
reviewers with sufficient technical expertise are scarce. Jour-
nals can also encourage greater transparency by requiring 
authors to provide appendices with technical details to be 
published on the web to overcome space limitations.

Guidelines for the conduct of cost effectiveness analyses, 
which currently focus on technical matters, can be expanded 
to provide more direction on optimising processes.8  9 For 
example, an independent advisory board could be required 
for industry sponsored studies at all stages of the analy-

sis. Similar to the requirements for publication of clinical 
trials, registration of cost effectiveness analyses can serve 
the dual purpose of enforcing expanded process guidelines 
and counteracting publication bias.10 Standardising meth-
ods and promoting transparency in industry sponsored 
cost effectiveness analyses are attractive in theory, but it is 
unclear who would be responsible for oversight of such a 
policy.

Cost effectiveness analyses are helpful for those making 
health policy decisions. However, it has become clear that 
the association of industry with this discipline produces 
biased results for a variety of reasons. Scientific journals, 
insurers, and, most importantly, the scientists themselves 
must take clear and decisive steps to infuse more rigour and 
transparency into the analytical process. This may help 
uncouple the association between industry’s strategic use 
of cost effectiveness analysis early in product development 
with the later use of policy evaluation. Until then, govern-
ment agencies and other healthcare funders will continue to 
view industry sponsored analyses with mistrust.
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Does long term aspirin prevent cancer?
Possibly, but trials specifically designed to answer this question are needed
The cardioprotective effects of aspirin are well established. 
A meta-analysis of individual subject data from primary 
prevention randomised controlled trials (RCTs) suggested 
that aspirin can reduce the relative risk of non-fatal myo-
cardial infarction by about 20%.1 Overall, however, the 
risks of treatment (severe gastrointestinal and extracranial 
bleeding) were roughly the same as the benefits, so routine 
use of aspirin as a primary preventive strategy was not 
recommended. The meta-analysis did not evaluate any 
potential reduction of mortality from cancer, as has been 
suggested by observational data.2 Observational data are 
difficult to interpret, however, because associations may 
not be causal and may be the result of confounding or 

bias.3 Rothwell and colleagues have therefore conducted 
another meta-analysis of individual subject data from 
RCTs of aspirin versus no aspirin for prevention of vascular 
disease, but this time they evaluated mortality from cancer 
as the main outcome.4 They found a 21% (95% confidence 
interval 8% to 32%) reduction in the odds of death from 
cancer in people who took aspirin for almost six years, 
and the effect was strongest for gastrointestinal cancers. 
The authors suggest that this may now tip the balance in 
favour of using aspirin as a primary prevention strategy, 
both for ischaemic heart disease and cancer.

The data initially look compelling, and primary care 
providers could be forgiven for now advising patients 
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so Rothwell and colleagues evaluated only around 20% of 
all subjects. This is because they excluded several trials 
that did not meet their eligibility criteria (for example, 
insufficient length of follow-up or subjects given aspirin 
on alternate days). However, systematic reviews can give 
different conclusions depending how they are conducted, 
and eligibility criteria can be somewhat arbitrary.6 For 
example, Rothwell and colleagues report that 75 mg aspi-
rin a day is sufficient to reduce death from cancer. If this is 
the case, then perhaps 325 mg every other day would also 
be effective, as used in the US Physicians Health Study,7 
which had 22 071 participants (almost as many as Roth-
well and colleagues’ entire meta-analysis). It would be 
interesting to see how the inclusion of this trial would 
affect the results.

The data are not robust enough to recommend aspirin 
for the general population and we still do not know the 
optimum dose and length of treatment.8 Key data could 
come from the AspECT trial,9  10 which is evaluating the 
effect of aspirin in preventing all causes of mortality and 
oesophageal adenocarcinoma. The interim analysis will 
be reported in 2012.

In addition, Canada and the United Kingdom have 
low numbers of gastroenterologists per head of popu-
lation compared with other countries in the developed 
world.11 If most of the population started taking aspirin 
our g astrointestinal services might be overwhelmed. Until 
further evidence from RCTs is accrued, aspirin should not 
be recommended for everyone.
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Forest plot of all cause mortality in randomised controlled trials of aspirin versus no aspirin4
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above a given age to take aspirin. Recommending wide-
spread use of a drug in an otherwise healthy population, 
however, needs to be approached cautiously because 
we need to be certain that the benefits will outweigh 
the risks.1 A 20% reduction in death from cancer seems 
impressive, but looking at the data in terms of absolute 
numbers gives a different story. These trials followed up 
25 750 participants for more than 150 000 patient years, 
and 20 fewer cancers occurred in those taking aspi-
rin compared with those not taking aspirin. Looked at 
another way, after taking aspirin for almost six years there 
was a 0.5% absolute reduction in death from cancer, with 
a number needed to treat of 200 (111 to 1075). Compared 
with the 50% increase in risk of serious gastrointestinal 
and extracranial bleeding in participants taking aspirin 
(overall more than 100 excess serious bleeds occurred 
in the aspirin group in primary prevention trials),1 it is 
not clear that the benefits outweigh the risks, even when 
factoring in the cardioprotective effects of aspirin.

The most rigorous approach to assessing this is to 
evaluate all cause mortality. To their credit, Rothwell 
and colleagues analysed this in some detail and report a 
statistically significant reduction in all cause mortality.4 
C rucially, the effect is only marginally significant (rela-
tive risk of death in the aspirin arm 0.93, 0.87 to 1.00; 
P=0.045) (figure). This is not particularly robust, espe-
cially as six of the eight trials were in subjects at high risk 
of cardiovascular disease, where the benefits of aspirin 
should be greatest. Furthermore, the authors included 
one RCT where the data had been destroyed.5 It could be 
argued that because they had intended to conduct a meta-
analysis of individual participant data this trial should 
have been excluded. This trial (SAPAT) had the great-
est effect on all cause mortality (figure),5 and when it is 
excluded the results are not significant (0.94, 087 to 1.01; 
P=0.11). This is corroborated by another meta-analysis 
of individual participants (95 000 subjects with 660 000 
person years of follow-up), which found that aspirin had 
no significant effect on all cause mortality (0.95, 0.88 to 
1.02; P=0.1) when used as primary prevention.1

This last point emphasises the fact that Rothwell and 
colleagues chose a subset of all the primary and second-
ary prevention aspirin RCTs that have been conducted. 
Twenty one RCTs have evaluated about 112 000 subjects,1 


