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Background: In vitro fertilisation (IVF) treatments 
involve an egg retrieval process, fertilisation and 
culture of the resultant embryos in the laboratory, 
and the transfer of embryos back to the mother 
over one or more transfer cycles. The first transfer 
is usually of fresh embryos and the remainder 
may be cryopreserved for future frozen cycles. 
Most commonly in UK practice two embryos are 
transferred (double embryo transfer, DET). IVF 
techniques have led to an increase in the number of 
multiple births, carrying an increased risk of maternal 
and infant morbidity. The UK Human Fertilisation and 
Embryology Authority (HFEA) has adopted a multiple 
birth minimisation strategy. One way of achieving this 
would be by increased use of single embryo transfer 
(SET).
Objectives: To collate cohort data from treatment 
centres and the HFEA; to develop predictive models 
for live birth and twinning probabilities from fresh 
and frozen embryo transfers and predict outcomes 
from treatment scenarios; to understand patients’ 
perspectives and use the modelling results to 
investigate the acceptability of twin reduction policies.
Methods: A multidisciplinary approach was adopted, 
combining statistical modelling with qualitative 
exploration of patients’ perspectives: interviews 
were conducted with 27 couples at various stages of 
IVF treatment at both UK NHS and private clinics; 
datasets were collated of over 90,000 patients from 
the HFEA registry and nearly 9000 patients from five 
clinics, both over the period 2000–5; models were 

developed to determine live birth and twin outcomes 
and predict the outcomes of policies for selecting 
patients for SET or DET in the fresh cycle following 
egg retrieval and fertilisation, and the predictions were 
used in simulations of treatments; two focus groups 
were convened, one NHS and one web based on a 
patient organisation’s website, to present the results of 
the statistical analyses and explore potential treatment 
policies.
Results: The statistical analysis revealed no 
characteristics that specifically predicted multiple birth 
outcomes beyond those that predicted treatment 
success. In the fresh transfer following egg retrieval, 
SET would lead to a reduction of approximately one-
third in the live birth probability compared with DET, 
a result consistent with the limited data from clinical 
trials. From the population or clinic perspective, 
selection of patients based on prognostic indicators 
might mitigate about half of the loss in live births 
associated with SET in the initial fresh transfer while 
achieving a twin rate of 10% or less. Data-based 
simulations suggested that, if all good-quality embryos 
are replaced over multiple frozen embryo transfers, 
repeated SET has the potential to produce more live 
birth events than repeated DET. However, this would 
depend on optimising cryopreservation procedures. 
Universal SET could both reduce the number of 
twin births and lead to more couples having a child, 
but at an average cost of one more embryo transfer 
procedure per egg retrieval. The interview and focus 
group data suggest that, despite the potential to 
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maintain overall success rates, patients would prefer 
DET: the potential for twins was seen as positive, while 
additional transfer procedures can be emotionally, 
physically and financially draining.
Conclusions: For any one transfer, SET has about 
a one-third loss of success rate relative to DET. 
This can be only partially mitigated by patient and 
treatment cycle selection, which may be criticised 
as unfair as all patients receiving SET will have a 
lower chance of success than they would with DET. 
However, considering complete cycles (fresh plus 

frozen transfers), it is possible for repeat SET to 
produce more live births than repeat DET. Such a 
strategy would require support from funders and 
acceptance by patients of both cryopreservation and 
the burden of additional transfer cycles. Future work 
should include development of improved clinical and 
regulatory database systems, surveys to quantify the 
extent of patients’ beliefs and experiences and develop 
approaches to meet their information needs, and, 
ideally, randomised controlled trials comparing policies 
of repeated SET with repeated DET.
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Executive summary

Methods

We adopted a multidisciplinary approach 
combining state-of-the-art statistical modelling 
with in-depth qualitative exploration of patient 
perspectives. The components were integrated 
formally through statistical modelling of scenarios 
proposed by patients and presentation of the 
modelling results to patient groups. Less formally, 
components were integrated through cross-
disciplinary discussions within the research team. 
The specific components included: 

•	 semi-structured interviews with 27 couples at 
various stages of IVF treatment at both UK 
NHS and private clinics

•	 collation of a UK dataset of over 90,000 
patients from the HFEA registry covering the 
2000–5 period

•	 collation of a more detailed dataset from 2000–
5 of nearly 9000 patients from five diverse 
centres

•	 analysis for live birth and twin outcomes: we 
developed logistic regression models, including 
models for the implantation probability 
of each embryo and the receptivity of the 
uterus; additional models estimated effects of 
cryopreservation and intrapatient correlations

•	 use of the models to predict the outcomes 
of policies for selecting patients for SET or 
DET in the fresh cycle following egg retrieval 
and fertilisation; we used these predictions 
in simulations of treatments spanning several 
embryo transfer procedures

•	 convening two focus groups, one in the NHS 
and one web based on a patient organisation’s 
website; results of the statistical analyses were 
presented and potential treatment policies 
explored.

Results

The interviews indicate that, despite having had 
the risks explained, for many patients a twin 
birth is the ideal outcome. There was scepticism 
concerning the motivation to reduce twin numbers. 
Many equated this to saving money and a lack 
of due priority for fertility treatments. Potential 
restrictions on DET were seen to conflict with the 

Background

In vitro fertilisation (IVF) treatments involve an 
egg retrieval process, fertilisation and culture of the 
eggs in the laboratory, and the transfer of resultant 
embryos back to the mother over one or more 
embryo replacement cycles. The first such transfer 
is usually of fresh embryos, while the remaining 
embryos may be cryopreserved for future frozen 
cycles. Most commonly in UK practice two embryos 
are transferred (double embryo transfer, DET). 
IVF techniques have led to a dramatic increase 
in the number of multiple births. Around 25% 
of all IVF births are twins, carrying an increased 
risk of maternal and infant morbidity. During the 
lifespan of this project the UK Human Fertilisation 
and Embryology Authority (HFEA) has adopted 
a multiple birth minimisation strategy, requiring 
clinics to systematically reduce the proportion of 
multiple births. One direct strategy to achieve this 
would be by increased use of single embryo transfer 
(SET).

Objectives

•	 To collate high-quality cohort data from a 
series of individual treatment centres to be 
considered alongside data collated by the 
HFEA for regulatory purposes.

•	 To develop predictive models from each of 
the data sources for successful live birth and 
twinning probabilities from fresh and frozen 
embryo transfers.

•	 To understand, through qualitative work, 
patients’ perspectives as they travel through 
the treatment process, including appropriate 
outcome measures, attitudes towards twins, 
opinions on SET and potential policies for 
reducing the number of twin births.

•	 To predict outcomes for treatment scenarios, 
based on proposals in the literature and 
developed with patients and clinicians.

•	 To use the modelling results to investigate with 
patients the acceptability of twin reduction 
policies within the current regulatory, funding 
and clinical environment.

•	 To consider the need for future randomised 
controlled trials and surveys of patient 
attitudes.
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NHS Patient Choice agenda. Scepticism exists over 
the use of cryopreservation and frozen transfers.

The statistical analysis revealed no characteristics 
that specifically predicted multiple birth outcomes 
beyond those that predicted treatment success. A 
number of prognostic factors were confirmed and 
it was possible to identify some acting specifically 
through the embryo viability or uterine receptivity. 
In the fresh transfer following egg retrieval SET 
would lead to a reduction of approximately one-
third in the live birth probability compared with 
DET, a result consistent with the limited data from 
clinical trials. Furthermore this reduction showed 
only weak dependence on patient characteristics.

Unless there is antagonism between embryos, it 
is a simply demonstrable mathematical truth that 
any individual woman will have a lower chance 
of a successful outcome in a given transfer cycle 
from SET compared with DET. However, from 
the population or clinic perspective, selection of 
patients based on prognostic indicators might 
mitigate about half of the loss in live births 
associated with SET in the initial fresh transfer 
while achieving a twin rate of 10% or less. A 
number of strategies based on the woman’s age 
and the number and quality of available embryos 
performed broadly similarly.

Any meaningful comparison of IVF treatments 
must take a complete treatment perspective, 
comparing success rates after use of all available 
frozen embryos from an egg retrieval. Our data-
based simulations suggested that, if all good-
quality embryos are replaced over multiple frozen 
embryo transfers, repeated SET has the potential 
to produce more live birth events than repeated 
DET. This would critically depend on optimising 
cryopreservation procedures. Universal SET could 
both reduce the number of twin births and lead to 
more couples having a child, but at an average cost 
of one more embryo transfer procedure per egg 
retrieval.

The interview and focus group data suggest that, 
despite the potential to maintain overall success 
rates, patients would prefer DET: the potential for 
twins is seen as positive, while additional transfer 
procedures are emotionally, physically and, for 
some, financially draining.

Conclusions
Implications for practice
1.	 We found significant resistance to SET and 

reducing twin rates, although a sizeable 

minority of NHS patients do accept SET. 
Many patients were well-informed and 
would challenge inaccurate or misleading 
information. There is a need to develop clear 
and accurate information if multiple birth 
minimisation policies are not to be perceived 
negatively.

2.	 The measure of treatment success will be 
crucial to the acceptance of SET. If the 
reporting focus continues to be the initial fresh 
transfer, SET can only appear disadvantageous. 
If the focus shifts to complete cycles, SET 
may match or outperform DET. However 
patient scepticism of cryopreservation needs 
to be addressed and the burden of additional 
transfers needs to be considered.

3.	 Cryopreservation then becomes crucial to 
maintaining success rates. This study identified 
scope for optimisation.

4.	 Selection of patients for SET may help clinics 
reduce the loss in fresh cycle success rates. 
Selection policies would be perceived as unfair 
by some patients limited to SET.

5.	 Embryo selection procedures need to be 
approached carefully in the context of 
complete treatment programmes. Processes 
involving invasive selection may improve 
fresh cycle rates at the expense of the overall 
cumulative live birth rate. However, there may 
be a role for such methods in reducing the 
number of cycles necessary to achieve a live 
birth.

6.	 The present UK policy of requiring clinics 
to reduce twin rates requires a degree of 
sophistication in the monitoring process. The 
number treated in any given centre does not 
allow for robust auditing or evaluation of policy 
changes.

7.	 Clinics will need reliable data to monitor and 
audit policy and performance. This is likely to 
require the development of better information 
systems.

Recommendations for research

1.	 There is an urgent need for better-quality data 
that permit the evaluation of complete cycles 
(fresh plus frozen) and link multiple treatments 
of the same women. Existing clinical and 
regulatory database systems do not in practice 
provide data that can robustly and directly 
answer the key questions. With such data our 
conclusions could be confirmed and analyses 
extended to consider interclinic differences and 
additional covariates.

2.	 Research is needed to adapt existing data 
monitoring tools for use in monitoring twin 
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rate targets and provide evaluation tools to 
clinics and regulators.

3.	 Some patient antipathy to SET may be 
amenable to carefully tailored and accurate 
information that takes account of patients’ 
beliefs and experiences. Surveys are needed to 
quantify the extent of these beliefs and develop 
approaches to meeting patients’ information 
needs.

4.	 Our methods could readily be extended to 
consider various embryo selection policies, 
based on either biomarkers or extended 
culture. As data become available, further 
simulation studies would be informative in 
determining their optimal use.

5.	 Ultimately, methods for optimising success 
rates while reducing twin rates need to be 
tested in properly designed randomised trials 
with full treatment end points. Although 
previous efforts to compare DET with SET in 
the NHS have failed to recruit, a move towards 

increased SET provides a unique opportunity 
to answer these questions.

Key messages

•	 For any one transfer, SET has about a one-third 
loss of success rate relative to DET.

•	 The loss can be only partially mitigated by 
patient and treatment cycle selection, and 
criteria may be criticised as unfair: all patients 
receiving SET will have a lower chance of 
success than they would with DET.

•	 If we consider complete cycles (fresh plus 
frozen transfers), it is possible for repeat SET 
to produce more live births than repeat DET.

•	 Such a strategy would require support from 
funders and acceptance by patients of both 
cryopreservation and the burden of additional 
transfer cycles.
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Introduction

In vitro fertilisation (IVF) treatments for infertility 
involve the collection of eggs from the woman, 
usually after hormonal stimulation, and the 
fertilisation of those eggs in the laboratory 
using sperm from the partner or other donor. 
Fertilisation is achieved either by incubation in 
a dish (standard IVF) or by injecting the sperm 
directly into the egg (intracytoplasmic sperm 
injection, ICSI). The resultant fertilised eggs are 
cultured in the laboratory for 2–3 days to form 
embryos typically containing between two and 
eight cells. If fertilisation and culture are successful, 
then one or more embryos will be transferred 
to the woman (fresh embryo transfer cycle) and 
the remainder may be frozen for future use in 
subsequent frozen embryo transfer cycles. If, for 
some reason, it is not appropriate to transfer 
any fresh embryos, they may all be frozen. In 
any one attempt to become pregnant a woman 
may have several egg retrieval cycles, each with 
a fresh transfer and potentially several frozen 
transfers. In order to increase the success rate, 
embryo transfer cycles historically have involved 
the transfer of multiple embryos, leading to high 
rates of multiple pregnancies. In recent years UK 
clinics have been restricted to a maximum of two 
embryos, or three in exceptional circumstances, 
which has almost eliminated triplets and higher-
order multiple births. However, the standard 
practice of transferring two embryos does lead to 
a high twin incidence, and twin births do carry 
a higher risk of maternal and infant morbidity. 
Thus, many advocate a policy of single embryo 
transfer (SET) to reduce this burden. In the UK 
the regulatory authority, the Human Fertilisation 
and Embryology Authority (HFEA), has now 
implemented a multiple birth minimisation policy 
aimed at reducing the twin birth rate to 10% over a 
number of years.

The Manchester IVF centres (St Mary’s Hospital 
and Manchester Fertility Services) have had a long-
standing interest in reducing the incidence of twins 
and increasing the use of SET. The towardSET? 
project described here was conceived in 2006 both 
as a continuation of statistical modelling work 
we had begun on a Manchester patient cohort1,2 

and as a response to a specific call from the UK 
National Institute for Health Research (NIHR) 
Health Technology Assessment (HTA) programme. 
HTA funding was obtained and the project was 
undertaken between January 2007 and April 
2009. At that time it was clear that patients might 
be sceptical of any move towards increased use 
of SET. In conceiving this project, we were very 
aware that patient perspectives were crucial to the 
implementation of any twin-reduction policy and 
indeed that patients might not be persuadable. 
Thus, we emphasised the movement towards SET, 
rather than presuming that it was the destination, 
and maintained a small question mark to 
demonstrate this doubt – see Figure 1.

The concept was to combine complex statistical 
modelling of currently available data with in-depth 
considerations of patient perspectives and allow the 
two strands to each impact on the other.

The time period in which we undertook this project 
was one of very active developments in UK policy 
towards reducing the twin rates associated with 
IVF and SET. These developments are discussed 
below (see Research context).There was significant 
interaction between that policy development and 
this project, and much of the emphasis of this work 
was changed by policy developments, even though 
the formal protocol remained unchanged.

Structure of this report

This chapter gives the background to, and 
motivation for, the project then outlines the project 

Chapter 1  
Background and project design

FIGURE 1  The project logo.

towardSET?
Predictive models & 
Patient perspectives 
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design, informally reviews the relevant literature, 
and finally introduces some of the methodology 
used. Subsequent chapters describe the project 
components, with detailed methodology and results 
along with discussion. Chapter 2 describes the work 
on patient perspectives. Chapters 3 and 4 develop 
predictive models based on two large datasets, and 
then Chapter 5 uses these models to predict and 
simulate elective single embryo transfer (eSET) 
policies. In Chapter 6 we describe patient reactions 
to the policy options. Chapter 7 discusses specific 
issues around the use of routine data for studies 
such as this one, and the final chapter attempts 
to synthesise the components and draw out the 
important conclusions, implications for practice 
and needs for further research.

Throughout this report, additional material giving 
details of the methodology is provided that is 
not necessary in order to understand the results 
and conclusions. The sections containing such 
material are indicated with an asterisk and can be 
omitted by the reader without losing any of the 
cohesiveness of the report.

The towardSET? project 
design
Figure 2 shows, in schematic form, the structure 
of the project. The major elements were statistical 
modelling of routine data to obtain information on 

factors affecting twin rates and predictive models, 
alongside work with patients at various stages 
of treatment to understand their perspectives. 
Following this work, we considered various policy 
options informed by the modelling, patient 
perspectives, clinical opinion and (crucially) the 
policy environment and estimated their effects. 
The project outcomes were then fed back to patient 
groups and their views incorporated into our 
assessments.

Research objectives

The project objectives as defined in the protocol 
were:

1.	 To collate high-quality cohort data from a 
series of individual treatment centres to be 
considered alongside HFEA data.

2.	 To develop predictive models from each of the 
data sources for (a) twinning probabilities in 
patients treated with double embryo transfer 
(DET) from fresh or frozen embryos, (b) success 
probabilities in couples receiving SET, and (c) 
potential singleton and twin rates if couples 
had been offered SET. In each case, to consider 
the full range of potentially prognostic factors 
associated with the couple and the available 
embryos, including age, fertility history, cause 
of infertility and embryo quality (the last is not 
available for the HFEA data).
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FIGURE 2  Schematic of project structure.
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3.	 To understand, through qualitative work, the 
patients’ perspective on these choices as they 
travel through the treatment process.

4.	 To involve couples in developing patient-
relevant outcome measures for IVF treatment 
programmes and a range of potential choices 
and treatment options for consideration.

5.	 To consider a number of potential outcomes 
and denominators (including, but not limited 
to, per couple, per embryo transfer cycle, per 
stimulated cycle started, per completed cycle) 
from a clinical and patient perspective, and to 
predict these for potential treatment scenarios 
based on proposals in the literature and 
developed with patients and clinicians.

6.	 To use the modelling results to investigate with 
patients the acceptability of the scenarios and 
the changes in public policy required to make 
SET acceptable.

7.	 To suggest appropriate randomised controlled 
trials (RCTs) to test the effectiveness of the 
most favourable policies.

Research context

At the time this study was designed (early 2006) 
there was growing awareness that the high twin 
birth rate from IVF-treated couples was potentially 
a significant public health issue and a burden on 
health-care resources. Standard care was to transfer 
two embryos if available, in all but exceptional 
cases. Although a few individuals and centres were 
advocating SET in order to reduce the chances of 
twin births, it was rare in practice. The decision 
whether to have SET or DET was made by the 
individual couple following advice and counselling 
from the clinical staff. Thus, it was important to 
understand the patient perspective on twins and 
SET. Even if one were to advocate a policy of 
compulsory SET, in formulating such a policy the 
patients’ views would need to be considered.

After the start of this project the HFEA 
commissioned an expert group to consider the 
incidence and consequences of multiple births3 
and undertook a consultation exercise leading to a 
policy decision in 2008 requiring clinics to reduce 
their twin rate, incrementally with a target rate 
reducing to 10% twins per live birth event (LBE) 
over a number of years. Rather than restrict DET 
to certain groups of patients, or mandate SET 
for other groups, the UK policy is based around 
target twin rates for individual clinics, with each 
clinic needing to develop its own policy (known as 
a Multiple Birth Minimisation Plan) to meet the 
target. This target started at 24% (approximately 

the national average in 2007) twins per LBE for 
the reporting year of 2009, with a series of interim 
targets. The emphasis of this project was therefore 
centred around the implications of this specific UK 
policy and the need for clinics to be able to develop 
strategies to meet the targets, and this formed the 
basis of discussion with patients and simulations of 
policy.

Research methods

We undertook an interdisciplinary approach in 
which quantitative retrospective cohort studies 
and predictive modelling were embedded within 
qualitative studies of patient perspectives in an 
integrated manner. The various components are 
described below.

Literature review

We informally reviewed the literature to (1) identify 
studies where SET has been compared to DET, 
both randomised trials and cohort studies, (2) 
identify prognostic factors to be included in the 
models, (3) identify series in which published data 
are available with sufficient detail to be used in 
model verification, and (4) identify strategies for 
the use of SET in clinical practice and the obstacles 
to their adoption. The results of this review are 
incorporated into the background section below 
(Informal review of the relevant literature).

Retrospective cohort studies 
(objectives 1 and 2)

We undertook two linked cohort studies to 
determine factors associated with success and twin 
rates in SET and DET. The sample was designed 
to include the full spectrum of patient settings, 
including NHS-funded patients attending a centre 
offering only NHS treatment, private patients 
attending a fully private clinic, and NHS-funded, 
fee-paying NHS patients and self-funded (private) 
patients all treated within NHS clinics. The centres 
included cover a range of policies on SET, embryo 
selection and freezing.

Specifically we collated data from the following 
sources:

1.	 Data from the national HFEA register covering 
2000–5. This provides outcome data on each 
embryo replacement cycle conducted in the 
UK, with a useful, but not exhaustive, set of 
patient, partner and cycle factors. However, 
this dataset contains no embryo-level data. The 
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data are anonymised, but records relating to 
the same couples are linked. There are issues 
about data quality in such databases (and these 
are assessed in Chapter 7), but the HFEA 
Historic Audit project at least validates the 
quality of the data in cycles that generated a 
clinical pregnancy or live birth.

2.	 A collection of single-centre, information-
rich datasets with embryo quality measures 
on all transferred embryos. We extracted a 
cohort with full outcome data for treatments 
completed in the 2000–5 time frame. Six 
centres agreed to take part in the study and 
provide data, giving an estimated 13,000 
cycles. In practice, two of the centres failed 
to supply data owing to changes in local 
circumstances, but one additional centre was 
recruited. The number of patients in the 
existing centres was significantly larger than 
originally estimated and these centres gave 
us a database with 23,582 cycles, which was 
considered more than sufficient to achieve the 
stated aims.

3.	 During the period of the cohorts, two 
Manchester centres (one NHS only, one 
private patients only) had a day 1 embryo 
freezing policy, which means that a maximum 
of four embryos were available on day 2 
for selection of one (SET) or two (DET) for 
transfer. The other collaborating centres were 
all NHS centres of excellence with a mixture 
of NHS and fee-paying patients. They all 
had an embryo freezing policy that allowed 
all embryos to be available for selection on 
the day of transfer, with freezing taking place 
after selection of embryos for fresh transfer, in 
contrast to the Manchester centres.

4.	 We also intended to utilise a dataset from a 
prospective study of the use of amino acid 
profiles for the prediction of embryo viability. 
Unfortunately this study failed to complete 
owing to technical issues and so could not 
be used formally, although the project did 
contribute informally. However, we did utilise 
the embryo grading data from that study to 
inform the simulation studies of Chapter 5.

Formal sample size computations were not 
appropriate here as the aim was to develop 
predictive models, not to formally test hypotheses. 
Experience and heuristic arguments suggest that 
datasets in excess of 10,000 cycles are required for 
this exercise. Rules of thumb for reliable predictive 
modelling suggest 10–20 events per considered 
variable. We expected to have around 40 potential 

variables, which, with a success rate of 20%, would 
imply a minimum dataset of 4000 independent 
cycles, around 8000 patients, given that many 
patients have multiple cycles and we wished to 
look at multicycle end points. The sample size 
was, in practice, determined by the need to have 
a representative set of centres and a sufficiently 
long time span to capture treatment histories along 
with computational feasibility, and the numbers 
analysed were well in excess of the minimum 
numbers above.

From these data we developed a series of statistical 
models for the per-embryo replacement outcomes 
as a function of the patient, embryo and treatment 
characteristics.

The aim of this phase of the study was to produce 
a series of statistical models relating outcome 
(singleton, twins) to prognostic indicators for fresh 
and frozen embryo transfer across multiple egg 
retrieval and embryo replacement cycles. These 
models identify prognostic factors leading to 
high risk of twins and high chance of success, and 
provide the basis for the consideration of the role 
of SET.

The analysis of the HFEA data is described in 
detail in Chapter 3 and the individual centre 
cohorts in Chapter 4.

Patient perspectives (objectives 
3 and 4)

In this phase of the study we undertook qualitative 
interviews with couples who were in the process of 
undergoing IVF treatment. The aim was to explore 
the patient perspective of treatment choices as they 
travel through the treatment process. Therefore 
interviews covered a range of decision-making 
stages: (1) waiting list; (2) after the first information 
meeting and clinic appointment (pre-treatment); 
and (3) after the second cycle of treatment. This 
last group allowed for views to be assessed once the 
outcome of an initial treatment cycle was known 
and after having the opportunity to reflect on 
the choices through a second treatment cycle. It 
was planned that 5–10 couples per stage would 
be invited to take part in this study. Purposive 
sampling techniques were employed to ensure 
maximum diversity of sample including different 
female ages, parity, duration of infertility and 
source of funding (which is related to the number 
of treatment cycles that the couple receive).
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Specifically we planned:

1.	 To assess couples’ knowledge and views on 
embryo transfer and twin birth prior to 
treatment, after provision of information and 
post treatment.

2.	 To explore the potential facilitators and 
barriers to eSET.

3.	 To evaluate the patient perspectives on the 
decision-making process during key stages of 
the treatment journey, including consideration 
of measures of success and attitudes to twin 
births.

4.	 To determine the level of involvement couples 
would prefer in the decision-making process 
regarding treatment choices.

5.	 To establish at what stage (pre-treatment) 
information regarding treatment choices about 
eSET should be presented, and in what format.

6.	 To explore couples’ attitudes to research, 
in particular their understanding of 
randomisation into a clinical trial.

Predictive modelling (objectives 
5 and 6)

Based on our survey of the literature and the 
qualitative work above, we aimed to identify a 
limited number of potential treatment policies and 
choices involving the use of SET, based on a patient 
perspective of the whole treatment course. These 
were to include, but not be limited to, SET cycle 
choices, single DET versus two cycles of SET (with 
the second fresh or frozen), and include a range of 
couple prognoses. We used the models developed 
above to predict the outcomes of the various 
scenarios for the whole range of prognostic factors, 
with estimates of their reliability. This predictive 
modelling encompassed both direct prediction 
from the models and the use of model parameters 
(and their associated uncertainties) to make 
predictions for treatment policies not contained 
within the source datasets. In developing the 
models we took care to consider the correlations 
between cycles, and to assess the errors in the 
prediction, validating against both internal and 
external data where these existed. This simulation 
work is described in Chapter 5.

We planned to establish three focus groups (two 
NHS, one private sector) of patients and partners 
who had been through the IVF process to present 
to them the results from the modelling process. 
This methodology has been successfully employed 
to explore sensitive issues.4,5 A convenience sample 
of couples who had undergone IVF treatment were 
to be invited to participate in a structured focus 

group. Following a general discussion about the 
various treatment options, a selection of scenarios 
from the statistical modelling were presented to 
the groups in a user-friendly format. The groups 
were asked to rate and discuss the scenarios. This 
allowed us to explore the responses to the results 
and determine potential barriers to the proposed 
solutions and could have led to alternative 
strategies to be investigated. Owing to changes in 
circumstances and availability, the composition 
and conduct of these focus groups was somewhat 
different from that originally planned and is 
described in detail in Chapter 6.

Economics

It was planned to synthesise the results of this 
study with ongoing economic analyses being 
conducted elsewhere. Unfortunately these studies 
did not report during the time frame of this 
study; however, the data generated here have 
been supplied to one of the groups undertaking 
economic analysis of SET, and that work will be 
conducted outside the scope of this project.

Towards randomised controlled 
trials (objective 7)

Ultimately any proposed treatment strategies would 
need to be tested in rigorous RCTs. Based on the 
knowledge gained from these studies we planned to 
suggest a design for such a trial or trials, defining 
patient populations, treatments and end points. 
Such a trial should also include a rigorous health 
economic assessment. However the failure of the 
ECOSSE trial (see below), and the fact that, in the 
UK, policy has now been decided, suggest that any 
such trial may well be infeasible, and so, although 
such trials are still needed, we confined ourselves 
to a general discussion of principles rather than 
detailed designs (see Chapter 8, Implications for 
research).

Ethical approval and governance

Ethical approval was obtained from the South 
Manchester Research Ethics Committee 
(06/Q1403/254 and 06/Q1403/255). Sponsorship 
was from the University of Manchester (PS120906). 
A Project Management Group, consisting of the 
named investigators, met regularly to oversee the 
day-to-day running of the project. An Advisory 
Group consisting of representatives of the centres 
contributing data, the HFEA and a patient group 
(Table 1) was established to provide oversight of the 
study.
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Informal review of the 
relevant literature

We undertook a narrative literature review. Given 
the nature of the project we did not attempt a 
systematic review (a Cochrane review6 of the trials 
has already been undertaken and recently revised), 
rather we sought to set the context of the project, 
identify relevant methodology and identify putative 
prognostic factors to inform the modelling.

Literature was identified from expert knowledge 
within and without the study team and Advisory 
Group, from tracking the references therein, and 
from a formal search of the Web of Science (see 
Figure 3 for search terms) and PubMed (Figure 4) 
databases.

Single embryo transfer

Elective single embryo transfer has been widely 
advocated on the basis that it reduces the number 
of multiple pregnancies, and the consequent risk 
to the mother and offspring (e.g. see Pinborg7). 
Many cohort studies (reviewed in references 8 and 
9) suggest that, on a per-transfer cycle basis, SET 
does indeed reduce twinning rates compared with 
DET but that this is associated with a reduced 
success (live birth) rate. This has been confirmed 
in a limited number of relatively small randomised 
trials7, although no good-quality randomised data 
are yet available.6 The subsequent replacement of 
single thawed embryos increases the pregnancy 
rate per episode of IVF on a cumulative basis  

(e.g. Lukassen et al.10). Strategies to implement 
SET are likely to require evaluation across multiple 
cycles of embryo transfer: in the UK a trial was 
organised comparing a single fresh cycle of DET 
with two cycles of SET, one fresh and one utilising 
a frozen embryo from the first cycle. This trial (the 
ECOSSE trial, led by Dr Bhattacharya, Aberdeen) 
was subsequently suspended apparently because 
of patient reluctance to enter the study (Dr 
S Bhattacharya, Aberdeen Maternity Hospital, 
2009, personal communication).

Subsequent to the start of this project, in 2008 the 
UK HFEA, after a review and consultation process,3 
adopted a policy requiring clinics to reduce the 
number of twin births as a proportion of live births 
to 10% over a 3-year period from 2009. The British 
Fertility Society (BFS) and Association of Clinical 
Embryologists (ACE) have produced clinical 
guidelines, with input from the towardSET? project 
team, reviewing the evidence and supporting this 
policy change.11

Elective single embryo transfer 
trials

Six RCTs, comparing forms of SET with DET in, 
generally, patients with a good prognosis,10,12–18 and 
a Cochrane review6 have been undertaken. SET 
alone gave poorer outcomes in terms of live birth 
rate per embryo transfer cycle but reduced the 
incidence of twins to a rate comparable with natural 
pregnancies. In two small randomised trials, SET 
with two episodes of embryo replacement was 

TABLE 1  Advisory Group membership (including deputies)

Jenny Dunlop IVF counsellor St Mary’s Hospital, Manchester, and Manchester 
Fertility Services

Tony Rutherford Consultant obstetrician and gynaecologist and 
Chair of the BFS Policy and Practice Committee

The Leeds Reproductive Medicine Unit

Jan Hogg Lead embryologist

Steve Troup Scientific director and member of ACE executive The Hewitt Centre for Reproductive Medicine, 
LiverpoolNatalie Scott Embryologist

Jane Saxton Senior embryologist Centre for Reproductive Medicine and Fertility, 
Sheffield Teaching Hospitals NHS Trust

Juliet Tizzard, then 
Jessica Watkin 

Policy manager HFEA

Cheryl Fitzgerald Consultant gynaecologist St Mary’s Hospital, Manchester

Karen Arnold Fertility nurse practitioner

Debbie Falconer, 
Louise Warner

Principal clinical embryologists Manchester Fertility Services

Clare Lewis-Jones Chief executive Infertility Network UK
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associated with a similar live birth rate as DET 
but with a significant reduction in the number of 
multiple births (Lukassen et al.10 and Thurin et 
al.15). There is a lack of large, good-quality trials 
comparing practical policies with appropriate end 
points. Cohort studies8,9 show similar conclusions, 
but these are harder to interpret as the patients 

undergoing SET are selected by a combination of 
the clinician and the couple. Most of these analyses 
used simple per-transfer end points and failed to 
account for the correlations between cycles from 
the same patients. Clinical experience in Sweden 
and elsewhere8 suggests that a legal prescription 
towards eSET has led to an increased use of SET 

SET/DET
TI = (’in vitro fertilization’ OR ’in-vitro fertilization’ OR ‘in vitro ferilisation’ OR ‘in-vitro fertilisation’ OR ‘IVF’ OR
‘ICSI’ OR `cytoplasmic sperm injection’ OR ‘assisted conception’ OR ‘reproductive technolog*’ OR ‘subfertility’ OR
‘assissted reproduct*’) AND TS = (’eset’ OR ‘e-set’ or ‘Single embryo fransfer’ OR ‘DET’ OR ‘Double Embryo
Transfer’ OR ‘multilple embryo transfer’) NOT TS = (’cancer*’ OR ‘HIV’ OR ‘AIDS’ or ‘pig’ OR ‘cow’ OR ‘sheep*’
OR ‘porcine’ OR ‘*ovine’ OR ‘primate*’ OR ‘mouse’ OR ‘mice’ OR ‘monkey*’)

STATISTICAL
   1 TI = (’in vitro fertilization’ OR ‘in-vitro fertilization’ OR ‘in vitro fertilisation’ OR ‘in-vitro fertilisation’ OR ‘IVF’ OR
‘ICSI’ OR ‘cytoplasmic sperm injection’ OR ‘assisted conception’ OR ‘reproductive technolog*’ OR ‘subfertility’ OR
‘assisted reproduct*’)
   2 TS = (’multivar*’ OR ‘logistic’ OR ‘multi-level’ OR ‘multilevel’ OR ‘logit’ OR ‘mathematical model*’ OR ‘data
mining’ OR ‘Bernoulli*’ OR ‘spiers’ or ‘covaria*’ OR ‘validation’)
   3 TI = (‘predictive’ OR ‘prediction’ OR ‘regression’)
   4 TS = (’implant*’ OR ‘pregnan*’ OR ‘birth*’ OR ‘receptivity’ OR ‘viability’)
   5 TI = (’success’ OR ‘prognosis’ OR ‘outcome’)
   6 TS = (’cancer*’ OR ‘HIV’ OR ‘AIDS’ OR ‘pig*’ OR ‘cow*’ OR ‘sheep*’ OR ‘porcine’ OR ‘*ovine’ OR ‘primate*’
OR ‘mouse’ OR ‘mice’ OR ‘monkey*’)

  1 AND (  2 OR   3) AND (  4 OR   5) NOT   6

EU MODEL
TI = (’Embryo’) AND AU = (’Speirs A*’ OR ‘Zhou H*’)

(cited papers)

SET/DET
(‘in vitro fertilization’ [Title] OR ‘in-vitro fertilization’ [Title] OR ‘in vitro fertilisation’ [Title] OR ‘in-vitro fertilisation ’ [Title]
OR ‘IVF’ [Title] OR ‘ICSI’ [Title] OR ‘cytoplasmic sperm injection’ [Title] OR ‘assisted conception’ [Title] OR
‘reproductive technolog*’ [Title] OR ‘subfertility’ [Title] OR ‘assisted reproduct*’ [Title]) AND (’set’ [Title] OR
‘eset’ [Title/Abstract] OR ‘e-set’ [Title/Abstract] OR ‘single embryo transfer’ [Title/Abstract] OR ‘DET’ [Title/Abstract]
OR ‘single embryo transfer’ [Title/Abstract] OR ‘multiple embryo transfer’ [Title/Abstract]) AND (English[lang]) AND
(Human[Mesh]) AND (‘1983’[PDat]: ‘2007’[PDat])

STATISTICAL
(‘in vitro fertilization’ [Title] OR ‘in-vitro fertilization’ [Title] OR ‘in vitro fertilisation’ [Title] OR ‘in-vitro fertilisation’ [Title]
OR ‘IVF’ [Title] OR ‘ICSI’ [Title] OR ‘cytoplasmic sperm injection’ [Title] OR ‘assisted conception’ [Title] OR
‘reproductive technolog*’ [Title] OR ‘subfertility’ [Title] OR ‘assisted reproduct*’ [Title]) AND (‘multivar*’ [Title/Abstract]
OR ‘logistic’ [Title/Abstract] OR ‘multi-level’ [Title/Abstract] OR ‘multilevel’ [Title/Abstract] OR ‘logit’ [Title/Abstract] OR
‘mathematical model*’ [Title/Abstract] OR ‘predict*’ [Title] OR ‘regression’ [Title/Abstract] OR ‘data
mining’ [Title/Abstract] OR ‘Bernoulli*’ [Title/Abstract] OR ‘spiers’ [Title/Abstract] OR ‘covaria*’ [Title/Abstract] OR
‘validation’ [Title/Abstract] AND (‘implant*’ [Title/Abstract] OR ‘pregnan*’ [Title/Abstract] OR ‘birth*’ [Title/Abstract] OR
‘receptivity’ [Title/Abstract] OR ‘viability’ [Title/Abstract] OR ‘success’ [Title] OR ‘prognosis’ [Title] OR
‘outcome’ [Title]) AND (English[lang]) AND (Humans[Mesh]) AND (‘1983’[PDat: ‘2007’[PDat])

FIGURE 3  Search strategy for Web of Science.

FIGURE 4  Search strategy for MEDLINE/PubMed.
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while maintaining success rates and dramatically 
reducing twin rates, but these comparisons suffer 
from the use of historic control data and the use of 
per-transfer outcomes.

Clinician and regulatory 
perspectives on eSET

There is widespread agreement among IVF 
clinicians that, at least in patients with good 
prognosis, policies to prevent multiple pregnancies, 
including twin pregnancies, are to be preferred. 
Although there are counter-arguments, for example 
Gleicher and Barad,19 claiming that if one assumes 
that the majority of patients want two babies, a 
comparison of risk between a single event of IVF 
twins and two separate IVF singleton pregnancies 
can be in favour of twins. Many recommendations 
have been made to increase the proportion of 
eSET and this is now legally prescribed in Sweden 
(reviewed in Bergh8). However many centres 
in the UK are reluctant to adopt policies that 
might lead to a reduction in pregnancy rates, 
particularly in the format published by the HFEA, 
and particularly where patients pay directly for the 
treatment. The format of outcome data published 
by the HFEA allows centres to be rated in ‘league 
tables’. This is widely seen as being of commercial 
value to centres in the top echelons; SET is more 
popular where the treatments are publicly funded, 
as in northern Europe. For example, in 2005 in 
Manchester within the NHS at St Mary’s Hospital 
the SET rate was 30%, while in the private sector 
at Manchester Fertility Services it was 10%. The 
definition of treatment success rate is crucial here20 
but, as yet, there is no consensus on a measure that 
takes the whole treatment programme, including 
embryo freezing, into account.

Patient perspectives on SET

Opinions on SET may differ between health 
professionals/policy makers and patients 
undergoing treatment; patients often view twins as 
a positive and not a negative outcome. Blennborn 
et al.21 interviewed 272 patients undergoing 
IVF (males and females) using a semistructured 
questionnaire to investigate the couple’s decision-
making in IVF treatment. Factors associated with 
opting for SET were previous childbirth and the 
availability of spare embryos to freeze. DET was 
more likely in couples who had undergone previous 
IVF treatment, and in those who held the belief 
that transferring two embryos would increase their 
chances of becoming pregnant. They also noted 
that, in spite of receiving good information on the 

associated risks, most couples preferred to have two 
embryos transferred. Pinborg et al.22 conducted a 
national survey in Denmark to explore the attitudes 
of IVF/ICSI twin mothers towards twins and SET. 
They found that this group of mothers was more 
likely to desire twins as a first child than either a 
singleton or a non-twin mother group. This group 
appeared to accept the known clinical risks of 
twins, as well as the associated social and physical 
outcomes of caring for two babies. Acceptance of 
SET was influenced by the experience of a very 
low birthweight baby; this presumably heightened 
awareness of morbidity and mortality outcomes in 
multiple birth. Many other studies have supported 
the view that patients undergoing IVF show a 
preference for twin pregnancies.23–25

In view of the evidence of patient preference for 
having two embryos transferred, Murray et al.26 
sought to investigate methods that might improve 
the acceptability of SET. Couples undergoing 
IVF treatment were randomised to one of three 
groups: group 1 (control) received the standard 
clinic information pack; group 2 received the 
standard pack plus an extra information sheet 
outlining the possible adverse outcomes of twin 
pregnancy; group 3 received the same as groups 
1 and 2 with an added 10-minute discussion with 
a member of staff, focused on the information on 
twin pregnancy. No new information was given, 
although couples could ask specific questions. The 
results revealed that neither method increased 
couples’ knowledge of the risk of twins or changed 
their attitudes towards SET. This is perhaps not 
surprising as attitudes and beliefs develop over 
extended periods of time and can be resistant to 
change.27 This particular intervention was not 
specifically targeted and did not allow for the 
member of staff to explore and work with the 
couple’s belief systems.

The clinical effectiveness and cost-effectiveness of 
SET cannot be fully assessed without conducting 
an RCT. Given the strength of feeling concerning 
choosing between SET and DET, and the emotional 
effects of treatment, the design and conduct of 
an RCT with this patient group would require 
careful consideration. Porter and Battacharya25 
undertook an exploration of the opinions of 
patients undergoing IVF and the views of staff of 
a proposed trial of eSET. They found that patients 
lacked awareness of the risks of multiple births. 
Opinions of the proposed RCT were largely 
adverse, except in younger women. Although staff 
appreciated the need for a thorough evaluation 
of SET, the notion of a double-blind RCT raised 
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both practical and ethical concerns, which often 
conflicted with their caring role.

Research that has emerged during the conduct of 
this study has continued to reinforce the strong 
patient preference for twins, while exploring 
methods of understanding the complex decision-
making process of women and couples in 
treatment. Twisk et al.28 presented a range of 
scenarios to women (in the stimulation phase 
of IVF or ICSI plus thawed/frozen embryos if 
available) to assess whether they would be willing 
to accept a lowered probability of pregnancy from 
SET in order to reduce twin pregnancies. When 
women were presented with a scenario in which the 
pregnancy rate of SET and DET were equal, 46% 
chose SET. However, once the pregnancy rates were 
adjusted to show that SET was 1%, 3% and 5% less 
effective than DET, the preference for SET fell to 
36%, 24% and 15% respectively. Similarly, when 
women were asked to consider additional cycles 
of SET to optimise pregnancy rates, preference 
rates began to decline after three treatment 
cycles. The findings show that the strong desire 
for a pregnancy outweighed the need to avoid a 
multiple pregnancy. They also note that treatment 
preferences may be different in couples who are 
self-funding.

van Peperstraten et al.29 used in-depth interviews 
with 20 patients and 19 IVF health professionals 
in the Netherlands to explore in more detail the 
factors that may influence treatment decisions. 
They found that couples and professionals lacked 
understanding about SET, and both groups were 
not clear about the advantages of performing SET 
in practice. There was concern about the lowered 
chances of success when using frozen embryos. 
Furthermore, in order to improve the uptake of 
SET both groups discussed the need for a positive 
reimbursement system for this treatment option.

The higher-risk profile associated with multiple 
pregnancies is not always recognised or 
acknowledged by couples undergoing treatment. 
One recent study investigated women’s and men’s 
understanding of information and the decision-
making process in SET.30 They found that, 
although women were aware of fetal risks associated 
with a twin pregnancy, they were less well informed 
about maternal risks. In this small sample of 54 
couples, acceptance of SET was associated with 
previous pregnancy, younger age and duration 
of infertility. One interesting study investigated 
whether the strength of the preferences for twins 
would be mitigated by providing knowledge of 

the more severe adverse outcomes.31 This was 
compared with the outcome of not achieving a 
pregnancy. A standard gamble method was used 
to explore preferences in 74 women waiting for 
IVF treatment. Scenarios included giving birth 
to a child with physical or cognitive or visual 
impairments and experiencing a perinatal death, 
without a subsequent pregnancy. A further scenario 
considered another birth outcome, that of a very 
preterm birth with morbidity and mortality left 
unspecified. The findings revealed that some 
women found the risk of severe child disability 
associated with DET to be more desirable than not 
having a child at all. The authors note that this 
construction of ‘treatment success’ is not in line 
with that of clinicians. They speculate that this 
may go some way to explain why couples continue 
to request DET, whether or not they have a good 
understanding of the associated risks of twin 
pregnancy.

In order for patients to make informed choices, 
accurate and relevant information is essential 
to this process.32 However, studies in subfertile 
couples undergoing IVF treatment have shown 
that information to date has either not been 
adequate or not been presented in a relevant and 
targeted way.26,30 The work of Scotland et al.31 has 
crystallised the strength and magnitude of the 
preference to achieve a pregnancy at all costs. This 
suggests that for many couples there is a need 
for a more in-depth information-giving process, 
which takes into account attitude and belief systems 
and allows patients to make their own informed 
decisions. Therefore, further research is required to 
understand the specific information needs of this 
patient group and the presentation and timing of 
this information.

Embryo selection for eSET

The ability to select a ‘top-quality’ embryo 
for transfer is crucial to the success of eSET 
(see, for example, De Neubourg et al.33). 
Selection is normally made on morphological 
grounds, with different scoring systems in use 
in different centres, based predominantly on 
embryo developmental stage (i.e. cell number, 
and morphological appearance including cell 
size, regularity, fragmentation, etc.). There is 
considerable interest in selection criteria34 and in 
alternative markers to morphology.35,36 Selection 
of embryos by extended in vitro culture to the 
blastocyst stage has received much attention,37–39 
and a Cochrane review,39 and was one approach 
suggested in the ACE/BFS guidelines.11 Invasive 
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pre-implantation genetic screening has been 
advocated as a potential approach and is available 
clinically.40 However, there is little evidence for 
its effectiveness in increasing treatment outcomes 
and, in contrast, recent prospective RCTs have 
provided evidence that the invasive nature of the 
embryo biopsy procedure may be detrimental.41,42 
Treatment policies on the length of time for which 
embryos are cultured before transfer or freezing 
and the use of cryopreservation differ between 
centres; thus, different centres will have differing 
numbers of embryos at different stages from which 
to select. To our knowledge, no comparative or 
modelling studies have been undertaken that 
consider the impact of different cryopreservation/
selection policies, and it is crucial to capture this 
in any assessment of the impact of SET. Horne et 
al.43 prospectively compared day 1 freezing with 
day 2, with transfer of fresh embryos on day 2 in 
both arms of the study. They found that the day 
2 freezing strategy led to a higher live birth rate 
from the fresh cycle, presumably as a result of 
enhanced embryo selection because all embryos 
were available for selection for fresh transfer, but 
a lower pregnancy rate per frozen embryo cycle. 
Both strategies yielded similar final cumulative 
pregnancy rates.

Economics of eSET

Few studies looking specifically at eSET from 
the economic perspective have been reported 
(reviewed in Bergh8 and Fiddelers et al.44). From a 
societal perspective, these indicate that the savings 
in health costs associated with twin pregnancies 
may offset the direct additional costs of the repeat 
SET cycles required to maintain the same take-
home baby rate. However, in many cases the direct 
costs of treatment are borne by the patients, while 
the costs associated with multiple births are (in the 
UK) met within the NHS. A recent publication45 
studied the impact of multiple births from a UK 
perspective. In addition, there are less readily 
quantifiable costs associated with a potential 
requirement for extra treatment cycles per baby in 
eSET.

Inference from patient cohorts

Three approaches have been used to extract 
information from retrospective data from patient 
cohorts:

1.	 Estimation of pregnancy or live birth rates 
arising from SET versus DET, with a range of 

outcome definitions and patient subsets.46–51 
These suffer from inbuilt biases in the selection 
of patients for SET. In many retrospective 
datasets it is difficult to know the true reason 
for SET, unless only one embryo is available. In 
some studies this is ‘patient choice’, in others 
it is perceived clinical need (patients for whom 
twin pregnancies are contraindicated) or some 
combination of the two.

2.	 Logistic regression of success rates and twin 
rates in DET have been commonly used to 
determine factors that predict a high twinning 
probability (e.g. Strandell et al.52). These 
methods potentially identify high-risk groups 
but give no information on the potential 
outcomes if SET were used.

3.	 Explicit modelling of embryo and recipient 
(uterine) effects. Within this framework, 
models derived from DET data can be used 
to predict SET outcomes. The first published 
example utilising this embryo–uterus (EU) 
approach, Hunault et al.,53 uses the Zhou 
and Weinberg model,54 but attributes all the 
prognostic parameters to the embryo, fitting 
a constant uterine receptivity (U). Analysis 
of a Manchester series2 also used the EU 
approach and considered the possibility 
that factors may influence both the E and U 
components, but there was insufficient data to 
identify which of the submodels (E or U) was 
appropriate for each parameter. A Bayesian 
approach with the possibility of incorporating 
a hierarchical structure was examined by Dukic 
and Hogan,55 although issues surrounding 
prior distributions and parameter identifiably 
were observed. These models have the 
advantage that they allow predictions of SET 
outcomes from multiple embryo transfer 
data, avoiding the selection issues in the 
retrospective comparative studies. The models 
make other assumptions, particularly around 
the independence of the embryo and uterine 
effects, although there is no evidence that these 
assumptions are inappropriate.

Other methodological approaches that have 
received attention are case-based reasoning 
algorithms,56 causal models57 and Markov chain 
models.58 The last study provided an alternative 
to time-to-event analysis for multiple cycles where 
in each cycle a patient can move across outcome 
states. These methods are not readily applicable 
to the questions posed by this study, so are not 
considered further. They may or may not have 
advantages in other situations.
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In all these types of analysis considerable care 
and expertise is required in conducting and 
interpreting the analyses, not only because of 
the inbuilt biases of the observational data but 
also to account appropriately for the non-trivial 
correlation structures between multiple egg-
collection and replacement cycles from the same 
individuals and from centre and cohort effects. 
Such considerations are rare in the analyses 
published to date.

Prognostic factors for IVF 
success

Retrospective studies have identified a number 
of patient, embryo and treatment factors that 
are associated with treatment success. In order to 
derive a list of factors that should be considered in 
any modelling exercise, a review of the literature 
was undertaken in May 2007 and updated in 
November 2008. Searching electronic databases 
identified 51 papers in which potential prognostic 
factors were analysed for their influence on an IVF-
related response. The tables below were collated 
for each type of risk (broadly categorised as age, 
diagnosis, egg and embryo numbers, embryo 
quality, biological, treatment, and other factors). 
These show studies where an association between 
the risk factor and the response was found, but do 
not include studies where a risk factor was tested 
but not found to be of significant interest. The 
results also indicate the nature of the observed 
effect, the size of the dataset and the methodology 
employed. There was no attempt made to 
synthesise this evidence or to assess the quality 
of the studies and their relevance to the general 
population of patients undergoing IVF.

As expected, age appears to be the variable with 
the greatest body of evidence to support an impact 
on IVF response (Table 2). Though many studies 
include age as a continuous variable in the linear 
predictors and universally observe a decline in 
success as patients get older, studies that allowed 
more complex representations of age tended 
to find the greatest success rate for patients in 
their twenties. There is also strong evidence that 
various measures of embryo quality can impact on 
success rates (Table 3). This is despite the fact that 
most studies adopted an aggregated approach in 
taking a measure to represent all embryos. This 
is often taken with a measure of egg or embryo 
number, such as the number of retrieved oocytes or 
fertilised embryos (Table 4). Both studies adopting 
the EU approach, which avoids the necessity for 

aggregation, found embryo quality measures to be 
strongly prognostic.

Many studies suggested that diagnosis (Table 5), 
treatment (Table 6) and biological (Table 7) variables 
can impact on the success of IVF. Previous success 
or pregnancy/live birth appear to have an impact 
(Table 6). The evidence for an impact of biological 
variables such as follicle-stimulating hormone 
(FSH) is less clear, and the results of the meta-
analysis59 were equivocal. There is some weak 
evidence for an impact of lifestyle factors such as 
smoking, alcohol consumption and body mass 
index (BMI) on outcome (Table 8), but there is a 
dearth of lifestyle studies with objective measures.

The published results give us a good indication of 
what variables should be included (where available) 
in analyses for this study. If confirmed they could 
provide a basis for selection by showing which 
characteristics are likely to produce a live birth, 
and furthermore show which are most likely to 
differentiate cycles with a singleton live birth versus 
multiple live births.

Statistical modelling 
approaches
Logistic regression models
Most work on prognostic factors has utilised 
standard logistic regression in one form or another 
with IVF outcome being modelled as a function of 
patient and cycle characteristics. Some of this work 
is reviewed above (see Prognostic factors for IVF 
success). Utilising standard logistic regression (LR) 
models using patient-level covariates poses two 
problems: firstly the nature of the outcome, and 
secondly the handling of embryo-level covariates.

The usual measure of IVF outcome is the number 
of live babies produced in some unit of treatment, 
which may be a singleton, twin or a higher-order 
multiple birth. Most work in the field uses a binary 
LBE – one or more babies, but this is clearly not 
very useful if we wish to look at twin incidence. 
Some workers have created separate models for 
live birth and for multiple births.53,72 Another 
approach, and the one we adopt here, is to model 
LBE and then multiple births in those who have an 
LBE.85

Characteristics, such as morphological grade, 
measured on the transferred embryos are difficult 
to incorporate into a patient/cycle LR model, not 
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TABLE 2  Studies reporting age as a prognostic factor

Study Nature of effect Dataset size Model type – response

Akande et al. 200260 Cubic (peak mid-20s) 2684 embryos, 977 
transfers

Logistic regression – pregnancy and 
birth

Alsalili et al. 199561 Age (decline in success as older) 5209 cycles (2391 couples) Time-to-event (Cox) – pregnancy

Chuang et al. 200362 Age (decline in success as older) 1405 (1st cycle) Logistic regression – pregnancy and 
cancellation

Commengues-
Ducos et al. 199863

Poorer prognosis ≥ 38 years 923 transfers Logistic regression (with REs) – 
pregnancy and implantation

Croucher et al. 
199864

Age (five bands) 5073 (1st cycle) Significance tests – number of 
oocytes, pregnancy

Elizur et al. 200565 Age (banded – 26–30 years best) 5310 cycles (with transfer) Survival analysis (discrete) – live birth

Engmann et al. 
200166

Age (decline in success as older) 7700 cycles (4417 women) Logistic regression (robust) – birth 

Haan et al. 199167 Age (> 36 poorer) 3392 cycles Logistic regression – pregnancy 

Haggarty et al. 
200668

Age (decline in success as older) 602 women (1st cycle) Logistic/ordinal – birth

Hunault et al. 200253 Age 642 women (1st cycle) Logistic/EU model – pregnancy + twin 
pregnancy

Kupka et al. 200369 Age (banded – peak mid–20s) 174,909 treatments Logistic – pregnancy 

Lee et al. 200670 Age (decline in success as older) 584 transfers Logistic – pregnancy 

Minaretzis et al. 
199871

Age (decline in success as older) 544 cycles Logistic – pregnancy, birth and 
multiples

Ottosen et al. 
200772

Age 2193 DET cycles Logistic (robust) – pregnant vs not 
pregnant, twin vs not twin

Rhodes et al. 200573 Age (decline in success as older) 205 (1st cycle) Logistic – pregnancy 

Roberts et al. 20092 Age (spline – cubic) 1198 EU model – multinomial response 
(live birth)

Roseboom et al. 
199574

Age (decline in success as older) 222 transfers Logistic – pregnancy 

Sabatin et al. 200875 Age (interaction with FSH) 1589 Significance tests (various outcomes), 
logistic regression (live births)

Sharif et al. 199876 Age 344 (1st cycle) Logistic – pregnancy 

Stolwijk et al. 199677 Age (decline in success) 757 (1st cycle) 454 (2nd 
cycle)

Logistic – pregnancy (1st and 2nd 
given first)

Strandell et al. 
200052

Age (decline in success) 2107 cycles Logistic (robust) – birth and multiple 
birth

Tan et al. 199278 Age (decline) 5055 cycles Survival analysis and logistic – 
pregnancy + live birth + failure of 
pregnancy

Templeton et al. 
199679

Age (polynomial – cubic – peak 
25–30)

36,961 cycles (2893 
women)

Logistic (robust) – birth

Terriou et al. 200180 Age (decline in success as older) 10,000 transfers (5000 
build model and 5000 test)

Logistic – pregnancy

Tsafrir et al. 200781 Age 381 (over 40 year olds) Logistic – pregnancy

van der Gaast et al. 
200682

Age (in relation to number of 
oocytes)

7422 (1st cycle) Not clear – multivariable – number 
of oocytes, pregnancy

Wald et al. 200583 Age 113 cycles (85 patients) Neural networks, discriminant 
analysis, logistic – pregnancy

Weigert et al. 200184 Age (grouped 26–30 best) 8185 cycles Logistic – pregnancy

Wheeler et al. 
199885

Age (decline in success) 795 cycles Logistic/conditional logistic – 
implantation

Zhou and Weinberg 
199854

Age (decline in success) 161 patients EU model
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TABLE 3  Studies reporting morphological embryo quality measures as prognostic factors

Study Nature of effect Dataset size Model type – response

Commengues-Ducos et 
al. 199863

Aggregated approach (e.g. 
one bad and two good)

923 transfers Logistic regression (with REs) – 
pregnancy and implantation

Hunault et al. 200253 Development stage, 
morphology score

642 women (1st cycle) Logistic/EU model – pregnancy and 
twin pregnancy

Lee et al. 200670 Cumulative embryo score 
(top three)

584 transfers Logistic – pregnancy 

Minaretzis et al. 199871 Embryo cell/quality 544 cycles Logistic – pregnancy, birth and 
multiples

Ottosen et al. 200772 Embryo quality of best 
and second best

2193 DET cycles Logistic (robust) – pregnant vs not 
pregnant, twin vs not twin

Roberts et al. 20092 Embryos score (spline) 1198 EU model – multinomial response 
(live birth)

Roseboom et al. 199574 Average morphology 
score

222 transfers Logistic – pregnancy 

Stolwijk et al. 199677 Number transferred 
embryos of good quality

757 (1st cycle), 454 (2nd 
cycle)

Logistic – pregnancy (1st and 2nd 
given first)

Strandell et al. 200052 Number transferred 
embryos of good quality

2107 cycles Logistic (robust) – birth and multiple 
birth

Terriou et al. 200180 Cumulative score/mean 
score

10,000 transfers (5000 
build model and 5000 test)

Logistic – pregnancy

Wheeler et al. 199885 Total embryo score 795 cycles Logistic/conditional logistic – 
implantation

Wilding et al. 200787 Oocyte score 822 Significance tests, linear regression 
(fertilisation outcome)

Zhou et al. 199854 Number cells (embryo 
level)

161 patients EU model

TABLE 4  Studies reporting numbers of eggs and embryos as prognostic factors

Study Nature of effect Dataset size Model type – response

Elizur et al. 200565 Two embryos doubles live 
birth

5310 cycles (with transfer) Survival analysis (discrete) – live birth

Hunault et al. 200253 Number of oocytes 642 women (1st cycle) Logistic/EU model – pregnancy and 
twin pregnancy

Rhodes et al. 200573 Number of oocytes, % 
fertilised

205 (1st cycle) Logistic – pregnancy 

Roseboom et al. 199574 Number embryos 222 transfers Logistic – pregnancy 

Stolwijk et al. 199677 Number fertilised 
oocytes, number 
transferred embryos

757 (1st cycle) 454 (2nd 
cycle)

Logistic – pregnancy (1st and 2nd 
given first)

Terriou et al. 200180 Number oocytes 
retrieved, number 
transferred

10,000 transfers (5000 
build model and 5000 test)

Logistic – pregnancy

Tsafrir et al. 200781 Number transferred 381 (over 40-year-olds) Logistic – pregnancy

van der Gaast et al. 
200686

Number retrieved 
oocytes

7422 (1st cycle) Not clear – multivariable – number of 
oocytes, pregnancy

Weigert et al. 200184 Number transferred 8185 cycles Logistic – pregnancy
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least as it is in many cases unknown which of the 
embryos led to a successful outcome. The usual 
approach is to create some aggregate embryo 
covariate using either an average of the embryo 
parameters or the ‘best’ embryo. The approach 
here follows that of Roberts1 and uses a simple 
mean of the parameters across all transferred 
embryos.

A third issue is the non-independence of multiple 
cycles from the same couples. Although this can 
in principle be very complex,97 for most realistic 
scenarios these can be handled by the addition of 
standard random effects representing levels in the 
hierarchy above the cycle. In the work considered 
here there are couple effects (repeat egg collections 
from the same couple) and egg collection effect 
(multiple transfer cycles of fresh or cryopreserved 
eggs collected in a single procedure).

The EU model

Full details of the approach used here are given 
in the papers by Roberts1 and Roberts et al.2 The 
EU approach was first introduced by Speirs et 
al.98 In the EU model the success of an embryo 
transfer is portioned into two components: the 
embryo implantation probability, E, and the 

uterine receptivity, U. For a successful transfer at 
least one embryo has to implant and the uterus 
has to be receptive. The E and U parameters 
give the probabilities of each of these events, and 
simple probability calculations can then give the 
probabilities of success (one or more embryos 
implanting in a receptive uterus), failure (no 
embryos or a non-receptive uterus) or multiple 
pregnancies. The Speirs model assumes a constant 
E and U across all embryos and uteri. The model 
has been extended to model separately the E and 
U components using logistic regression models.1,54

It is to be noted that this formulation explicitly 
excludes monozygous twins, and such events would 
be considered single successful embryos within 
the context of the model. Generally monozygous 
twins are not identified in the available data, but 
the incidence is low and not a major bias in the 
analysis.99

There is an explicit assumption that the embryos 
and uterine probabilities are independent (after 
conditioning on the covariates). There are some 
claims that embryos exert a ‘helper effect’ on each 
other,100 but the evidence is weak and compromised 
by incomplete consideration of covariates and 
patient selection biases.

TABLE 5  Studies reporting maternal or paternal diagnoses as prognostic factors

Study Nature of effect Dataset size Model type – response

Alsalili et al. 199561 Male infertility (worse) 5209 cycles (2391 couples) Time-to-event (Cox) – pregnancy

Engmann et al. 200166 Diagnosis 7700 cycles (4417 women) Logistic regression (robust) – birth

Haan et al. 199167 Male factor (worse), one 
ovary (worse)

3392 cycles Logistic regression – pregnancy

Minaretzis et al. 199871 Diagnosis 544 cycles Logistic – pregnancy, birth and 
multiples

Roberts et al. 20092 Diagnosis (idiopathic – 
better)

1198 EU model – multinomial response 
(live birth)

Roseboom et al. 199574 Age–diagnosis interaction 222 transfers Logistic – pregnancy 

Stolwijk et al. 199677 Idiopathic (worse) 757 (1st cycle), 454 (2nd 
cycle)

Logistic – pregnancy (1st and 2nd 
given first)

Strandell et al. 200052 Diagnosis (tubal worse) 2107 cycles Logistic (robust) – birth and multiple 
birth

Tan et al. 199278 Diagnosis (male factor 
worse)

5055 cycles Survival analysis and logistic – 
pregnancy + live birth + failure of 
pregnancy

Templeton et al. 199679 Diagnosis (unexplained 
better)

36,961 cycles (2893 
women)

Logistic (robust) – birth

Wald et al. 200583 Male infertility/sperm 113 cycles (85 patients) Neural networks, discriminant 
analysis, logistic – pregnancy
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The interpretation of the uterine component, U, 
has broadened since its inception by Speirs et al.98 
In analyses such as these it encompasses a wider 
range of influences that act on any potentially 

TABLE 6  Studies reporting treatment factors as prognostic indicators

Study Nature of effect Dataset size Model type – response

Commengues-Ducos et 
al. 199863

Number of ampoules of 
gonadotrophins, use of 
donor sperm, previous 
treatment

923 transfers Logistic regression (with REs) – 
pregnancy and implantation

Croucher et al. 199864 Previous pregnancy (1st 
cycle) – increase 

2396 (2nd cycle) Significance tests

de Klerk et al. 200892 Treatment regime 289 Logistic – live birth

Elizur et al. 200565 ICSI – increase 5310 cycles (with transfer) Survival analysis (discrete) – live birth

Engmann et al. 200166 Previous live birth (IVF) 
– increase; number 
of previous failures – 
decrease 

7700 cycles (4417 women) Logistic regression (robust) – birth

Haan et al. 199167 Duration of infertility (≥ 6 
years worse); treatment 
number – decrease

3392 cycles Logistic regression – pregnancy

Hunault et al. 200253 Day of transfer 642 women (1st cycle) Logistic/EU model – pregnancy and 
twin pregnancy

Kupka et al. 200369 Previous ART success – 
increase

174,909 treatments Logistic – pregnancy

Rhodes et al. 200573 ICSI – increase; Cook 
catheter – decrease; 
Catheter blood – 
decrease; embryologist 

205 (1st cycle) Logistic – pregnancy 

Roberts et al. 20092 Attempt number 
(> 2 = worse)

1198 EU model – multinomial response 
(live birth)

Stolwijk et al. 199677 Previous pregnancy – 
increase; previous 1st 
cycle embryo transfer 
(increase)

757 (1st cycle) 454 (2nd 
cycle)

Logistic – pregnancy (1st and 2nd 
given first)

Strandell et al. 200052 No. of previous cycles – 
decrease 

2107 cycles Logistic (robust) – birth and multiple 
birth

Tan et al. 199278 Decrease over cycles 5055 cycles Survival analysis and logistic – 
pregnancy + live birth + failure of 
pregnancy

Tan et al. 199493 Treatment regime 2893 women Life-table/logistic

Templeton et al. 199679 Use of donor eggs 
improves response

Previous pregnancy 
(stronger effect for live 
birth and previous IVF)

Duration of infertility – 
longer = worse

36,961 cycles (2893 
women)

Logistic (robust) – birth

Tsafrir et al. 200781 Drug dose 381 (over 40-year-olds) Logistic – pregnancy

Wald et al. 200583 Duration of infertility 113 cycles (85 patients) Neural networks, discriminant 
analysis, logistic – pregnancy

ART, assisted reproductive technologies.

implanting embryos and includes a range of cycle-
specific as well as parental factors that may affect 
the ability of the mother to carry the pregnancy to 
term.
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TABLE 7  Studies reporting biological factors as prognostic indicators

Study Nature of effect Dataset size Model type – response

Akande et al. 200260 FSH linear/non-linear 
decline

2684 embryos, 977 
transfers

Logistic regression – pregnancy and 
birth

Alsalili et al. 199561 Serum estradiol (positive) 5209 cycles (2391 couples) Time-to-event (Cox)/pregnancy

Bancsi et al. 200359 FSH (of limited value) 21 studies Meta-analysis

Chuang et al. 200362 FSH 1405 (1st cycle) Significance test, ANOVA – number 
of oocytes retrieved and fertilised

Dafopoulos et al. 200588 Sperm motility (ICSI 
patients)

165 (1st cycle) Logistic regression – pregnancy

Ferlitsch et al. 200489 FSH (lower = better) 171 (1st cycle) Logistic regression – pregnancy 

Fujimoto et al. 200790 FSH (lower = better), 
normal menstrual 
cycle = better

112 (age over 40) Significance tests – live births

Ottosen et al. 200772 FSH 2193 DET cycles Logistic (robust) – pregnant vs not 
pregnant, twin vs not twin

Roberts et al. 20092 FSH, sperm 
count, previous 
pregnancy = better

1198 EU model – multinomial response 
(live birth)

Sabatin et al. 200875 Age (interaction with 
FSH)

1589 Significance tests (various outcomes), 
logistic regression (live births)

Yanushpolsky et al. 
200391

FSH (day 3 and day 10) 483 retrievals (353 
patients)

Logistic – pregnancy and live birth

TABLE 8  Studies reporting lifestyle and other prognostic factors

Study Nature of effect Dataset size Model type – response

de Klerk et al. 200892 Anxiety/depression (mild 
does worse – but small 
effect)

289 Logistic – live birth

Haan et al. 199167 Treatment centre 3392 cycles Logistic regression – pregnancy

Haggarty et al. 200668 Genetic, nutritional 602 women (1st cycle) Logistic/ordinal – birth, logistic/
ordinal – multiples 

Ferlitsch et al. 200489 BMI (lower = better) 171 (1st cycle) Logistic regression – pregnancy 

Morris et al. 200694 Exercise (> 4 hours/week 
may reduce live births/
increase cancellation of 
cycle and cardiovascular 
work may reduce live 
births)

2232 Logistic (live births vs four separate 
failure outcomes)

Purcell et al. 200795 Ethnicity (Asian origin 
poorer)

23,772 (1st cycle) Logistic – pregnancy and live birth

Roberts et al. 20092 Smoking (worse) and 
alcohol 

1198 EU model – multinomial response 
(live birth)

Sneed et al. 200896 BMI (interaction with 
age – high BMI in young 
patients = poor response)

1273 Logistic and linear regression (various 
responses)

Weigert et al. 200184 Seasonality (December 
optimal)

8185 cycles Logistic – pregnancy
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*Fitting the EU model
Given the model defined in the section above, we 
can construct an observed data likelihood function, 
and obtain parameter estimates for the covariates 
by direct maximisation of this likelihood. Full 
details are given in Roberts.1 For this study the 
optimisation is performed used custom-developed 
code in the statistical programming language R101 
using a quasi-Newton method.102

Models are formally compared using standard 
likelihood ratio tests (LRTs), and these are used to 
derive significance levels for parameters. Standard 
errors of parameter estimates are derived using a 
Wald-style approximation based on the inverse of 
the Hessian of the log-likelihood function. Profile 
likelihood limits as used in, for example Roberts et 
al.2 are computationally infeasible in datasets of the 
size being analysed here.

The EU model has two submodels, one for 
characteristics affecting the embryos, E, and one 
for ‘uterine’ characteristics, U. It is not clear 
a priori whether factors such as age should be 
entered into the E, the U or both submodels. 
Although patient characteristics such as age 
are measured at the patient (U) level, they may 
act through embryo characteristics. In some 
cases there is a natural level at which a clinical 
observation should be added: for example, a 
tubal diagnosis is unlikely to affect embryo quality 
or the use of donor sperm uterine receptivity. 
However, even in these cases it is feasible that in 
observational data effects in submodels that would 
be considered clinically unreasonable may be 
mediated through patient selection and treatment 
effects. In principle, the appropriate submodel 
can be identified from the data, where there are 
multiple embryo transfers, as it affects the twin 
rates differently from success rates, but such 
identification is weak.1 Additionally the models 
being compared are not nested, so no inferential 
test exists and we have to use model selection 
criteria such as Akaike’s information criterion (AIC, 
see below).

*Extending the EU model 
to include between-cycle 
correlations
The EU model can be relatively easily extended 
to include a single random effect in the U 
submodel. This exploits the fact that the 
observed data likelihood can be factorised into 
a product of individual cycle components, and 

the multidimensional integral necessary to allow 
for the random effects then becomes a product 
of one-dimensional integrals, and therefore 
computationally feasible. Even so, given the sizes 
of datasets in this project, computationally it is only 
possible to look at a few restricted models in this 
way. Extensions to allow for random effects in E or 
multilevel random effects are not yet feasible.

Presentation of model fits

Tables of the parameter estimates are shown 
together with their estimated standard errors 
(derived from a standard Wald approach). 
Depending on the context these are presented with 
LRT-derived p-values for removal of each variable 
from the model. Note that each variable in the 
model may include a number of model parameters: 
we generally present significance tests for the 
removal of these as a set.

Sets of plots such as those shown in Figure 5 are 
used to visualise the fits. In these plots predicted 
(fitted) probabilities are shown against selected 
variables, in this example year of treatment. Panel 
(a) shows the probability of an LBE, panel (b) that 
of a multiple birth event, and panel (c) the ratios 
of multiple births to LBE. Box and whisker plots 
show the range of predicted probabilities across all 
the individuals in the dataset with the given values 
of the selected variable, with a horizontal line 
for the median value, a shaded box covering the 
interquartile range and whiskers extending to the 
full range of values seen in the data. These show 
the actual values in the full population, allowing 
for any differences in other variables that may be 
associated with the given variable. For example, 
the distribution of patient ages may vary between 
years, and this will be reflected in the predictions 
shown. To visualise the pure effect of the selected 
variable a line is added showing the prediction for 
a ‘typical’ patient where all other variables are held 
constant and only the variable in question varied. 
This typical patient has mean or modal values for 
the parameters as shown in Table 9. As can be seen 
in Figure 5, this typical patient may have success or 
twin probabilities that appear somewhat different 
than the median of patients; setting each individual 
parameter to a typical value does not necessarily 
produce a patient with a totally typical prognosis.

For an EU model we can produce similar plots for 
the E and U probabilities as shown in panels (d) 
and (e) of Figure 5.
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Similar plots can be produced showing the spread 
of predicted values and the observed values, and an 
example is show in Figure 6, in which the thick line 
shows the actual probabilities in the dataset used to 
derive the fit.

Assessment of model fits
With any statistical model it is important to assess 
how closely it fits the observed values in the dataset. 
Our models have binary (yes/no) outcomes such as 
LBE and twins. One useful measure of goodness 
of fit is the predictive accuracy, measured by the 
area under the receiver operating characteristic 
(ROC) curve, which in practice takes values 
from 0.5 (useless) to 1.0 (perfect). Simple visual 
methods, such as the examination of observed 
versus predicted outcomes for groups of patients 
(as in Figure 6), are often informative, along with 
systematic testing of additional model complexity.

As a model becomes more complicated with 
additional terms it can only fit more and more 
closely to the observed data. There is then a danger 
of ‘overfitting’, in that the model is so specific to 
the observed dataset that it loses generalisability. 
The aim of our modelling is parsimony – to include 
only the important terms so as to find a relatively 
simple model that describes the observed data. 
For logistic regression this is often addressed by 
likelihood ratio testing – formal tests of statistical 
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FIGURE 5  Example plots showing a fit and its predicted values for an EU model. (a) Live births; (b) multiple births; (c) multiple birth 
rate; (d) U; (e) E.

TABLE 9  The ‘typical’ cycle used as a baseline in presenting 
model fits

Variable Value

Age 34

Embryos created 6

Previous treatments 0

Pregnancy history Never pregnant

Duration of infertility 4 years

Diagnosis Idiopathic

Type of fertilisation IVF

Sperm source Partner

Day of transfer 2

Year of treatment 2003
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significance. The addition of each term is assessed 
by comparison of the goodness of fit with and 
without that term, and only terms that justify their 
inclusion (statistically significant) are retained. 
However statistical significance is not the best 
indicator of the ‘best’ model, as factors that would 
not be considered significant (using, say, the 
usual p = 0.05 criterion) can be useful predictors. 
Moreover, for some of the more sophisticated 
models presented here likelihood ratio testing is 
not always possible.

Thus ‘information criteria’ are used to choose 
between models. The AIC is the most widely used 
to trade model complexity against goodness of fit. 

We use this and the Bayesian information criterion 
(BIC), the latter having the advantage in large 
datasets of also accounting for the influence of 
sample size in determining statistical significance 
(in large datasets almost any effect is ‘significant’).

For estimating sampling errors in the model 
parameters and predicted outcomes we have used 
bootstrapping,103 a relatively recent but increasingly 
standard method for complex end points. We 
have also utilised a bootstrap-based calibration 
procedure104 to assess whether the fitted model 
displays characteristics of overfitting. A well-fitting 
model should give a calibration intercept close to 0 
and slope close to 1.
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FIGURE 6  Example fitted value plot showing addition of actual probabilities from the dataset. (a) Live births; (b) multiple births.
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This chapter describes the methodology and 
results from the in-depth qualitative interviews 

that were conducted in order to access patient 
perspectives with couples who were undergoing 
IVF treatment.

Interview conduct and 
analysis methods
The aim was to explore the patients’ perspective 
of treatment choices as they travel through the 
treatment process. Therefore, interviews were 
conducted at three key decision-making phases:

•	 pre-treatment – patients on the waiting list for 
IVF (NHS only)

•	 in treatment – after the first information 
meeting and clinical appointment or receiving 
active treatment

•	 post treatment – after the second cycle of 
treatment or treatment completed – this last 
group was included as it allowed for views to 
be assessed once the outcome of an initial 
treatment cycle was known and after having 
had the opportunity to reflect on the choices 
through a second treatment cycle.

The interviews were semistructured and designed 
to be conversational in style. An interview schedule 
was designed in response to the aims of the 
project and the existing research literature. This 
schedule was refined and adapted over the first 
few interviews. Each interview began by explaining 
the purpose of the study and by asking a few short 
demographic questions relevant to the study. As the 
interviews were conducted with women and couples 
at varying treatment stages, the interviewer used 
hypothetical questions to access opinions on key 
issues or where couples lacked direct experience. 
The interview enquired about the general 
experience and impact of treatment to date, and 
perceptions of what constitutes a ‘good’ outcome 
were explored. The second focus of the interview 
concentrated on the move towards SET. Current 
knowledge of the difference between SET and DET 
was explored, and attitudes and beliefs towards 

multiple births were sought. A particular emphasis 
was placed on the patients’ understanding of 
the risks associated with multiple pregnancies. 
Facilitators and barriers to potential changes 
in SET policy were investigated. Other areas 
covered included preferences about involvement 
in treatment decision-making, current sources of 
information and information needs and views on 
RCTs of eSET.

Setting and sample

A purposive sampling technique was employed to 
ensure maximum diversity of sample to include 
different female ages, parity, duration of infertility 
and source of funding (which is also related to 
the number of treatment cycles that the couple 
receive). Couples and women were recruited from 
two assisted conception centres (one NHS and one 
private hospital). Three recruitment strategies were 
used, one facilitated by the NHS clinic research 
nurse:

1.	 Patients were selected by a research nurse 
from the clinic waiting/appointments list. The 
research nurse was briefed on the selection 
criteria for the interviews. The nurse then 
mailed a letter of invitation and provided 
information about the study to the patients. 
Those who expressed a wish to be contacted 
were then followed up by the researcher. 
Patients were contacted by telephone or email 
(LMcG) to discuss the study and answer any 
queries or concerns. In total 80 patients were 
mailed. Forty-six couples did not respond 
to the initial mail request. Owing to ethical 
and time constraints we were not able to do 
a follow-up mailing or use other reminders 
that may have improved the response rate. 
Seventeen replied stating that they were not 
willing to be contacted. Of those who agreed to 
be contacted one declined to take part as she 
had recently experienced a failed cycle, and 
three did not respond to telephone calls and/
or emails. In total this approach yielded 13 
interviews.

Chapter 2  
Patients’ perspectives on twins 

and single embryo transfer
Patients’ perspectives on twins and SET
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2.	 The qualitative researcher (LMcG) attended 
one meeting held at the NHS hospital for 
patients on the waiting list. The purpose of 
these meetings was to brief patients about the 
treatment process. At the end of the session the 
researcher described the study briefly. Those 
who expressed an interest were given a study 
pack. This approach resulted in eight positive 
enquires and four interviews were subsequently 
conducted.

3.	 A poster was placed in the waiting room 
of the private hospitals. Patients who were 
interested in the study were asked to request 
an information pack from the nurses in the 
clinic. They then took this home and replied 
to the researcher using the invitation slip if 
they wished to be contacted. It is not possible 
to gauge an accurate response rate with this 
approach. However, all the private clinic 
patients (n=10) were recruited by this means.

The first two strategies were exclusively used in the 
NHS setting, and proved to be of limited value. 
In particular, the mail shot was the least successful 
method of recruiting patients. The use of a poster 
(option 3) proved to be a successful mode of 
recruitment in the private clinic (i.e. more patients 
recruited in shortest amount of time). The use of a 
study poster was first suggested by the manager of 
the private clinic and this was the most successful 
method.

The final number of interviews conducted was 
27. The sample consisted of 14 couples and 13 
women (who attended the interview without their 
partner); 17 were funded by the NHS and 10 were 
self-funded. Seven were interviewed pre-treatment, 
13 during treatment and seven post treatment. 
It should be noted that three of the women 
interviewed under the classification post treatment 
were not pregnant at the time of being approached 
to do the interview; however, by the time the 
interview was conducted these women were 
approximately 5 weeks pregnant. This was because 
these women initially did not know that they were 
pregnant following a cycle or they had undertaken 
a new cycle before agreeing to be interviewed. All 
these women were receiving treatment from the 
private clinic.

Characteristics of the sample are displayed in Table 
10a and 10b.

TABLE 10a  Treatment characteristics of the interview sample 
(n = 27 couples)

Mean (range)

Time seeking treatment (reported by 
participants)

40 months 
(18–180)

n (%)

Funding (total)

Private 10 (37)

NHS 17 (63)

Funding (NHS only)

Three cycles funded by PCT 16 (94)

Woman did not know 1 (6)

Stage of treatment

Pre-treatment 7 (26)

In treatment 13 (48)

Post treatment 7 (26)

Types of treatment

IVF only 22 (81)

IVF + ICSI 3 (11)

IVF + surgical sperm retrieval 2 (7)

IVF + donor insemination 1 (4)

IVF + egg donation 1 (4)

Reason for infertility/IVFa

Female (n = 27)

Unexplained 8 (30)

Blocked fallopian tube 7 (26)

Endometriosis + blocked fallopian 
tube 

2 (7)

PCOS 2 (7)

Previous kidney transplant 1 (4)

Low ovulation 1 (4)

Turner syndrome 1 (4)

No problem 5 (19)

Partner (n = 26 male, n = 1 female)

No problem 22 (81)

Failed vasectomy reversal 2 (7)

Absence of vas deferens 1 (4)

Low semen count 1 (4)

Operation affected fertility 1 (4)

Female 1 (4)

a	 The reasons for infertility are based on patients own 
definitions, not clinical classifications.
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Data collection
Data were collected by in-depth semistructured 
interviews. All interviews were digitally recorded, 
with permission, and transcribed verbatim. Codes 
were used to conceal participants’ identity and 
anonymity and confidentiality were assured. 
Participants were reassured that the digital 
recordings would be destroyed after transcription, 
and that all names referred to in the recordings 
would be replaced with pseudonyms. Interviews 
were conducted in a place of the participants 
choosing, usually at home (eight interviews in 
a hospital setting). The length of the interviews 
ranged from 40 minutes to 3.5 hours.

Data were managed using the qualitative software 
package nvivo 7.105

Data analysis
The 27 interviews were analysed following the 
principles of framework analysis.106 This method 
was designed to facilitate the systematic analysis of 
qualitative data, which summarises and classifies 
data within a thematic framework. The analysis 
can be based in original accounts of those studied 
(inductive), or be derived from a priori hypotheses 
(deductive), or both. Framework analysis was 
chosen for the following reasons:

1.	 It provides coherence and structure to 
otherwise cumbersome, qualitative data (i.e. 
interview transcripts).

2.	 It facilitates systematic analysis, thus allowing 
the research process to be explicit and 
replicable.

3.	 Despite the inherent structure, the process of 
abstraction and conceptualisation allow the 
researcher to be creative with the data.

Framework analysis involves a number of stages, 
but this does not imply linearity, as these stages are 
highly interconnected. There are five key stages 
involved in the analysis:

1.	 Familiarisation  The transcripts are read 
thoroughly by the researcher, so that he or she 
becomes immersed in the data.

2.	 Developing a thematic framework  The process 
of familiarisation leads to the development 
of broad key themes. This initial framework 
was then taken and applied to the interview 
transcripts. A numeric colour coding system 
was developed and applied to this thematic 
framework. In addition, subthemes were 
beginning to emerge, which were noted in 
memos. Thus, the framework was expanded 
and refined accordingly.

3.	 Indexing  The identification of a thematic 
framework begins the process of abstraction 
and conceptualisation, which is further 
developed by indexing and charting the 
data. Themes and emerging subthemes are 
subsequently labelled and indexed.

4.	 Charting  Framework analysis involves devising 
a series of thematic charts or matrices. The 
indexed data is entered into the appropriate 
cell. Charts were constructed using a thematic 
approach, by which cases were drawn up for 
each key subject area and entries were made 
from each respondent (case). This process 
allows for the checking of emergent themes 
and cross-referencing to the original data. The 

TABLE 10b  Demographic characteristics of the interview 
sample (n = 27 couples)

Age Mean (range)

Female (n=27) 34 (24–42)

Partner (n = 26 male, n = 1 female) 38 (28–46)

n (%)

Ethnicity

Female (n = 27)

White British 22 (80)

South African 2 (7)

Pakistani 1 (4)

Somalian 1 (4)

Bangladeshi 1 (4)

Partner (n=26 male, n=1 female)

White British 20 (72)

Pakistani 1 (4)

Somalian 1 (4)

Bangladeshi 1 (4)

Turkish 1 (4)

New Zealand 1 (4)

Chinese 1 (4)

South African 1 (4)

Number of children in family

None (includes single woman and 
same sex couple) 

20 (74)

One 5 (19)

Two (males previous relationship) 1 (4)

Four (males previous relationship) 1 (4)
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researchers’ intention was to keep the original 
exploratory nature of the study in mind as 
data was ‘lifted’ from the original context and 
placed in to the appropriate theme/subtheme. 
These data were not necessarily direct quotes 
but notes that captured the context of the 
discourse. Thus, the charts allowed for the full 
pattern of views, perceptions and attitudes to 
be reviewed. ‘Charting’ is an evolving process, 
the end result being that data are grounded in 
the respondents own accounts.

5.	 Mapping and interpretation  The aim is to 
bring out the key characteristics and map 
and interpret the data as a whole (Ritchie 
and Spencer,106 p. 186). This process can take 
several forms in order to define concepts and 
map the phenomena under consideration. 
The end point is to provide explanation and 
meaning, some of which may relate to the 
initial research aims or emerge directly from 
the dataset. This is not a purely mechanical 
process; indeed Ritchie and Spencer106 suggest 
that each step requires ‘leaps of intuition and 
imagination’ (p. 186). In order to achieve 
this aim several strategies were utilised. 
These included continuous reviewing of 
transcripts, charts and field notes searching 
for patterns, interconnections, similarities 
and dissimilarities. ‘Running ideas’ past those 
with direct clinical experience in the area of 
assisted conception proved useful. A benefit of 
using framework analysis is that strategies and 
recommendations for policy may be elicited at 
this stage.

For the purpose of the analysis the interview 
transcripts were allocated into one of three 
groups: (1) pre-treatment; (2) in treatment; and 
(3) post treatment so that any effect of stage of 
treatment could be more easily identified. During 
the analytical process the researcher (LMcG) 
remained cognisant of other potential external 
factors that may have influenced the couples’ and 
women’s views on SET (e.g. female ages, parity, 
duration of infertility and source of funding). 
The process of analysis was verified by a second 
external qualitative researcher Lynne Austin at the 
charting phase to verify the principal researchers’ 
interpretation (all charts were cross-checked with 
the original interview transcripts and thematic 
chart). Any discrepancies were resolved by 
discussion.

Findings

The above process resulted in a final framework 
which incorporated seven main themes and several 
subthemes (see Table 11). The findings will be 
presented in line with the thematic framework 
described above. Where patterns and cross-cutting 
themes emerge across the data these will be 
discussed.

Theme 1: Sources of 
information

Sources of information included general, medical 
and specific fertility websites and the internet 
(see Table 12). It appears that the main sources 
of information were gained outside formal clinic 
consultations.

General sources of information included booklets, 
leaflets concerning fertility as well as books, 
novels and newspapers. A thirst for knowledge 
was described for those who had not yet started 
treatment. The process of obtaining information 
was likened to studying for a medical degree. 
However, the majority of persons seeking 
information were those in treatment. Some had 
received the HFEA booklet at the waiting list 
meeting or had contacted HFEA direct. Others 
described receiving the information packs from the 
clinics. Descriptions of the packs ranged from basic 
and just ‘shoved together’ to useful and informative 
or simply being daunted by a ‘whopping great pack 
of stuff ’. Some described already having a general 
knowledge in this area, while others noted feeling 
desperate to know what everything means and 
needing to have more information.

For those in treatment, views on the information 
given by medical and nursing staff varied. These 
ranged from feeling that patients know as much as 
the doctors to finding the clinic information good 
and trusting the information given. One woman 
felt that information is not always given as it may 
frighten people.

Specific websites for women undergoing fertility 
treatment were also used to combat feelings of 
being overwhelmed and to buddy up with like-
minded people and make friends as often existing 
friends were not ‘in the same boat’. Negative 
thoughts regarding websites included getting 
confused with the wealth of information, the 
number of sites and badly designed sites.
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TABLE 11  The main themes and subthemes that emerged from the data

Main theme Subtheme

1. Sources of information 1.1 General

1.2 Medical/nursing staff

1.3 Infertility websites

1.4 Internet

2. Views on policy 2.1 Views on introducing a SET policy

2.2 Personal choice regarding SET

2.3 Improve your odds

2.4 Maternal age as a selection factor

2.5 Source of funding

2.6 Policy drivers

3. Views on multiple birth 3.1 Attitudes/beliefs towards multiple birth

3.2 Risk perception from multiple birth

4. Views on frozen embryos 4.1 Costs and benefits of embryo freezing

4.2 Ownership of embryos

5. Experience of treatment 5.1 Treatment journey to IVF

5.2 Emotional effects of treatment

6. Consultation process 6.1 Consultation style – general

6.2 Consultation experience – SET vs DET 

7. Views on RCTs of eSET 7.1 Views on RCTs – general

7.2. Negative views

TABLE 12  Sources of information

Sources of 
Information Pre-treatment (n = 7) In treatment (n = 13) Post treatment (n = 7)

1.1. General 2 (29%)

[103, 106]

11 (85%)

[108, 109, 110, 111, 112, 113, 
115, 117, 118, 119, 120, 121]

4 (57%)

[122, 123, 124, 126]

1.2 Medical/nursing staff 1 (14%)

[101]

3 (23%)

[109, 112, 113]

2 (29%)

[125, 116]

1.3 Fertility websites 3 (43%)

[104, 106, 107]

9 (69%)

[110, 111, 112, 113, 114, 115, 
(117), 118, 120] 

4 (57%)

[122, 123, 125, 126]

1.4 Internet 7 (100%)

[101, 102, 103, 104, 105, 106, 107]

12 (92%)

[108, 109, 110, 111, 112, 113, 
114, 117, 118, (119), 120, 121]

7 (100%)

[122, 123, 124, 125, 126, 
127, 116]

Numbers in square brackets are patient codes.



Patients’ perspectives on twins and SET

26

Theme 2: Views on policy
Not surprisingly, this was the topic which prompted 
the most discourse. Five subthemes were identified 
which related to the potential change in policy 
to limit the number of embryos from two to one. 
These are listed below.

Subtheme 2.1: Views on introducing a 
SET policy
There was a range of awareness of the debates 
surrounding SET, from no understanding prior to 
entering this study to those who had more detailed 
knowledge and opinions:

I:  Were you aware of this before, you know, 
you came into the study, were you aware of this 
policy shift that might be coming in?
M:  No.
I:  Right. So you’d not picked up in the media 
or anything.
M&W:  No.

(Couple, in treatment, NHS 108)

There was limited awareness of the proposed policy 
change particularly within the pre-treatment group, 
although some had seen reports in the media.

They had discussed this on the news … I was 
aware they were wanting to go that way [one 
embryo] they say due to health issues.

(Woman, in treatment, private 109)

Others had a good understanding of SET. However, 
several women and couples perceived the move 
towards SET to be inextricably linked with the need 
to control NHS resources:

My understanding is that you can have one 
embryo put back, or you can have two embryos 
put back, and obviously that might result in 
one baby, or it might result in two babies, 
possibly at least, but you know, there’s a strong 
possibility you could end up with two.

(Woman, in treatment, private 110)

As far as I’m concerned if I’d paid in the 
legitimate way, I should be able to get 
something out of it, regardless of whether 
I’ve had IVF to get my children, which in my 
instance I actually funded myself. Because I 
knew my age limit was coming up, thank you 
very much, stick another label on my head, 
write me off! No, I don’t see what the issue 
is. I don’t think.. … well I don’t know the full 
statistics on how many babies … IVF babies end 

up in Neonatal Units, but how many under age 
mothers’ children end up in Neonatal Units?

(Woman, in treatment, post baby, 
private, 115)

Subtheme 2.2: Personal choice regarding 
SET
Several factors influenced couples decision to 
transfer one or two embryos. These included 
previous experience of treatment, length of 
treatment, maternal age and perceptions of 
which method would be most successful. Previous 
experience of a failed cycle prompted this couple 
to opt for two:

I:  What do you think the main things are that 
influence your decision to favour two embryos?
W:  Success rate. It’s as simple as that. Success 
rate. I’m not the only woman that would sit 
here and go ‘oh well perhaps’. If you’ve got the 
chance of having two, if I’d have had two first 
time around I wouldn’t be sitting here today.

(Woman, in treatment, post baby, private 
115)

Advancing maternal age was also a factor:

Plus age is such a huge factor for me now as 
well because I’m 39, you know, I don’t want to 
be doing this when I’m 40 so I, you know, I’ve 
only got, you know, this year to hopefully get 
pregnant. You don’t need any other children 
do you? No, because let’s say if you’re like 
38 years and then you have twins, those twins, 
when they are 9 months you’re going to be like 
38 something, when they’re being born it’s like 
you’re 39 something, so you don’t have any 
chance to do a further cycle, so I think I’d just 
go for it.

(Woman, in treatment, post baby, private 
113)

There was considerable evidence of joint decision-
making within the interviews. When interviewing 
couples the interviewer often attempted to assess 
the congruence of decision-making as illustrated by 
the following quote:

I:  So did you agree with [woman] then, when, 
when it came to the decision to transfer one or 
two embryos, how did … ?
M:  I’d, I’d have planted more. No, I was 
looking at [his wife] saying, oh, well what if we 
have more children? I mean it’s not as though 
they wouldn’t be loved and cared for the, the 
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point is I so desperately, desperately wanted 
her to have a child, you know, because it’s …
W:  It’s got to bring the level down if they only 
start putting one back surely.

(Couple, post treatment, pregnant, 
NHS 125)

For some, the move towards a SET policy was seen 
as a direct affront to personal choice:

M:  They’re just trying to cut down on multiple 
births, to an extent, and, but, I think, I think 
that choice should still be there, because I 
mean we know that a lot of people would 
rather have that choice and be able to have 
twins if possible, or I more. I mean it’s only 
a minute chance of having more than two 
anyway. But, for ourselves, we’d rather do that, 
wouldn’t we, we’d rather have twins in one go if 
we could do.

(Couple, post treatment, pregnant, 
NHS 125)

W:  So, we would definitely want more than one 
child, and I think if somebody turned around 
to me and said, you can only have one embryo 
replaced, I’d be really angry about it, and 
that’s, that’s, that’s not a dramatic reaction, I 
would be very angry that somebody had taken 
away my choice because …
M:  It’s your liberty …
W:  … it’s actually …
M:  … it’s your freedom of choice …

(Couple, post treatment, private 127)

During several interviews women and couples 
asked the interviewer specific questions about the 
rationale for SET, for example:

I:  The argument they would say is that 
spontaneous twins happen and they can’t 
control it. Whereas in IVF they can control it. 
I’m not saying it’s right or wrong …
W:  If I lived in China, fine. You tell that to one 
of those mothers who’s just lost their children 
there [in a recent earthquake]. And I’m like no, 
sorry, I don’t live in that environment. I had 
the freedom of choice. I chose … well I didn’t 
actually have the choice, I was dealt a hand 
where I couldn’t have, and I went the best way 
to help my partner and I have a family.

(Woman, in treatment, post baby, private 
115)

This couple felt that the discussions regarding the 
risks of treatment dominated the consultation they 

had undergone, but that their reasons for their own 
personal treatment choice had been overlooked:

M:  We’ve obviously had the risks explained 
to us from the double embryo, uhm, twins, 
triplets, quadruplets and things like that. Uhm, 
we obviously had questions when that came up 
in so much as, what are the risks? And where’s 
the choice? I mean for our choice it was quite 
simple, we want more than one child anyway, 
so if we had two or three …

(Couple, in treatment, NHS 118)

Subtheme 2.3: Improve your odds
The belief that having two embryos transferred 
would improve couples’ chances of getting 
pregnant, and having at least one baby, was 
prevalent in this set of interviews. Therefore, 
although couples and women would accept that 
there were risks with twin pregnancies, their 
individual risk assessment was tempered by the 
desire for a pregnancy. Most couples and women 
interviewed felt that having DET would give them 
‘better odds’ of achieving a pregnancy:

And it is a numbers game, it really is, and so, 
you know, now my thinking, when they asked 
me how many I wanted transferred this time, 
you know, I’d no hesitation of saying two, 
because I don’t want to, you know, I don’t, I 
don’t even know if it is true, but it’s got, in my 
own mind, you’ve got to have a better chance if 
two have been put back than one.

(Woman, in treatment, private 113)

Women and couples had often thought carefully 
about the decision to opt for SET or DET. As here, 
many had gone over the scenario of having twins, 
including the practical implications:

Just for the, the best possible chance really, I 
mean, you know, we read all the time that the, 
the uhm, the success rates aren’t that great, we 
know now the trauma of not having the success, 
uhm, and uhm, yeh, we just wanted to give 
ourselves the best possible chance really, and 
we knew that there was a possibility of twins, 
and that’s something we did think about very 
closely, very strong, you know, very, we thought 
about it a lot, I can’t think of the right words, 
but we did think about it a lot and talk about it 
a lot really and even practically how, if we had 
twins, how would we cope, and also the fact 
that I understand that there is a, uhm, a higher 
risk of miscarriage if you had twins, or if you 
were pregnant with twins, and we discussed 
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that as well, but we, we just came to the 
decision that we just wanted to give ourselves 
the best possible chance really.

(Woman, in treatment, private 110)

Subtheme 2.4: Maternal age as selection 
factor
The interviewer introduced the view that maternal 
age could be used as a factor to select women who 
were offered SET. Thus, women under 35 years 
of age would be offered SET and women over 
35 years DET. Some women and couples were 
amenable to this strategy:

Uhm, I guess, in my own mind I think, well, 
you should have the choice, you should be 
able to make your own choice, uhm, and it’s 
my decision to take, but I can see that there’s 
the safety aspect of this and protecting people, 
uhm, and I guess thinking about it, the 
younger women would be more likely to have 
higher success rates, uhm, so you could maybe 
afford more to let them just have one embryo 
implanted, but if you’ve got women over 35 
that have got less of a chance, then give them a 
better chance with the two embryos, so I think 
that’s quite, in my mind, quite a sensible idea

(Woman, in treatment, private 110)

Several others thought that such a cut-off was 
arbitrary and felt that this type of policy decision 
would be unfair to women of a younger age:

Obviously being nearly 35 and knowing where 
I am on the waiting list, but I wouldn’t want 
anybody who was 25 to endure the amount 
of pain and the waiting and suffering and 
doing multiple IVF treatments, you know, and 
obviously you don’t get the NHS funding for 
a second treatment anyway. So the cost is to, 
to myself at the moment, no matter what age I 
would be, extreme. I mean my house is for sale 
because of it.

(Woman, pre-treatment, NHS 106)

Subtheme 2.5: Source of funding
Women and couples interviewed in this study were 
receiving treatment either in an NHS or private 
setting. In IVF treatment many move between these 
settings in the pursuit of a successful outcome. 
Therefore, the effects of the source of funding on 
decision-making were explored:

We all work hard to earn the money we’ve got 
and to complete my family it’s going to cost 
me another £5000–£6000. Well £5000–£6000 a 

throw doesn’t take long before it puts you into a 
difficult situation. Now if that’s not dedication 
to actually want a family, what is?

(Woman, in treatment, post baby, private 
115)

Opting for private treatment for some women 
and couples was seen as a necessity which meant 
that savings would be made elsewhere to fund IVF 
treatment:

I mean, as I say, we don’t smoke or drink, 
we don’t get to go out very often ‘cos of baby 
sitters, so someone else who might have a really 
busy hectic social life and, you know, things like 
that who smokes and drinks a lot will spend 
that in a year probably on – that really goes 
down the drain as well, but uhm, we, I couldn’t 
say that, you know, we could afford to do it 
again. So soon anyway, you know, maybe it 
could be considered in the future cos I’ve got 
age on my side, cos I’m doing it so young you 
know.

(Woman, in treatment, post baby, private 
111)

As with other areas, source of funding was one of 
several factors which influenced the preference 
for DET. For the following two women it was an 
interaction between funding, limited availability of 
treatment cycles and burden of treatment:

Uhm, I think if I wasn’t self-funding and there 
wasn’t a limit on the amount of times you could 
have a go, that, that would, then I, then twins 
wouldn’t be, you know, you know, I know, I 
know people with twins and I know how hard it 
can be and stuff, and I know there can be more 
complications and stuff, but I think [pause] if 
I wasn’t self-funding and there wasn’t a limit 
and then I think one would be absolutely fine, 
if I knew I could come back and do it again 
and stuff, uhm, but that said, the only thing 
that would stop me saying that would be the 
– I hadn’t appreciated when I started out on 
this, and I know people say how stressful the 
whole process is. And you don’t realise how 
much it takes over your whole life, it’s just all 
encompassing, so …

(Woman, in treatment, private 109)

I think this is the difference again between 
private and NHS. If they said that were free 
then potentially, but you’re probably talking 
over a thousand pounds through private for 
that difference, uhm, in fact I think more than 
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that, probably about up to fifteen hundred, 
so I think again, it comes down to almost to 
finance, as well as the mental strain of that, 
because while you’re working as well …

(Woman, in treatment, post baby, private 
114)

Subtheme 2.6: Policy drivers
Several participants attributed the move towards 
SET as being driven by external factors, for 
example the government, and related to NHS 
resource issues rather than clinical considerations:

W:  Uh, I, I, I feel like the choice would have 
been taken away from me personally, I can 
see why it is done, and I know they’re try- but, 
maybe, I don’t know, you think cynically and 
you think they’re just thinking about financial 
reasons for the hospitals and things, which is 
fair enough, because we know what the NHS 
is suffering at the minute, staff and finance 
etcetera, but I don’t think they’re taking into 
account people’s wishes personally.

(Couple, in treatment, NHS 118)

This view also raised the issue of fairness when 
allocating resources to various groups of patients. 
The following interviews show that some 
participants felt that other groups of patients 
were being prioritised over those seeking assisted 
conception:

I think that’s swings and roundabouts 
because at the end of the day people choose 
to smoke, I don’t smoke, and they cost the 
health service millions in cancer treatment 
and liver disease and, you know, all things 
like that for alcoholics, so, uhm, if I chose to 
have two embryos put in, and I don’t smoke, 
I’m definitely a non-smoker, and I very rarely 
drink, so, you know, they choose to do that 
in life, so if I chose to have two children, two 
embryos put in, the cost of that might, uhm, 
balance out what they’re draining off the health 
services as well, so that’s how I look at it.

(Woman, in treatment, private 111)

M:  … these people that just throw kids out 
willy nilly to different fathers, you know, and 
all these foreigners that are coming in with 
four, five, six kids and they – they’re still 
throwing kids out, and British citizens who’ve 
paid taxes, or even people who’ve not paid 
taxes, but British citizens are being told by the 
government, because of the financial situation, 
sorry, that, that they can’t, you know, they’re 
being limited to how many children they can 

have, the governments saying, well, you can 
have one, you can’t have two because we can’t 
fund it.

(Couple, in treatment, NHS 119)

The wider public health perspective of multiple 
pregnancies being a drain on the NHS was also 
questioned by this couple:

W:  Because we [the government] can’t afford 
to put two in intensive care, I think that’s a bit, 
uhm …
M:  Yeh.
W:  So no, we’re not for it [SET] at all.

(Couple, in treatment, NHS 119)

Theme 3: Views on multiple 
birth

Subtheme 3.1: Attitudes and beliefs 
towards multiple births
The view that twins would be a positive outcome 
from IVF treatment reflected the majority opinion 
of most women and couples interviewed in this 
study. The stage of treatment did not appear to 
affect this viewpoint:

I just, I just loved the idea of twins because I 
think, uh, it’s so cute, I know it sounds silly, I 
just think it’s so cute [both laughing] I mean 
it’s lovely to have a baby, but if you’ve got two, 
I know there’s the flip side to it and it’s not 
as easy and all that, but I feel as if I’m young 
enough to cope with it.

(Woman, in treatment, post baby, private 
111)

Twins were seen as providing a ‘ready-made’ 
family after treatment that was at times lengthy, 
emotionally, physically and, for some, financially 
draining:

W:  Get it all over and done with, because I’d 
be scared, not, I’m not saying that I wouldn’t, 
if I had one obviously I’d be thrilled to bits, but 
I don’t want – and I might just be happy with 
one, but I always thought, like, we’d like have 
two.
M:  Yeh, I wouldn’t like to go through it all 
again.
W:  I don’t want to have to go through it again. 
And I’m not sure that I would go through it 
again. If I had a healthy baby, one healthy 
baby, I think I’d be happy with that, and I’m 
not sure …

(Couple, in treatment, NHS 119)
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Subtheme 3.2: Risk perception from 
multiple birth
When couples and women were asked what they 
knew about the risks associated with multiple birth, 
they mainly referred to those factors that affect 
the baby and not the mother. They also tended to 
minimise the associated risk, particularly if they 
knew of someone who had given birth to twins:

Yeh, we’ve decided to have two in yeh. Uhm, 
you know, that’s just, something both, we’ve 
both said from the beginning that we’ll, we will 
do that, so fingers crossed … ‘cos one of my 
brother’s girlfriend’s sisters just had ICSI and 
she’s got twins from that and she’s been fine so, 
you know, you kind of want what they have.

(Woman, in treatment, post baby, private 
111)

As the interview progressed the researcher 
probed more to enquire about the extent of their 
knowledge of the risks associated with multiple 
birth. This was mainly limited to the risks of 
premature birth and the likelihood of having a 
caesarean section, both of which were perceived as 
acceptable risks:

I:  What about the risk of premature birth?
W:  I do have a success story about that. My 
husband was born at 28 weeks so, I know that’s 
like these days they can be born before then, 
but he’s absolutely nothing wrong with him, 
he’s a strapping guy, bloke, you know, he’s, 
there’s nothing premature to look at him now, 
about him, so, I believe that they, they can, 
it can happen, but it can also be successful 
and the child grows up to just be as normal as 
anybody else. So, unfortunate as it is it can, 
it can be bad, but it can also be, uhm, a good 
outcome.

(Woman, in treatment, private 111)

Even when women and couples had been given a 
range of adverse outcomes regarding twins, they 
tended minimise the risks and regard this as an 
acceptable ‘trade-off ’ for a successful pregnancy:

I:  When you said about twin pregnancies then, 
you knew about the risk. What risks are you 
aware of with twin pregnancies?
W:  That they are likely to happen, there can 
be complications, you can have early births, 
you can lose one, you can lose both. Basically 
anything and everything that you could be 
told, we were told.
I:  Yes.

W:  But that’s the chance you take.
(Woman, in treatment, post baby, private 

115)

Twins were perceived by many as a normal event, 
an acceptable risk in pregnancy, whereas the 
higher risks associated with triplets and above were 
acknowledged. This appeared to be because most 
people knew someone who had had twins, or was a 
twin themselves:

W:  I know there’s risks to me in carrying them 
and risks to the babies as well, isn’t there? But, 
I don’t know that it’s that bad, because loads 
of people have twins, don’t they? I know with 
more like triplets or quads it’s more, then 
obviously, and obviously that wouldn’t be ideal, 
but I mean there’s obviously there’s risk with 
any pregnancy isn’t there, so that’s all I know 
really.

(Couple, in treatment, NHS 119)

For those who expressed the view that twins were 
the ‘norm’, there appeared to more resistance to 
the counter-argument provided by clinicians:

M:  I think, I get the personal feeling that 
there’s some scaremongering going on, I really 
do. Because everybody knows that there are 
twins and we know couples that have got twins 
and we know it’s harder to look after them 
and we also know, you know, this is previous 
information that we’ve had, but that uhm, 
there’s a chance, there’s a higher chance of the 
pregnancy not going full term for at least one 
of them … when we went for the consultation 
at [hospital], he was doing his absolute level 
best to persuade us not to have twins and the 
things he was saying is, half of all people who, 
who, who are pregnant with twins, they end up, 
he says, he says, they end up in hospital, these 
twins end up being born and they’re deformed 
and they’re in hospital. Well I’m sorry, but if 
the situation was that bad we’d know about it 
because it’d be, there’d be, there’d be trusts 
and charities and stuff asking for the problem 
about twins and it’s, it’s, I think suddenly 
they’ve tried to make out that having twins is, is 
worse than what is, because they want us to go 
away from this idea of having twins, this is what 
it feels like …

(Couple, in treatment, NHS 112)

When couples and women personally knew 
someone who had had an adverse outcome during 
a twin pregnancy or at birth, this raised their 
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awareness of the risks and appeared to influence 
their decision to opt for SET:

W:  Yeh, you’ve got, I mean, I actually 
have another friend, it’s well known twin 
pregnancies don’t go full term so that sort of 
does, you know, add to the risk, and, you know, 
because there’s less room in there, there’s more 
chance of having twin to twin transfusion and 
things, I just thought well, I want a baby, but 
I don’t want a baby that desperate I’m going 
to risk my own life and risk their life and, 
you know, increase the risk of a handicapped 
because I mean, you know, nobody really wants 
a less than perfect baby do they? So you’re not 
going to put yourself up there with the risk.

(Couple, post treatment, pregnant, NHS 
126)

Theme 4: Views on frozen 
embryos

Subtheme 4.1: Costs and benefits of 
embryo freezing
The interviews revealed that couples and women, 
while on the whole accepting, were somewhat 
sceptical about the process, and success rates, of 
treatments that used frozen embryos:

It’s like cryogenics and things that you just see 
on some sci-fi movie or something.

(Woman, in treatment, post baby, private 
111)

Uhm, I think that’s a good idea, but I 
understood from the research that I was given, 
the chances of it then succeeding then reduce 
(because of the of thawing out) to sort of 20% 
or whatever it is and, and for me it’s very much 
a numbers game I think.

(Woman, in treatment, private 109)

I think it would if they could provide the 
reassurance that, uhm, you know, the chances 
are equal to that frozen one embryo, I think if 
they were, if they were taking that chance away, 
not taking the chance away, you know, if they 
couldn’t provide the, uhm, confidence and 
evidence that actually you would get as much 
chance from the frozen ones as the fresh ones 
then again I think you’d feel a bit, well I’d feel 
a bit, you know, not fair type thing …

(Woman, post treatment, post baby, 
private 116)

Another woman, in private treatment, viewed the 
extra cost and treatment time as being one of the 
major differences between being a self-funding or 
an NHS patient:

I think this is the difference again between 
private and NHS. If they said that were free 
then potentially, but you’re probably talking 
over a thousand pounds through private for 
that difference, uhm, in fact I think more than 
that, probably about up to fifteen hundred, 
so I think again, it comes down to almost to 
finance, as well as the mental strain of that, 
because while you’re working as well, I suppose 
I work in [states employers name] as well so an 
employer only has a certain level of tolerance 
as, ‘cos this isn’t seen as a sickness, as to how 
much time you can have off …

(Woman, in treatment, post baby, private 
114)

However, some people were more open to the 
option of embryo freezing. It became apparent that 
participants would be more amenable to choosing a 
frozen cycle if certain ‘trade-offs’, such as free cycle, 
were offered:

W:  Well it depends whether they were saying 
we’ll freeze it at your costs as well, you know, 
I mean if it was like we’ll freeze it and you’ll 
get the opportunity to use it again as part of 
this treatment then that would – that would be 
acceptable in my mind.

(Couple, in treatment, post baby, private 
111)

It was also noted that one of the major advantages 
of having a frozen cycle was the lack of intensive 
treatment process that was associated with a fresh 
cycle:

W:  I do agree with it because, uhm, it’s giving, 
it is giving another opportunity, you know, 
and the, and the going through all the drugs 
part of it is an intrusive kind of part of your 
life, you know, and you do it, you just get on 
with it, but it is like, seven o’clock every night 
we’re out with the needles and we can’t, and it 
feels quite uncomfortable when your ovaries 
are, you know, can get a bit like, get a bit of 
a dull ache and what not, uhm, so you’re not 
doing anything, you’re just focusing on that 
all the time, uhm, so if you’ve got the chance 
of having eggs available without having to do 
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that part of it and perhaps just the other part 
of getting your womb ready, uhm, and then 
defrosting [laughing] and then just put them 
in!

(Woman, in treatment, post baby, private 
111)

This woman discussed the influence of being self-
funded on her decision to choose SET and then 
freeze any spare embryos. The cost implications 
clearly impacted on her decision-making process:

Because I compare myself to my friend who’s 
had twins through IVF and they, uh, were on 
the NHS, but the decisions of to freeze or 
not to freeze, again, if it was NHS, I wouldn’t 
have thought twice about it probably, because 
there’s one side which is the risk of damage to 
the embryo, but the other side is the financial 
one versus the risk, and if you don’t have 
that financial argument, you’re more likely to 
say, well I’ll chance it, all you actually lose is 
time, you lose, I don’t know what that would 
be, but a month or two, by going for an extra 
replacement. Whereas when they start to talk 
to you about, well it’s a thousand pounds plus, 
plus, plus, you think, well for that percentage 
chance, am I better to just say, invest my full 
amount of money and go for the whole lot 
again. And so the financial just adds an extra 
sort of dimension to it all really.

(Woman, in treatment, post baby, private 
114)

Subtheme 4.2: Ownership of embryos
Discussion surrounding the freezing of embryos 
sometimes provoked strong reactions and concerns 
about ownership of embryos. In the following 
sequence the interviewer discusses a hypothetical 
example to explain how the offer of another cycle 
of treatment using a frozen embryo could be used 
to encourage SET. Where treatment was self-
funded this cycle would be free of charge. Previous 
experience of a failed treatment appears to have 
influenced the views of this particular woman:

I:  And in order to, say, persuade you to have 
a single embryo, I would say that we’ll implant 
one embryo now and freeze the other one for 
later, and that would be a free treatment.
W:  Have you ever frozen meat? [raised voice]
I:  Yes.
W:  Do you know what happens to meat when 
it defrosts? Why would I give you the authority 
to do that to my embryo? Been down that road, 
no chance. No chance.

I:  What happened when you went down that 
road, Amanda?
W:  It didn’t work.

(Woman, in treatment, post baby, 
private, 115)

She raised concerns that emotional feelings towards 
embryos as human beings are often overlooked, 
her feelings towards her embryos had made the 
decision to freeze particularly difficult for her:

W:  And you are fiercely protective of it. And 
it is the most peculiar sensation when you see 
two embryos that are only six to eight cells you 
know they are a living being, and I know for 
a fact that one of those turned into a child … 
who’s got the right to say you can’t do that? 
I am fiercely protective about it, and you 
suddenly become it like instant, it’s a switch 
that goes on …

(Woman, in treatment, post baby, private 
115)

Theme 5: Experience of 
treatment

Subtheme 5.1: Treatment journey to IVF
For many women and couples the treatment 
journey to IVF had been a long and arduous one. 
This was particularly the case for those women and 
couples seeking treatment in NHS settings, who 
could wait several years before a referral was made 
to an IVF centre. The journey typically started 
with a consultation with a GP, then investigations 
at a local district hospital before being referred 
to a specialist assisted reproduction centre. Some 
couples reported that communication between 
services before they reached an IVF centre was 
inadequate and they found that distressing. One 
particular couple had to follow up on several 
appointments due to lack of communication 
between services:

W:  This time we were thinking we might give 
up to be honest, because as much as we want 
children I was thinking is this going to be too 
much really for us; we got to nearly forty and 
we’re quite happy. We’ve got other interests, 
we are quite happy in our little set up and we 
do other things and I thought is this really 
what we want. And we did have times where 
we thought let’s just forget it and carry on as 
normal. But, anyway, we decided to carry on. 
Anyway, unfortunately, the information from 
our appointment in May hadn’t been sent 
to the hospital [IVF centre], so only for me 
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ringing up in September, they didn’t know 
anything about us, so that was another …
M:  … knock back.

(Couple, in treatment, NHS 121)

Many women had complicated gynaecological and 
obstetric histories, and, as this woman adds, the 
social pressure from relatives and friends also has 
an impact:

Yeh, it was a lot to deal with, ‘cos they were 
quite close how it had happened where there 
was the miscarriage and then there was the 
ectopic pregnancy and obviously, also knowing 
it was a struggle just to get pregnant, because 
I’d not used contraception all the way through 
our relationship completely, I mean we’ve 
been together 8 years now so like we’ve never 
needed to buy condoms or even go on the pill 
so, you know, that’s always in the back of your 
mind ‘cos you know how hard it is, I mean 
there’s people popping up everywhere with 
kids and ‘I’m pregnant’ and I’m like you know, 
and mum’s like, it might be you next time, and 
stuff like that, and, and it isn’t, so …

(Woman, in treatment, private, 111)

For the following couple the length of time they 
had been waiting for treatment had impacted on 
their desire for two babies:

M:  I mean for me it’s not just we want, you 
know, we want to two and we’ve been trying 
dead long, we want twins and that’s it, you 
know …

(Couple, pre-treatment, NHS 104)

Subtheme 5.2: Emotional and physical 
effects of treatment
The emotional, physical and, for some, financial, 
burden of undergoing IVF treatment was a 
dominant theme throughout the interviews. 
This was one of the factors that impacted on the 
decision in the majority of women and couples 
interviewed to prefer DET as twins were perceived 
as a ‘ready-made’ family and further treatment 
would not be necessary:

M:  It does take a lot out of you, the whole 
thing, I mean it’s not just the IVF, it’s the 
whole, it’s leading up to it, it’s the whole 
2 years of trying to, trying to have a baby, 
uhm, and then we’ve got the miscarriages story 
which just, I mean that just takes everything 
out of you when that happens …

(Couple, post treatment, NHS 127)

For the following woman obtaining a diagnosis of 
infertility had taken some time – she was feeling 
very frustrated and was keen to start treatment as 
soon as possible:

W:  It’s just taken so many years, it’s taken a 
heck of a long time from going to have, you 
know, really, really bad problems with my 
own health to getting to a point where I fully 
understood that I’m infertile. It’s probably 
taken around three, three and a half years. So 
I’ve just expressed to my doctor that, you know, 
I’m very, very frustrated, and I understand 
that there probably would be some panic, ‘oh, 
let’s get the IVF going’ and you know and ‘let’s 
research into treatments’, ‘cos that’s how you 
do feel, when you find out that you do need 
treatment, you go into a blind panic, you get 
on the internet, start researching absolutely 
everything as if you’re, you know, studying for 
a medical degree, and there is a thirst for it, so 
I think maybe the reaction was to prevent panic 
a little bit, but I wish they had told me sooner 
[that she had infertility].

(Woman, pre-treatment, NHS 106)

For those women and couples who required 
more than one treatment cycle the effect of an 
unsuccessful treatment was emotionally draining. 
For this woman the effect was compounded by 
the fact that the couple had self-funded their 
treatment:

W:  And at the end of the day, being brutal, 
it’s a lot of money to throw away, because 
that’s what happens basically. And there isn’t a 
bottomless pit of funding.
I:  No.
W: You have to be a bit … I don’t know … I 
don’t know if I’m … it’s something we [woman 
and her partner] haven’t spoken about really 
since March, because it just devastated us that 
it didn’t work. And things got a bit … you get a 
bit ostrich-like about it …

(Woman, post treatment, post baby, 
private, 115)

Theme 6: Consultation process

Women and couples were asked to reflect on their 
experience of consultations with doctors, nurses 
and other relevant health professionals. The aim 
was to explore what style of consultation people 
preferred and to explore their experience of 
consultations that had focused on the decision to 
choose either SET or DET.
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Subtheme 6.1: Consultation style – 
general
Most women and couples expressed a preference 
for a collaborative style of consultation, whereby 
they were allowed to express their views and 
concerns. However, when it came to the decision to 
opt for SET or DET several people preferred the 
consultation to be more medically led and guided 
by the expertise of the doctor:

I think at the end it’s just uh the doctor’s 
decision because whatever they decide is just 
good for the patient, because I might say I 
want like two back in, and then they’ll tell me, 
two back in is going to be like risky, and stuff, 
going to have like miscarriage or going to have 
… I think they just think what the risks are.

(Woman, in treatment, NHS 117)

M:  I think, I guess, the doctor to lead really 
if there were options available, then I think 
to have them explain and give the patient the 
opportunity to make a decision. Uhm obviously 
a doctor’s the expert in treatment, there’s no 
doubt about that, and I guess you’ve got to 
put trust in them to be able to make the right 
decision as well.
W:  Yeh. I’d go with that.

(Couple, in treatment, NHS 108)

This woman felt that she was more in control in her 
consultation when she entered IVF treatment for 
the second time:

Uhm, I think first time round I didn’t really 
feel that I had a lot of control, uhm, and I 
was going on whatever the consultant said … 
whereas after that [slight interruption], once 
I’d, once I’d been through it once then, then I 
did feel that I was kind of in control in terms of 
when I would do it and what I would do.

(Woman, in treatment, private 113)

Subtheme 6.2: Consultation experience 
– SET vs DET
The initial consultation prior to IVF treatment 
offers an opportunity to ensure that patients have 
an understanding of the differences between 
SET and DET, and to improve their knowledge 
regarding the risks associated with multiple 
birth. Women and couples were asked to recall 
whether any of these issues were addressed in their 
consultation.

I:  Did anybody discuss with you when you 
came with your partner about whether you 
would have one or two embryos transferred?

W:  Yes I did discuss it with Dr A, and I 
obviously chose this week to have two put back 
and discussed it with my partner as well, but 
yeh, I mean it was, it wasn’t really discussed on, 
uhm, kind of medical risks to me, it was more 
just about it being my personal choice and he 
just sort of said most people put two back. I 
don’t know if that’s true.

(Woman, in treatment, private 109)

I:  Did he address, did he say about the risks of 
twins and …
W: Yeh, he did yeh he said the risks and 
stuff like that, yeh, he did explain the risks 
… he didn’t quite say that it was a drain on 
the economy or anything like that … [both 
laughing]

(Woman, in treatment, post baby, private 
111)

Consultations appeared to be more directive 
where there was a known risk factor (e.g. medical 
condition) to a woman having a twin pregnancy 
and birth:

W:  We’ve sort of been told that we will only 
have one.
M:  Because of [woman’s] specific situation. But 
the risk, the risk, initial risk of having more 
than one, uhm, one baby is, is detrimental to 
the fact that she’s got this [medical condition] 
so it was just not an option.

(Couple, in treatment, NHS 108)

Not surprisingly, many women and couples made 
an ‘a priori’ decision about how many embryos 
they would like to be transferred prior to their 
consultation:

And from the beginning I’d had, I’d had it in 
my head that I wanted two embryos anyway, 
and I’d discussed it with my husband, we’d 
discussed it together, and if he’d have said, 
well I think one, then we’d have had that 
discussion, but he didn’t he said two from, 
like me, from the beginning so we did agree 
it before we even came for our consultation 
really, so as long as the, the doctor was happy 
to do it, we were happy to do it, and they didn’t 
say otherwise, so it was just sort of, well we’re 
having two, that’s it, you know, we’re having 
two, he’s said we’re having two, we’ve said we’re 
having two, so that’s what we’re having.

(Woman, post treatment, pregnant, 
private 116)
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Following this consultation this woman did 
reflect on her initial preference for DET, and this 
appeared to be mediated by the number of cycles 
she could obtain:

I think Dr M she explained it very well, she 
said obviously people go for twin embryos 
to increase their chances, but the chances of 
miscarriage later on, or other complications 
are obviously increased as well she said 
obviously, like she said, you’re not designed to 
uh, carry two babies at once, not like sheep, 
so other animals do. Uh, I was concerned 
thinking like there was only three chances 
you’d get, so that’s why you would want to 
maximise your chances. Uhm, but the fact that 
you can actually have three chances….

(Woman, pre-treatment, NHS 101)

One couple who had undergone IVF treatment 
in the past noted the change in the advice from 
clinicians had changed over time. In their first 
round of treatment they had been encouraged to 
have two embryos transferred:

W:  There was, yeh, there was a lot of discussion 
about that, but at that time, and it’s interesting, 
probably get on to it, we’ve just gone through 
it again and the advice we’ve been given has 
changed a lot in that, what, two and a half 
years. Uhm, and at the time we were basically 
encouraged to go for two embryos because 
there was a higher chance of, of outcome, 
and the chance of multiple birth, we were 
explained, was incredibly low, uhm, so yeh, we 
were basically encouraged to go for two. So we 
didn’t know any otherwise so we went for it.

(Couple, post treatment, private 116)

Theme 7: Views on randomised 
controlled trials of eSET

The majority of women and couples interviewed 
had limited knowledge about RCTs. When the 
interviewer explained this research design many 
could see the value of such a design but did not 
think it was feasible for those undergoing IVF 
treatment.

Subtheme 7.1: Views on RCTs – general
For this woman entering a trial had the potential 
to threaten her treatment ‘success’, therefore she 
would not consider this option:

W:  I wouldn’t want to do it, I wouldn’t want to 
be a guinea pig for something that I’m putting 
everything into, uhm, and I’m so desperate for 

this [a pregnancy] to happen, you know, if it 
was, you know, if it was research into something 
else that was less important to me, then no 
problem. But not like, not where I potentially 
am reducing the risk of success.

(Woman, in treatment, post baby, private 
113)

Others could see that this might appeal to some 
couples if there was an inbuilt reward, for example 
treatment costs were waived for those in the trial 
or extra cycles were offered. The following woman 
also raised the issue of the juxtaposition of science 
and emotion in IVF treatment:

You know, if the NHS was paying for it, I don’t 
know, because, God, if I was in the NHS and I 
had my one go, you know, I might just want to 
maximise what chances I have. I think that, you 
know, that the issues are scientific, but for most, 
the lay person, it’s more of an emotional thing 
and the science is kind of, you could tell them 
that, anything, and I think that most people 
would still choose two. Just ‘cos in their head 
that just feels like more success I think.

(Woman, in treatment, private 109)

This couple were more open to this design as 
they felt that it would be a good way of accurately 
determining success rates as long as informed 
consent was obtained:

W:  If you just said I want one … so it’s tossing 
a coin whether you had one or two embryos 
implanted.
M:  Right. It’s probably a good idea. I think 
it would be interesting don’t you, to see how 
affected … I think it’s a good thing.
W:  That would be the best thing. But in terms 
of the other bits, the emotion of you going 
through treatment …
M:  As long as you’ve agreed to that.
W:  You’d have to sign …
I:  Yes, it would have to be with your full 
consent.
M:  That’s fair enough, yes.

(Couple, in treatment, NHS 120)

Subtheme 7.2: Views on randomised 
controlled trials – negative
Some of those interviewed were opposed to RCTs 
in this area, and expressed negative views. Funding 
source was also a factor in rejecting this type of 
research design:

W:  Ohhhh!!! Shine a light. No bloody way!
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I:  How would you feel about that?
W:  No way. Not if I’m paying for it. No chance. 
End of conversation. No.

(Woman, in treatment, post baby, private 
115)

The following woman thought that RCTs would be 
useful for other conditions (e.g. heart disease) but 
not for couples with infertility problems. Again, the 
emotional impact of the expected ‘outcome’ (live 
birth) was emphasised:

I don’t think that would be, I wouldn’t 
agree with that because it wouldn’t be fair to 
someone, well, you might end up with twins, 
but you know, it’s possible that we didn’t put 
one embryo back, because your hopes and 
dreams of having a family are so important, 
you know, so none of us want the IVF, we only 
want a family, so, you know, you will get people 
dreaming that they’re going to have twins and 
then they can get on with their lives and it’s 
a little bit different from having, you know, 
a heart condition [pause]. I’m sure there’s 
people with heart conditions would like an 
operation that get rid of, or something that 
would ultimately get rid of the problem, I 
mean infertility, the problems not going to be 
solved without having the family, I’m not, I’m 
not sure. I think that’s playing God a little bit 
too much with people’s bodies.

(Woman, pre-treatment, NHS 106)

Discussion

The findings reveal that most of the women and 
couples undergoing IVF treatment who were 
interviewed in this study show a preference for 
DET over SET. The interviews were conducted 
to assess the views of patients as they travelled 
through the treatment journey of IVF. More 
specifically, interviews were conducted at three key 
treatment phases (pre-treatment; in treatment; 
post treatment) to assess whether treatment 
stage had an effect on decision-making. They 
also included interviews with couples who self-
funded their treatment. In addition, five women 
were interviewed who already had a baby and 
were seeking treatment for the second time. The 
interviews captured the richness and diversity 
of experience and views from a wide range of 
selected women and couples in the IVF process. 
The interviews were conducted over a 2-year 
period, during which time the momentum towards 
a SET policy has gained in strength and publicity. 

However, despite some women and couples 
showing increased awareness of this policy over 
time, its effect on the decision to opt for SET 
appears minimal.

The reasons for this preference for DET are 
complex and multifaceted, and not just simply 
related to the desire for twins. Several factors 
appear to impinge on the decision-making process, 
including enhancing treatment success, length of 
infertility, treatment experience, desire for a baby, 
lack of information and uncertainty about using 
frozen embryos, advancing maternal age and 
the emotional, physical and sometimes financial 
burden of IVF treatment. For individual women 
and couples several distinct factors may combine 
which can ultimately influence treatment decisions.

The strong preference for DET found here is of 
interest because the sample of women and couples 
seeking treatment via the NHS were attending a 
centre in which the uptake of SET was higher than 
average. This particular centre reports a 35% SET 
rate, with an accompanying twin rate of above 
20%. Despite being in this pro-SET environment, 
there was limited knowledge of SET and the risks 
associated with twin pregnancies in this sample. 
This could be explained by the highly selective 
sampling strategy used in this study. However, it 
appears that both local clinic policy and wider 
publicity campaigns (e.g. Braude3) have had little 
effect in increasing understanding and knowledge. 
Some of the factors influencing women and 
couples to favour SET were consistent with past 
research, for example having a pre-existing medical 
condition, advancing maternal age (for some), e.g. 
Pinborg et al.,22 Blennborn et al., 30 van Peperstraten 
et al.29

The finding that subfertile couples prefer twins 
is not new and has been well documented in 
the literature.23,24,107 This appears to be a strong 
and enduring preference that is resistant to 
change, even when the associated risks are fully 
explained.26,31 In this study women’s and couples’ 
knowledge of the associated risks of multiple 
birth were mainly confined to fetal outcomes, as 
previously described by Blennborn et al.30 The 
interviewees consistently minimised their personal 
risk profile of twins, even when the interviewer 
discussed the maternal, fetal and societal risk in 
more detail. This can be explained, in part, by the 
finding that most women and couples thought that 
twins were a normal event in society, both in IVF 
treatment and in naturally conceived pregnancies. 
They did not perceive that they had a greater 
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risk profile than women who achieve a pregnancy 
through natural conception. This finding can be 
compared with that of Scotland et al.31 who found 
that the concept of ‘treatment success’ took priority 
over future concerns about the risks to babies in 
twin pregnancy and birth. In this sample, it can 
be argued that the risk of twins was minimised 
in comparison with the perceived greater risks 
associated with not having children at all.

It is known that people in general often provide 
an inaccurate judgement of personal risk, with 
a tendency to downplay the associated risks 
across a range of events.108 This process of risk 
minimisation can be further contextualised in a 
psychological framework provided by Schwarzer.109 
He argues that optimism is a cognitive construct 
that plays a part in influencing behaviour change. 
He describes two forms of optimism: functional 
and defensive. Functional optimism is a facilitative 
concept that is likely to enhance positive health 
behaviours, whereas defensive optimism acts to 
reduce risk perception and this could encourage 
people to ignore risk profiles as being relevant to 
others but not to them. It could be argued that 
many of the women and couples interviewed in this 
study displayed this form of defensive optimism, 
and, given the complexity of the emotional and 
physical aspects of IVF treatment, this could be as 
a protective mechanism. What was apparent in the 
interviews is that women and couples generated 
their own subjective risk factor theories which 
were personalised to their own experiences. Future 
interventions designed to influence the decision-
making process regarding the choice of SET or 
DET would need to address these subjective beliefs 
that have developed over time.

In this study the drive to encourage SET in couples 
undergoing IVF was viewed by many as a ‘smoke 
screen’ to cover the need for the NHS to ration 
limited resources. Several participants thought that 
the move towards SET was more of a government 
initiative, rather than being part of the remit of 
IVF clinicians, clinics and policy advisors. Women 
and couples found it difficult to engage with the 
wider public health concerns about the cost of 
twins on health and social-care resources. They 
compared this with the ‘hidden’ costs associated 
with infertility, for example, the emotional, 
physical and often financial burden associated with 
treatment. Women also expressed a concern that 
employers viewed infertility as a lifestyle choice 
and not a genuine medical condition, thus taking 
time off work to access treatment could be difficult. 
These comparisons appeared to cancel out any 
wider societal costs.

Furthermore, where the introduction of SET 
was viewed as the government’s way of limiting 
resources, this created a sense of injustice in the 
system. Several interviewees commented that they 
did not drink or smoke and viewed having children 
as contributing to society as a whole. In some cases 
this caused resentment towards other groups of 
individuals (e.g. teenage mothers, alcoholics, etc.) 
who were perceived as having an unfair claim on 
such resources. This perception, while unhelpful in 
the long term, can be understood in the context of 
those seeking IVF treatment who may have already 
encountered inequity of resource allocation. This 
can be seen in the postcode lottery associated with 
individual PCTs, and how many cycles they are 
prepared to fund. For some the drive towards SET 
was seen as an affront to personal treatment choice, 
which is at odds with the Department of Health’s 
‘patient choice’ agenda.110 This policy initiative 
focuses on enabling patient choice across a variety 
of conditions to encourage a greater sense of 
control and provide more personalised services. For 
patients undergoing IVF who express a preference 
for DET, the sense of being steered towards SET 
could be viewed as way of curtailing patient choice.

As far as we are aware this is the first study to 
specifically target the views of women and couples 
undergoing private treatment, as well as that in 
the NHS. This is an important aspect as, within 
IVF, the need to access private treatment can be 
related to lack of access to NHS funding, rather 
than an option for those who are financially able 
to pay for treatment. The interviews in this study 
revealed that, not surprisingly, funding did impact 
on the decision to opt for SET. For those who self-
funded their treatment this added an extra layer 
to their decision-making process. The high cost 
of private treatment enhanced the view that it was 
better to opt for DET, in order to negate the need 
for further treatment, increase success rates, and 
achieve a ‘ready-made’ family rather than pay for 
subsequent cycles. This view was also prevalent in 
those women who already had a child (via either 
IVF or natural conception). This shows that, for 
a subset of women, preference for twins is not 
mitigated by a previous successful live birth. This 
finding differs from that of Glazebrook et al.111 
who found that having a child mitigated the desire 
for twins however, their sample were not self-
funding. Opinions on frozen embryos revealed a 
mixed profile from both NHS and private patients: 
some found the option of SET followed by a 
frozen cycle as unacceptable, and viewed this as a 
threat to success rates. Concerns about ownership 
of embryos were also raised. Others were more 
amenable to this form of treatment; however, 
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several self-funding participants felt that this 
should be offered as a free cycle if the uptake of 
SET was to be encouraged.

There are several limitations to this study. As this 
was a small qualitative study, the findings cannot be 
viewed as generalisable to all women and couples 
undergoing IVF treatment. The initial mail shot 
at the NHS clinic yielded a low response rate, and 
unfortunately ethical and time restraints did not 
allow for repeated mailings. Patients undergoing 
IVF treatment reported a considerable treatment 
burden over a concentrated timeframe, and as 
such it is possible that the timing of the request 
is crucial. Future studies would benefit from a 
longer recruitment period, more innovative 
recruitment strategies and additional reminder 
systems. In addition, the selectiveness of the 
sample may have attracted only those people who 
held particular views about SET. Clinicians’ views 
were not accessed in this study, but we know from 
previous work that clinicians display a range of 
views regarding SET and that this can have an 
effect on the consultation.29,112 The clinician/patient 
interaction in the decision-making process to 
choose SET or DET can be inferred only from the 
data collected in the interviews. However, despite 
these limitations, rich data were obtained from a 
wide variety of women and couples undergoing 
IVF which would not have been possible within 
the confines of a routine clinical treatment 
consultation. The interviewer was independent 
of the treatment process, and the majority of the 
interviewers were conducted in the participants’ 
own home at their convenience with no time limit 
on the interview, which potentially could have 
increased the couple’s feelings of control and 
empowerment. The men interviewed in this study 
contributed equally in the interviews, and this may 
not always be the case in a clinical setting.

In conclusion, the findings show that the strong 
desire to maximise treatment success (in terms of 
achieving a pregnancy) and the emotional, physical 
and, for some, financial burden of IVF treatment 
appear to negate the argument for offering more 
treatment cycles with SET in order to bring success 
rates in line with DET. Furthermore, offering a 
treatment plan of SET plus embryo freezing would 
not be acceptable to some groups of patients. 
There is a lack of accurate information regarding 
the freezing of embryos, and any policy would need 
to take into account the emotional feelings towards 
embryos expressed by some women in this study. 
In addition, whereas a frozen cycle may not have 
the same treatment burden as a fresh cycle, the 

accompanying emotional burden is not necessarily 
reduced. There is need to verify the findings of this 
study with a larger national survey sample to assess 
how representative the views expressed in this study 
are of the wider population undergoing IVF.

This study has shown that the decision-making 
process surrounding the choice of SET versus 
DET is complex, multifaceted and dependent on 
a number of factors. In order to promote SET, 
clinicians, clinics and policy-makers need to be 
aware of the strength of women’s and couples’ 
beliefs. Such belief systems have been formed over 
time, and are unlikely to be significantly altered 
in a routine clinic consultation. As Bergh et al.112 
comment, although legislation has been highly 
effective in reducing multiple births in Sweden, 
changing attitudes is an equally important goal. 
More work is needed, focused on helping women 
and couples undergoing IVF make treatment 
choices that are tailored to them as individuals, 
particularly as past interventions have met with 
limited success.26 It is apparent that information 
needs to be tailored and targeted to the various 
subgroups of patients undergoing IVF treatment. 
The view that twins are a normal event was 
prevalent in this sample, and this normalisation 
process requires acknowledgement. The perception 
that twins could have negative outcomes was only 
really addressed by those who had experience of 
these outcomes in their own social networks. There 
is a possible role for counsellors, who specialise in 
subfertility, and psychologists in the development 
of such interventions, to help guide clinicians in 
the identification and modification of unhelpful 
attitudes and beliefs. The move towards a SET 
policy for women and couples undergoing IVF 
treatment faces many challenges; however, these 
are perhaps more heightened in the private sector 
where financial outlay by patients may affect their 
acceptance of SET.

Summary

The interviews indicate that, despite having had 
the risks explained, for many patients a twin 
birth is the ideal outcome. There is scepticism 
concerning the motivation to reduce twin numbers.

Many equate this to saving money and a lack 
of due priority for fertility treatments. Potential 
restrictions on DET are seen to conflict with the 
NHS patient choice agenda. Scepticism also 
exists over the use of cryopreservation and frozen 
transfers.
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Introduction

The HFEA, which regulates IVF treatment, 
maintains a register of all such treatments 
performed in the UK. All treatments must be 
registered with the HFEA by law. Clinic returns 
contain details of the treatments and the numbers 
of embryos generated and their fates and basic 
patient data, along with minimal outcome data, are 
recorded. However there are no data on embryo 
quality. These data collected by the HFEA are 
used for regulatory purposes, to monitor clinics’ 
performance and to provide basic information 
about clinics to patients. Here we have analysed a 
cohort of IVF treatments from 2000–5 inclusive.

In the next section we describe the data 
extraction and cleaning necessary to enable a 
meaningful analysis, and then go on to present the 
characteristics of the resultant dataset, describe 
how the LR models were developed, present the 
models, along with some model validation work, 
including the extension to include frozen cycles, 
discuss the implications for eSET, and conclude 
with a discussion. There are a number of sections 
which are of more technical interest and do not 
contain information necessary to understand the 
rest of the material: these are indicated with an 
asterisk against the title.

Data extraction and 
cleaning
This section outlines the process by which the 
dataset provided was processed to give the data 
analysed.

Data source

The original data provided from the HFEA registry 
had 232,990 treatment cycles covering the period 
2000–5. These included a variety of treatments not 
appropriate to this study. Of the 232,990 cycles, 
128,139 were recorded as IVF (with 102,152 of 
these having one to three embryos transferred) and 
91,262 as ICSI (with 84,761 of these having one to 
three embryos transferred).

Data selection
Cycles were included if they met the following 
inclusion criteria:

•	 treatment type: ICSI or IVF
•	 cycles with one, two, or three embryos 

transferred
•	 age 19–54
•	 patient’s own eggs
•	 date started trying to conceive or last pregnant 

after start of 1980.

Cycles were excluded if they met any of the 
following exclusion criteria:

•	 donor eggs
•	 frozen/thawed eggs
•	 natural or hormone replacement therapy 

(HRT) induction
•	 cases with rare, non-standard, ovulation 

induction regimes (defined as induction types 
recorded for fewer than 150 cycles in the 
database)

•	 cycles not fully identifiable as either fresh or 
frozen cycles (no mixed cycles), i.e. fresh cycles 
with frozen embryos and frozen cycles with 
fresh eggs mixed or cycles classified as fresh 
and frozen.

After selecting the relevant data we had 172,189 
embryo transfers from 104,610 patients in 84 
treatment centres.

*Data cleaning and exploration 
of missing data

Table 13 lists some of the integrity checks made on 
the database and the number of cycles that failed 
each test. A number of tests that never failed are 
not listed. In this table we give the total failing the 
test, the breakdown by outcome, the mean age of 
those failing the test and the proportion failing in 
fresh cycles. Cycles could fail multiple tests so there 
are more failures noted than cycles excluded.

After data failing these checks had been removed, 
we were left with 139,848 transfers from 85,349 
patients in 84 treatment centres. 19% of the 

Chapter 3  
Modelling the national data
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cycles contained some missing or invalid data. 
The biggest problem was in the recording of the 
duration of infertility, with significant loss also 
due to conflicts in the definitions of primary and 
secondary infertility.

Reassuringly there is no indication that there was 
differential loss of data according to any of the 
characteristics we have explored, except that more 

frozen cycles were lost. Figure 7 shows the values of 
outcome, age and transfer type (fresh/frozen) for 
the removed and included cases. It is of note that 
we can detect no difference in data quality between 
cycles leading to a pregnancy and those that did 
not (as demonstrated in the figure); we would 
expect such a difference owing to the extra data 
checking that was instituted in the HFEA historic 
data project.

TABLE 13  Numbers of cycles failing integrity tests in the HFEA dataset

Reason for exclusion
Number 
failing

Number of births

Mean 
age (SD)

Number of 
fresh cycles 
(%)0 (%) 1 (%) 2+ (%)

Age (missing) 2496 2027 (81%) 341 (14%) 128 (5%) 2206 (88%)

Duration (missing or impossible value due 
to input errors)

15,679 12,084 (77%) 2739 (17%) 856 (6%) 35.1 (4.3) 12,557 (80%)

Previous assisted pregnancies > total 
previous pregnancies

226 162 (72%) 52 (23%) 12 (5%) 34.6 (4.5) 174 (77%)

Previous births > total previous 
pregnancies

234 162 (69%) 60 (26%) 12 (5%) 35.0 (4.2) 179 (76%)

Previous IVF treatments = 0 (or missing) 
and previous assisted pregnancies > 0

3640 2685 (74%) 724 (20%) 231 (6%) 35.1 (4.4) 3025 (83%)

Primary/secondary diagnosis conflicts 
(female)

5306 3886 (73%) 1068 (20%) 352 (7%) 34.8 (4.4) 4432 (84%)

Primary/secondary diagnosis conflicts 
(male)

7817 6107 (78%) 1314 (17%) 396 (5%) 35.4 (4.6) 6732 (86%)

Primary/secondary diagnosis conflicts 
(couple)

4926 3789 (77%) 893 (18%) 244 (5%) 35.6 (4.5) 4167 (85%)

Total eggs mixed > total mixed with 
partners sperm + total mixed with donor 
sperm

22 16 (73%) 5 (23%) 1 (5%) 34 (3.7)

Embryos created > eggs mixed (fresh 
cycles)

66 56 (85%) 9 (14%) 1 (2%) 34.7 (4.3)

Embryos created > embryos created with 
partner + embryos created with donor 
(fresh cycles)

16 12 (75%) 4 (25%) 0 (0%) 33.9 (4.2)

Embryos created < embryos transferred 
(fresh cycles)

95 83 (87%) 11 (12%) 1 (1%) 34.7 (4.4)

Embryos thawed + viable > embryos 
thawed (frozen cycles)

4 3 (75%) 1 (25%) 0 (0%) 34.2 (3.8)

Embryos thawed + viable < embryos 
transferred (frozen cycles)

231 209 (90%) 18 (8%) 4 (2%) 34.2 (4.3)

Source of sperm is partner but embryos 
transferred field not flagged as partner

1938 1603 (83%) 269 (14%) 66 (3%) 34.4 (4.4) 519 (27%)

Cycle recorded as having embryo transfer 
but a reason for not transferring embryos 
given

87 82 (94%) 5 (6%) 0 (0%) 34.7 (4.4) 75 (86%)

Egg collection date missing (fresh) or 
present (frozen)

694 548 (79%) 111 (16%) 35 (5%) 34.2 (4.3) 547 (79%)

Date egg thawed present 31 31 (100%) 0 (0%) 0 (0%) 33.8 (4.1) 11 (35%)
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*Patient history in the HFEA 
data
One specific issue with the HFEA data is updating 
of patient history. For individuals with several cycles 
it has been confirmed by the HFEA that variables 
such as previous pregnancies, infertility status and 
previous treatments are not updated from cycle 
to cycle. In other words, the history recorded on 

the database is always that at the time the couple 
first attended for treatment. We have updated 
the dataset where possible to adjust for this but 
obviously there may be further errors in the dataset 
arising from this issue. Attempt number, as defined 
by the HFEA, includes all previous treatments with 
and without embryo transfer, being derived from 
the number of registered cycles.
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FIGURE 7  Cases included and removed from the analysis. Pairs of panels show excluded and included cases, upper panels show 
percentages by outcome, middle panels the age distributions as a box and whisker plot and lower panels percentages of fresh and 
frozen cycles.

TABLE 14  Data available in the HFEA analysis dataset

Couples Cycles

Cycles with one 
embryo transferred 
(%)

Cycles with two 
embryos transferred 
(%)

Cycles with three 
embryos transferred 
(%)

All 85,349 139,848 13,285 (9.5%) 106,143 (75.9%) 20,420 (14.6%)

Fresh 81,965 119,930 10,139 (8.5%) 92,271 (76.9%) 17,520 (14.6%)

Frozen 14,884 19,918 3146 (15.8%) 13,872 (69.6%) 2900 (14.6%)



Modelling the national data

42

TABLE 15  Patient characteristics in the HFEA dataset

Parameter Categoriesa Fresh cycles (%) Frozen cycles (%)

Numbers of transfers 119,930 (86%) 19,918 (14%)

Number of embryos transferred 1

2

3

10,139 (8%)

92,271 (77%)

17,520 (15%)

3146 (16%)

13,872 (70%)

2900 (15%)

Age Mean (SD) [range] 34.4 (4.4) [19–50] 34.5 (4.4) [19–54]

Number of eggs collected Mean (SD) [range] 10.5 (5.9) [1–85]

Number of eggs inseminated Mean (SD) [range] 9.4 (5.4) [1–65]

Number of embryos created/recovered Mean (SD) [range] 6.5 (4.2) [1–45] 3.7 (2) [1–22]

Treatment attempt 1st

2nd

3rd

> 3rd 

69,123 (58%)

27,354 (23%)

12,835 (11%)

10,618 (9%)

1073 (5%)

8835 (44%)

4826 (24%)

5184 (26%)

IVF or ICSI IVF

ICSI

63,182 (53%)

56,748 (47%)

11,461 (58%)

8457 (42%)

Total previous pregnancies/births Never pregnant

Previously pregnant

1 previous live birth

≥2 previous live births

69,681 (58%)

29,919 (25%)

16,315 (14%)

4015 (3%)

8835 (44%)

5872 (29%)

4469 (22%)

742 (4%)

Years infertile Mean (SD) [range] 5.1 (3.9) [0–25] 4.8 (4) [0–25]

Tubal diagnosis Yes 29,108 (24%) 5446 (27%)

Diagnosis of PCOS Yes 15,116 (13%) 2927 (15%)

Endometriosis Yes 8567 (7%) 1105 (6%)

Male factor diagnosis Yes 52,300 (44%) 8380 (58%)

Idiopathic diagnosis Yes 25,305 (21%) 3877 (19%)

Donor sperm Yes 2681 (2%) 495 (2%)

Day of transfer < 2

2

3

> 3

1386 (1%)

82,299 (69%)

31,560 (26%)

4685 (4%)

NA

Year 2000

2001

2002

2003

2004

2005

17,338 (14%)

18,834 (16%)

19,195 (16%)

19,864 (17%)

22,031 (18%)

22,668 (19%)

1478 (7%)

2694 (14%)

3235 (16%)

4003 (20%)

4066 (20%)

4442 (22%)

Transfers per couple 1

2

> 2

55,020 (67%)

19,083 (23%)

7862 (10%)

11,228 (75%)

2709 (18%)

947 (7%)

a	 Some categories are mean (SD) [range].
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Characteristics of the 
dataset
After cleaning, the total number of transfer cycles 
available for analysis was 139,848: 119,930 fresh 
and 19,918 frozen, from 85,349 couples (Table 14).

Table 15 summarises the characteristics of the 
patients in the dataset for the variables available 
and considered for the modelling process, while 
Table 16 summarises the outcomes on a per-embryo 
transfer basis. In Table 15 we see that around 
1000 (5%) frozen transfers were recorded as first 
attempts, which must reflect incorrect recording or 
inconsistent definition of attempt number, possibly 
reflecting egg retrievals with no transfer being 
omitted from the attempt count.

Developing a logistic 
regression model
This section describes the development of the LR 
models. The basic approach and presentation of 
the results was described in Chapter 1, Statistical 
modelling approaches. The basic models include 
random effect terms (simple random intercepts) to 
allow for correlations between transfers in the same 
patients and for centre differences, with models 
without these effects also fitted for comparison.

LR model development for fresh 
cycles

We adopted a strategy whereby the variables to 
be included in the model were pre-specified and 
included as main effects regardless of statistical 

considerations. As there was an excess of data, 
rather than assume a functional form for numerical 
variables such as age and numbers of embryos, 
these were fitted as categorical variables with a 
large number of groups. The relationships were 
expected to be highly non-linear. Preliminary 
exploratory analysis of the variable distribution 
was performed to select appropriate categorisation 
suitable across all the subsets of data to be 
used, avoiding groups with small numbers of 
observations. Three of the potential variables 
were very similar measures of the success of the 
stimulation and fertilisation process and were 
highly correlated: eggs collected, eggs mixed 
and embryos created. Owing to concerns over co-
linearity, the most predictive of these variables 
was considered for the model: each was added 
individually to a model with number transferred 
and age group, and embryos created selected as 
having the lowest AIC.

The variables included in the models with their 
categorisation are shown in Table 17.

*Interactions

Interactions were added to the model with all 
variables according to the BIC. The reason for 
choosing the BIC was to prevent overcomplicated 
terms being included purely as a result of the 
size of the dataset. Whereas the AIC penalises 
according to the number of parameters in the 
model only, the BIC also penalises on the size of 
the dataset. We considered interactions of each 
variable with each of the three most important 
variables (number transferred, age and embryos 
created). Thus there were 14 + 13 + 12 = 39 

TABLE 16  Outcomes for data in analysis dataset

Cycle
Embro 
transfer 0 live births (%) 1 live birth (%) ≥ 2 live births (%) LBEs (%) Twin ratea

All 1 12,039 (91%) 1233 (9%) 13 (0%) 1246 (9%) 1%

2 77,809 (73%) 21,168 (20%) 7166 (7%) 28,334 (27%) 25%

3 16,107 (79%) 3085 (15%) 1228 (6%) 4313 (21%) 28%

Fresh 1 9163 (90%) 964 (10%) 12 (0%) 976 (10%) 1%

2 66,421 (72%) 19,117 (21%) 6733 (7%) 25,850 (28%) 26%

3 13,732 (78%) 2676 (15%) 1112 (7%) 3788 (22%) 29%

Frozen 1 2876 (91%) 269 (9%) 1 (0%) 270 (9%) 0%

2 11,388 (82%) 2051 (15%) 433 (3%) 2480 (18%) 17%

3 2375 (82%) 409 (14%) 116 (4%) 514 (18%) 20%

a	 Multiple live births per LBE.
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interactions tested. No interactions met the 
inclusion criteria for the model for all fresh cycles 
and so these were not considered further.

LR models including frozen 
cycles

In order to compare the outcomes of fresh and 
frozen cycles the full model for all cycles was 
refitted to the combined fresh and frozen cycle 
data. The number of embryos created was not 
available for the frozen cycles; for these cycles, 
this was set to a new category ‘frozen’. Thus, the 
coefficient for ‘frozen’ is comparable to a fresh 
cycle with six embryos created. Transfer day was 
also removed from the model as it does not have a 
simple interpretation for frozen data.

A nested random effects model to allow for 
clustering at the centre and patient levels was 

used, as with the fresh cycles. It would have been 
desirable to include each egg collection as a 
clustering variable but this information was not 
present in the HFEA dataset owing to a lack of 
linkage between the frozen cycles and the fresh 
cycle in which the embryos were created.

Each variable was tested for an interaction with a 
fresh/frozen binary variable (using the fixed model 
for computational reasons), allowing us to see if 
individual variables behave differently in frozen 
cycles. These interactions were added sequentially, 
with the variable with the most significant value for 
the LRT being included first. As there was some 
evidence of different behaviour in frozen cycles 
for some variables (in particular, age), to enable 
comparison a model for frozen cycles alone was 
fitted. This was equivalent to the model for fresh 
cycles, apart from the number of embryos created 
which was not present, but a new variable, number 

TABLE 17  Variables included in the models for the HFEA collaborative dataset

Parameter Categoriesa Comments

Numbers of embryos 
transferred

1, 2 or 3 This is included to allow for the possibility that 
the clinical decision may select different patient 
populations

Age ≤ 26, 27–29, 30, 31, 32, 33, 34, 35, 
36, 37, 38, 39, 40–42, ≥ 43

Well-documented predictor (see Chapter 1, 
Informal review of the relevant literature)

Number of embryos createdb 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11–12, 
13–16, ≥ 17

Well-documented predictor (see Chapter 1, 
Informal review of the relevant literature)

Number of embryos thawed 
and viablec

1, 2, 3, 4, ≥5

Treatment attempt 1st, 2nd, 3rd, 4th, 5th, ≥ 6th Well-documented predictor (see Chapter 1, 
Informal review of the relevant literature)

Note: attempt is defined as total fresh and frozen 
cycles with or without transfer

IVF or ICSI IVF, ICSI

Birth history 0 previous pregnancies, previously 
pregnant, 1 live birth, ≥ 2 live births

Years infertile 0–1, 2, 3, 4, 5, 6, 7, 8, 9, 10–11, ≥ 12

Tubal diagnosis No, yes Previous studies are conflicting in the role of 
diagnosis (see Chapter 1, Informal review of the 
relevant literature). It was decided to include 
diagnosis as a set covering the main recorded 
diagnoses

Diagnosis of PCOS No, yes

Endometriosis No, yes

Male factor diagnosis No, yes

Idiopathic diagnosis No, yes

Donor sperm No, yes

Day of transfer < 2, 2, 3, > 3

Year 2001, 2002, 2003, 2004, 2005 Trends over time are expected

a	 Reference level shown in bold.
b	 Fresh transfers.
c	 Frozen transfers.
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of embryos thawed and viable, was included 
instead. This enables direct comparison of the 
effects of variables on the fresh and frozen cycles.

The logistic regression 
models
Here we present the LR models for the HFEA 
dataset. We first present a model for LBEs in the 
total dataset. We then present a model for twins 
given an LBE. For this model we consider only 
patients with DET, as it clearly does not make sense 
in patients undergoing SET, and cycles with more 
than two embryos transferred are not relevant to 
the SET/DET decision. We therefore additionally 
present a model for LBEs in the DET patients. 
Finally, we present the model for LBEs in frozen 
transfers. Some details of the model validation 
work are presented but can be omitted (see section 
LR model validation).

Model for LBEs in all fresh cycles

The model parameters are shown in Table 18 and 
the fitted LBE rates are shown in Figures 8 and 9. 
Table 18 shows the coefficients for the LR model for 
a successful treatment outcome from a single fresh 
cycle. The left-hand columns give the estimates for 
a fixed effect model – i.e. without any allowance 
for intercouple correlations – while the right 
hand columns show the estimates for the model 
which includes a couple random effect. There is a 
strong dependence with age as expected (see, for 
example, Templeton et al.79), with a steep decline 
in success rates after around age 32. The number 
of embryos created is a strong prognostic factor – 
more embryos created gives more from which the 
embryos to be transferred can be selected – and 
so acts as a surrogate indicator of embryo quality. 
It is likely that the embryo number also acts as a 
surrogate for hormonal status as this is correlated 
with the number of eggs collected.2,113

We note that although there are strong 
dependencies on age (and the other covariates), 
there is a wide variation between individuals of any 
given age, with young patients with poor prognosis 
and old patients with relatively good prognosis.

Cycles with a single embryo transferred did 
worse, with an odds ratio for LBEs of about 0.5 
compared with DET. This would be expected as 
a consequence of fewer embryos but also reflects 
patient selection as the patients who received SET 

in this series would have different characteristics. 
In particular, many of these would have 
clinical conditions contraindicative of multiple 
pregnancies. Many would have had only a single 
embryo available: although this is allowed for in 
the model, embryo quality is not, and patients with 
few embryos would be likely also to have poorer-
quality embryos transferred. Three embryo transfer 
does not improve LBEs as might be expected; 
this reflects the restriction on its use to only poor 
prognosis situations – again the likelihood that 
these cycles have only poor-quality embryos is not 
accounted for in the model.

Day 2 and 3 transfers have similar outcomes, 
and longer culture times do lead to a higher per 
transfer LBE rate. However the data do not include 
information on the numbers of cycles in which no 
embryos survive for transfer, so we cannot conclude 
from this analysis that the overall success rate per 
full cycle is improved.

The number of previous attempts is only weakly 
prognostic, and might be expected to be larger.114 
However, as noted above, the data on attempt 
number are not totally reliable and so there 
may be some attenuation of this effect due to 
measurement error. Additionally, there are strong 
and complex selection effects due to treatment 
policies, availability of funding and patient choice, 
which means that the patient populations who 
receive more treatments are not the same as those 
who receive less. The weak effect of duration of 
infertility is subject to the same caveats. A positive 
birth history is unsurprisingly associated with better 
outcomes.69,79

There are three related variables associated 
with male infertility. ICSI is associated with 
marginally worse outcomes. A male cause of 
infertility is associated with better outcome, as is 
the use of donor sperm, these two variables being 
strongly related to each other. Given the strong 
relationships between these three variables, it 
is difficult to assign direct causal effects to any 
specific variable.

A tubal diagnosis is associated with worse 
outcomes, as has been noted in other work.52 An 
idiopathic diagnosis shows a weak association with 
better outcomes, which is of borderline statistical 
significance. Even in this very large dataset the 
effects of other diagnoses did not reach statistical 
significance once the associated factors were 
accounted for.
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TABLE 18  LR model for LBEs from fresh cycles in the full HFEA dataset (119,930 transfers)

Variablea

Fixed effects only Including REs

β SE pb OR 95% CI β SE

Intercept –0.69 0.04 0.50 0.46 to 0.54 –0.81 0.05

Number of embryos transferred < 0.001

1 –0.66 0.05 0.52 0.47 to 0.57 –0.66 0.05

3 0.03 0.02 1.03 0.99 to 1.07 –0.02 0.02

Age (years) < 0.001

≤ 26 0.10 0.04 1.11 1.02 to 1.20 0.14 0.04

27–29 0.15 0.03 1.16 1.10 to 1.23 0.17 0.03

30 0.19 0.03 1.21 1.14 to 1.28 0.22 0.04

31 0.13 0.03 1.14 1.07 to 1.21 0.15 0.03

32 0.16 0.03 1.18 1.11 to 1.24 0.18 0.03

33 0.12 0.03 1.12 1.06 to 1.20 0.14 0.03

34 0.06 0.03 1.06 1.00 to 1.13 0.07 0.03

36 –0.12 0.03 0.89 0.84 to 0.94 –0.13 0.03

37 –0.26 0.03 0.77 0.73 to 0.82 –0.27 0.03

38 –0.31 0.03 0.74 0.69 to 0.78 –0.32 0.04

39 –0.53 0.04 0.59 0.54 to 0.64 –0.55 0.04

40–42 –0.99 0.04 0.37 0.34 to 0.40 –1.03 0.04

≥ 43 –2.21 0.10 0.11 0.09 to 0.13 –2.26 0.10

Number of embryos created < 0.001

1 –0.70 0.07 0.50 0.43 to 0.57 –0.72 0.07

2 –0.61 0.03 0.54 0.51 to 0.58 –0.63 0.04

3 –0.36 0.03 0.70 0.66 to 0.74 –0.37 0.03

4 –0.21 0.03 0.81 0.76 to 0.86 –0.21 0.03

5 –0.10 0.03 0.90 0.85 to 0.96 –0.10 0.03

7 0.01 0.03 1.01 0.95 to 1.07 0.01 0.03

8 0.11 0.03 1.12 1.05 to 1.18 0.11 0.03

9 0.09 0.03 1.09 1.03 to 1.16 0.09 0.03

10 0.17 0.04 1.18 1.10 to 1.28 0.17 0.04

11–12 0.17 0.03 1.19 1.12 to 1.26 0.17 0.03

13–16 0.20 0.03 1.22 1.15 to 1.30 0.20 0.03

≥ 17 0.17 0.04 1.18 1.10 to 1.28 0.18 0.04

Cycle < 0.001

2nd –0.21 0.02 0.81 0.78 to 0.84 –0.18 0.02

3rd –0.24 0.02 0.78 0.76 to 0.82 –0.20 0.02

4th –0.32 0.03 0.73 0.68 to 0.77 –0.26 0.04

5th –0.26 0.05 0.77 0.70 to 0.85 –0.19 0.05

6th ≥ –0.42 0.05 0.66 0.60 to 0.72 –0.35 0.06

ICSI –0.05 0.02 0.02 0.96 0.91 to 0.99 –0.06 0.02

Previous history < 0.001

Previous pregnancy 0.02 0.02 1.02 0.98 to 1.06 0.02 0.02

Previous live birth 0.32 0.02 1.38 1.32 to 1.43 0.31 0.02

Two or more previous live births 0.25 0.04 1.29 1.19 to 1.39 0.27 0.04
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There was a small, but significant, improvement in 
outcome over the period of the cohort.

Models for LBE and twin rates in 
fresh DET cycles

Tables 19 and 20 give the parameter estimates for 
LBEs and twins, given an LBE for fresh DET cycles, 
and the predicted outcomes for selected variables 
are plotted in Figure 10. Results for LBEs are 
consistent with the full dataset. The parameters of 
the twin model are generally similar to that of the 
LBE DET model, indicating little differential effect 
of prognostic parameters for twins, as for LBEs.

*Random effects estimates from 
the mixed logistic regression 
models
In order to account for the correlations between 
multiple cycles from the same patients, and 
between patients from the same clinics (treatment 
centre effects), we included patient and centre 
effects as random effects in the LR models. 
Inclusion of these random effects did not affect 
the estimates of the other model parameters. Such 
models are computationally expensive to fit, and a 
number of approximations have been developed 
to speed up the computation. However these 
approximations are known to perform badly in 

Variablea

Fixed effects only Including REs

β SE pb OR 95% CI β SE

Duration of infertility (years) < 0.001

0–1 0.17 0.03 1.19 1.12 to 1.26 0.17 0.03

2 0.09 0.03 1.09 1.03 to 1.16 0.08 0.03

3 0.04 0.02 1.05 1.00 to 1.08 0.04 0.02

5 –0.05 0.03 0.95 0.90 to 1.01 –0.05 0.03

6 –0.08 0.03 0.92 0.87 to 0.98 –0.07 0.03

7 –0.11 0.03 0.89 0.84 to 0.95 –0.10 0.04

8 –0.13 0.04 0.88 0.81 to 0.95 –0.11 0.04

9 –0.12 0.05 0.89 0.80 to 0.98 –0.09 0.05

10–11 –0.13 0.04 0.87 0.81 to 0.95 –0.11 0.04

≥ 12 –0.19 0.03 0.82 0.78 to 0.88 –0.17 0.03

Cause of infertility < 0.001

Tubal diagnosis –0.21 0.02 0.81 0.78 to 0.84 –0.22 0.02

Diagnosis of PCOS 0.04 0.02 0.07 1.04 1.00 to 1.08 0.03 0.02

Endometriosis 0.00 0.03 0.94 1.00 0.94 to 1.06 –0.03 0.03

Idiopathic diagnosis 0.05 0.03 0.05 1.05 0.99 to 1.11 0.06 0.03

Male factor diagnosis 0.09 0.02 < 0.001 1.10 1.05 to 1.14 0.08 0.02

Donor sperm 0.29 0.05 < 0.001 1.34 1.21 to 1.47 0.31 0.05

Day of transfer

3 0.00 0.02 < 0.001 1.00 0.96 to 1.04 –0.07 0.02

≤ 2 –0.07 0.07 0.93 0.81 to 1.07 –0.01 0.07

> 3 0.42 0.03 1.52 1.44 to 1.61 0.28 0.04

Year < 0.001

2004 –0.09 0.02 0.92 0.88 to 0.95 –0.09 0.02

2003 –0.08 0.02 0.92 0.89 to 0.96 –0.08 0.02

2002 –0.09 0.02 0.91 0.88 to 0.95 –0.10 0.02

2001 –0.20 0.02 0.82 0.79 to 0.85 –0.19 0.02

2000 –0.21 0.03 0.81 0.76 to 0.86 –0.19 0.03

a	 All effects are relative to the reference levels indicated in Table 17 and omitted from this table.
b	 p-value is likelihood ratio test for a given variable when removed from the full model.

TABLE 18  LR model for LBEs from fresh cycles in the full HFEA dataset (119,930 transfers) (continued)
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FIGURE 9  LBE rates from the LR model fitted to the HFEA dataset.

FIGURE 8  LBE rates from the LR model fitted to the HFEA dataset.

0.0
20

0 5 10 15 20 0 5 10 15

25 30
Age

Duration of infertility (years) Previous attempts

Previous history

Previous
pregnancy

1 previous
birth

2000 2001 2002

Year

2003 2004 2005>1 previous
birth

Never
pregnant

Embryos created
35 40 45 0 5 10 15 20 25 30 35

0.2

0.4

0.6

Li
ve

 b
ir

th
s/

tr
an

sf
er

0.0

0.2

0.4

0.6

0.0

0.2

0.4

0.6

0.0

0.2

0.4

0.6

Li
ve

 b
ir

th
s/

tr
an

sf
er

0.0

0.2

0.4

0.6

0.6

0.0

0.2

0.4



DOI: 10.3310/hta14380� Health Technology Assessment 2010; Vol. 14: No. 38

© 2010 Queen’s Printer and Controller of HMSO. All rights reserved.

49

TABLE 19  LR model for LBEs for fresh DET cycles in the full HFEA dataset (92,271 transfers)

Variablea

Fixed effects only Including REs

β SE pb OR 95% CI β SE

Intercept –0.67 0.05 0.51 0.46 to 0.56 –0.79 0.06

Age (years) < 0.001

≤ 26 0.10 0.04 1.11 1.02 to 1.20 0.14 0.04

27–29 0.14 0.03 1.16 1.08 to 1.22 0.17 0.03

30 0.21 0.04 1.23 1.14 to 1.33 0.23 0.04

31 0.14 0.04 1.15 1.06 to 1.24 0.16 0.04

32 0.16 0.03 1.18 1.11 to 1.24 0.18 0.04

33 0.12 0.03 1.13 1.06 to 1.20 0.14 0.03

34 0.07 0.03 1.07 1.01 to 1.14 0.08 0.03

36 –0.11 0.04 0.89 0.83 to 0.97 –0.12 0.04

37 –0.26 0.04 0.77 0.71 to 0.83 –0.27 0.04

38 –0.33 0.04 0.72 0.66 to 0.78 –0.34 0.04

39 –0.55 0.04 0.58 0.53 to 0.62 –0.57 0.04

40–42 –1.05 0.05 0.35 0.32 to 0.39 –1.07 0.05

≥ 43 –2.16 0.15 0.12 0.09 to 0.15 –2.21 0.15

Number of embryos created < 0.001

2 –0.61 0.04 0.54 0.50 to 0.59 –0.63 0.04

3 –0.37 0.03 0.69 0.65 to 0.73 –0.38 0.03

4 –0.21 0.03 0.81 0.76 to 0.86 –0.22 0.03

5 –0.11 0.03 0.90 0.84 to 0.95 –0.11 0.03

7 0.01 0.03 1.01 0.95 to 1.07 0.01 0.03

8 0.09 0.03 1.10 1.03 to 1.16 0.09 0.03

9 0.08 0.04 1.09 1.00 to 1.17 0.08 0.04

10 0.16 0.04 1.17 1.09 to 1.27 0.16 0.04

11–12 0.17 0.03 1.19 1.12 to 1.26 0.18 0.04

13–16 0.18 0.04 1.19 1.11 to 1.29 0.18 0.04

≥ 17 0.14 0.05 1.15 1.04 to 1.27 0.16 0.05

Cycle < 0.001

2nd –0.23 0.02 0.79 0.76 to 0.83 –0.21 0.02

3rd –0.27 0.03 0.76 0.72 to 0.81 –0.25 0.03

4th –0.33 0.04 0.72 0.66 to 0.78 –0.30 0.04

5th –0.28 0.06 0.75 0.67 to 0.85 –0.24 0.06

6th ≥ –0.42 0.07 0.65 0.57 to 0.75 –0.37 0.07

ICSI –0.06 0.02 < 0.001 0.94 0.91 to 0.98 –0.06 0.02

Previous history < 0.001

Previous pregnancy 0.03 0.02 1.03 0.99 to 1.07 0.03 0.02

Previous live birth 0.32 0.02 1.38 1.32 to 1.43 0.32 0.02

Two or more previous live 
births

0.27 0.05 1.31 1.19 to 1.44 0.29 0.05

continued
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logistic models: although the fixed effect estimates 
are reliable, the estimates of the random effects 
are often biased.115 Thus, there is a pay-off between 
accuracy in estimation of random effects and 
practical fitting of the models. In this dataset it was 
not practical to fit the full dataset with a reliably 
accurate method [adaptive quadrature (AQ)] and 
a Laplace approximation had to be used to make 
the fitting feasible. Therefore, we derived a smaller 
dataset of approximately 10% the size by sampling 
100 patients from each treatment centre (or all 
patients if the number was less than 100). Even this 
relatively small sample of the HFEA dataset took a 

couple of days to fit via adaptive quadrature, using 
the stata glamm procedure.116 In this dataset the 
Laplace approximation gave a reasonable fitting 
time but appeared to underestimate the random 
effects at the patient level.

Table 21 shows the random effect estimates, 
expressed as the standard deviation of the 
distribution of effects between centres and patients 
(within centre). The Laplace approximation 
does underestimate the magnitude of the effects, 
particularly the lower-level patient effects. There 
are reasonably large intrapatient effects, with 

Variablea

Fixed effects only Including REs

β SE pb OR 95% CI β SE

Duration of infertility (years) < 0.001

0–1 0.15 0.03 1.16 1.10 to 1.23 0.15 0.03

2 0.08 0.03 1.08 1.02 to 1.15 0.07 0.03

3 0.05 0.03 1.05 0.99 to 1.11 0.05 0.03

5 –0.04 0.03 0.96 0.91 to 1.02 –0.04 0.03

6 –0.09 0.03 0.92 0.86 to 0.97 –0.08 0.03

7 –0.11 0.04 0.90 0.83 to 0.97 –0.09 0.04

8 –0.13 0.04 0.87 0.81 to 0.95 –0.11 0.04

9 –0.11 0.05 0.89 0.81 to 0.99 –0.09 0.05

10–11 –0.12 0.04 0.88 0.82 to 0.96 –0.10 0.04

≥ 12 –0.19 0.04 0.83 0.76 to 0.89 –0.17 0.04

Cause of infertility

Tubal diagnosis –0.23 0.03 < 0.001 0.80 0.75 to 0.84 –0.24 0.03

Diagnosis of PCOS 0.04 0.03 0.14 1.04 0.98 to 1.10 0.04 0.03

Endometriosis –0.03 0.03 0.37 0.97 0.92 to 1.03 –0.05 0.03

Idiopathic diagnosis 0.05 0.03 0.10 1.05 0.99 to 1.11 0.06 0.03

Male factor diagnosis 0.10 0.03 < 0.001 1.10 1.04 to 1.17 0.08 0.03

Donor sperm 0.31 0.05 < 0.001 1.36 1.24 to 1.5 0.33 0.05

Day of transfer < 0.001

3 0.01 0.02 1.01 0.97 to 1.05 –0.04 0.02

< 2 –0.05 0.07 0.95 0.83 to 1.09 –0.01 0.08

> 3 0.49 0.04 1.63 1.51 to 1.77 0.34 0.04

Year < 0.001

2004 –0.09 0.02 0.91 0.88 to 0.95 –0.09 0.02

2003 –0.07 0.02 0.93 0.90 to 0.97 –0.07 0.02

2002 –0.10 0.02 0.90 0.87 to 0.94 –0.10 0.03

2001 –0.19 0.03 0.83 0.78 to 0.88 –0.18 0.03

2000 –0.21 0.03 0.81 0.76 to 0.86 –0.21 0.03

a	 All effects are relative to the reference levels indicated in Table 17 and omitted from this table.
b	 p-value is likelihood ratio test for a given variable when removed from the full model.

TABLE 19  LR model for LBEs for fresh DET cycles in the full HFEA dataset (92,271 transfers) (continued)
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TABLE 20  Parameter estimates for twins given LBE for the DET cycles in the HFEA dataset (based on 25,850 successful transfers)

Variablea

Fixed effects only Including REs

β SE pb OR 95% CI β SE

Intercept –0.87 0.09 0.42 0.35 to 0.50 –0.87 0.09

Age (years) < 0.001

≤ 26 0.39 0.07 1.48 1.29 to 1.69 0.40 0.07

27–29 0.26 0.06 1.30 1.15 to 1.46 0.27 0.06

30 0.34 0.07 1.41 1.22 to 1.61 0.35 0.07

31 0.29 0.07 1.33 1.17 to 1.53 0.29 0.07

32 0.27 0.06 1.30 1.16 to 1.47 0.27 0.06

33 0.12 0.06 1.12 1.00 to 1.27 0.12 0.06

34 0.11 0.06 1.11 0.99 to 1.26 0.11 0.06

36 –0.10 0.07 0.91 0.79 to 1.04 –0.10 0.07

37 –0.24 0.08 0.78 0.67 to 0.92 –0.25 0.08

38 –0.49 0.09 0.61 0.51 to 0.73 –0.49 0.09

39 –0.57 0.10 0.57 0.46 to 0.69 –0.57 0.10

40–42 –1.02 0.14 0.36 0.27 to 0.47 –1.02 0.14

≥ 43 –1.16 0.53 0.31 0.11 to 0.89 –1.17 0.53

Number of embryos created < 0.001

2 –0.63 0.08 0.53 0.46 to 0.62 –0.64 0.08

3 –0.31 0.07 0.73 0.64 to 0.84 –0.32 0.07

4 –0.18 0.06 0.83 0.74 to 0.94 –0.19 0.06

5 –0.08 0.06 0.92 0.82 to 1.04 –0.08 0.06

7 –0.05 0.06 0.96 0.85 to 1.07 –0.05 0.06

8 0.00 0.06 1.00 0.89 to 1.12 0.00 0.06

9 0.01 0.07 1.01 0.88 to 1.16 0.00 0.07

10 0.01 0.07 1.01 0.88 to 1.16 0.01 0.07

11–12 0.04 0.06 1.04 0.93 to 1.17 0.04 0.06

13–16 0.03 0.06 1.03 0.92 to 1.16 0.02 0.06

≥ 17 0.09 0.08 1.10 0.94 to 1.28 0.10 0.08

Cycle 0.04

2nd –0.11 0.04 0.90 0.83 to 0.97 –0.11 0.04

3rd –0.02 0.05 0.98 0.89 to 1.08 –0.02 0.05

4th –0.01 0.08 0.99 0.85 to 1.16 –0.01 0.08

5th –0.02 0.12 0.98 0.77 to 1.24 –0.02 0.12

6th ≥ –0.29 0.14 0.75 0.57 to 0.98 –0.29 0.14

ICSI –0.06 0.04 0.11 0.94 0.87 to 1.02 –0.07 0.04

Previous history < 0.001

Previous pregnancy 0.05 0.04 1.05 0.97 to 1.14 0.05 0.04

Previous live birth 0.17 0.04 1.19 1.10 to 1.28 0.17 0.04

Two or more previous live births 0.26 0.09 1.30 1.09 to 1.55 0.27 0.09

continued
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the standard deviation being equivalent to the 
difference between a 35- and a 39-year-old patient. 
There are differences between centres that are of 
a magnitude to be clinically relevant: the standard 
deviation of 0.35 on the log-odds scale is equivalent 
to an odds ratio of 1.4. The random effect for the 
twin model is small, reflecting the fact that once 
LBEs are accounted for, the twin rates do not vary 
much.

*LR model validation
Figure 11 shows the observed and fitted data 
plotted against age and number of embryos 
created, showing that, overall, the models were 
a good fit to the dataset. There is no evidence of 
any systematic lack of fit in the model, but there 
is some evidence of overfitting and a somewhat 
coarser categorisation of the continuous variable 
might be more realistic.

Variablea

Fixed effects only Including REs

β SE pb OR 95% CI β SE

Duration of infertility (years) 0.08

0–1 –0.13 0.06 0.88 0.78 to 0.99 –0.13 0.06

2 –0.10 0.05 0.91 0.82 to 1.00 –0.10 0.05

3 –0.04 0.05 0.96 0.87 to 1.06 –0.04 0.05

5 –0.04 0.06 0.96 0.85 to 1.08 –0.04 0.06

6 0.01 0.06 1.01 0.90 to 1.14 0.01 0.06

7 –0.14 0.07 0.87 0.76 to 1.00 –0.13 0.07

8 0.01 0.08 1.01 0.86 to 1.18 0.01 0.09

9 –0.17 0.1 0.85 0.69 to 1.03 –0.16 0.10

10–11 –0.24 0.09 0.79 0.66 to 0.94 –0.24 0.09

≥ 12 –0.05 0.07 0.95 0.83 to 1.09 –0.05 0.07

Cause of infertility

Tubal diagnosis –0.08 0.05 0.09 0.92 0.84 to 1.02 –0.09 0.05

Diagnosis of PCOS –0.06 0.05 0.25 0.94 0.85 to 1.04 –0.06 0.05

Endometriosis 0.00 0.06 0.98 1.00 0.89 to 1.12 0.00 0.06

Idiopathic diagnosis –0.04 0.06 0.50 0.96 0.85 to 1.08 –0.04 0.06

Male factor diagnosis –0.07 0.05 0.15 0.93 0.85 to 1.03 –0.08 0.05

Donor sperm 0.09 0.10 0.35 1.09 0.90 to 1.33 0.09 0.10

Day of transfer < 0.001

3 –0.06 0.03 0.94 0.89 to 1.00 –0.08 0.04

< 2 0.16 0.14 1.17 0.89 to 1.54 0.15 0.15

> 3 0.48 0.06 1.62 1.44 to 1.82 0.43 0.06

Year 0.40

2004 –0.09 0.04 0.91 0.85 to 0.99 –0.09 0.04

2003 –0.04 0.05 0.96 0.87 to 1.06 –0.04 0.05

2002 –0.06 0.05 0.94 0.85 to 1.04 –0.06 0.05

2001 –0.08 0.05 0.92 0.84 to 1.02 –0.08 0.05

2000 –0.07 0.05 0.93 0.85 to 1.03 –0.08 0.05

a	 All effects are relative to the reference levels indicated in Table 17 and omitted from this table.
b	 p-value is likelihood ratio test for a given variable when removed from the full model.

TABLE 20  Parameter estimates for twins given LBE for the DET cycles in the HFEA dataset (based on 25,850 successful transfers 
(continued)
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FIGURE 10  Fitted success (LBEs) and twin rates for fresh DET transfers in the HFEA dataset. Live births (left); twins per LBE (right).

Li
ve

 b
ir

th
s/

tr
an

sf
er

M
ul

tip
le

s/
LB

E

0.6

0.4

0.2

0.0

0.6

0.4

0.2

0.0

0.6

0.4

0.2

0.0

0.6

0.4

0.2

0.0

0.6

0.4

0.2

0.0

0.6

0.4

0.2

0.0

0.6

0.4

0.2

0.0

0.6

0.4

0.2

0.0

0.6

0.4

0.2

0.0

0.6

0.4

0.2

0.0

0.6

0.4

0.2

0.0

0.6

0.4

0.2

0.0

20 25 30 35 40 45

Live births Twins per LBE

10 20 30 40
Embryos created

Age

20 25 30 35 40 45

Age

10 20 30 40
Embryos created

0 5 10 15 20 25
Duration of infertility (years)

0 5 10 15 20
Duration of infertility (years)

0 5 10 15 0 2 4 6 8 10 12
Previous attempts Previous attempts

Never
pregnant

Previous
pregnancy

1 previous
live birth

>1 previous
live birth

Previous history

Never
pregnant

Previous
pregnancy

1 previous
live birth

>1 previous
live birth

Previous history

2000 2001 2002 2003 2004 2005
Year

2000 2001 2002 2003 2004 2005
Year



Modelling the national data

54

Table 22 gives the area under the receiver operating 
characteristic (ROC) curve (AUC) for the various 
LR models, a measure of the goodness of fit; a 
value of 0.5 implies that the model prediction is 
essentially random while a value of 1 gives perfect 
classification. The fits are reasonable; with the 
random effect increasing the AUC fit by a modest 
amount. Clearly the models would not be useful for 

predicting individual outcomes, but this does not 
preclude their usefulness for predicting population 
outcomes. The fitted AUC values are in line with 
those found by Hunault et al.,53 who observed AUC 
values of 0.68 with a logistic regression to model 
pregnancy and 0.71 when modelling a twin versus 
no-twin outcome (as opposed to the conditional 
model used here).

TABLE 21  HFEA data: random effects estimates from the mixed logistic regression models in the full and 10% sample of the HFEA 
data using the Laplace approximation and the more accurate adaptive quadrature (AQ) method

Dataset
Number of 
transfers

Number of 
centres

Number of 
patients

Random effect SD 
(estimate SEa)

Centre Patient

All cycles LBE (full – Laplace) 119,930 84 81,965 0.28 0.30

All cycles LBE (sample – Laplace) 11,875 84 8280 0.32 0.23

All cycles LBE (sample – AQ) 11,875 84 8280 0.35 (0.04) 0.56 (0.16)

DET cycles LBE (full – Laplace) 92,271 84 67,657 0.27 0.27

DET cycles LBE (sample – Laplace) 10,632 84 8009 0.27 0.23

DET cycles LBE (sample – AQ) 10,632 84 8009 0.29 (0.04) 0.56 (0.16)

DET cycles twins given LBE (full – Laplace) 25,850 84 25,158 0.09 NAb

DET cycles twins given LBE (full – AQ) 25,850 84 25,158 0.09 (0.02) NAb

NA, not available.
a	 Owing to software limitations, the SE of the random effect was available only in AQ fits.
b	 It was not feasible to fit a random effect at this level for this model – very few patients have repeated successful cycles.

FIGURE 11  Fitted and observed outcomes for the LR models for the two most predictive variables in the HFEA dataset. Live births 
(left); twins per LBE (right).

0.0 

0.2 

0.4 

0.6 

0.0 

0.2 

0.4 

0.6 

0.0 

0.2 

0.4 

0.6 

0.0 

0.2 

0.4 

0.6 

M
ul

tip
le

s/
LB

E

Li
ve

 b
ir

th
s/

tr
an

sf
er

 

Age 

Live births Twins per LBE 

Embryos created 

20 25 30 35 40 45 

Age 

20 25 30 35 40 45 

10 20 30 40 

Embryos created 

10 20 30 40 



DOI: 10.3310/hta14380� Health Technology Assessment 2010; Vol. 14: No. 38

© 2010 Queen’s Printer and Controller of HMSO. All rights reserved.

55

Table 23 shows the results of a bootstrap-based 
calibration procedure.104 This procedure is 
designed to assess whether the fitted model 
displays characteristics of overfitting, with a well-
fitting model giving a calibration intercept close 
to 0 and slope close to 1. There is no evidence of 
serious overfitting, despite the large number of 
parameters included in the model.

It is possible that observations with several previous 
cycles may not behave the same in the model as 
those from earlier cycles. Therefore, as a sensitivity 
analysis, the model was fitted to first cycles only 
and the parameter estimates compared with 
the model above (Table 24). No differences were 
observed, and there was no evidence that variables 
behave differently in models for all cycles or of an 
interaction between cycle number and other effects 
(based on the BIC).

LR models including frozen 
cycles

If we fit the fresh and frozen data to the same 
model, allowing for an overall (intercept) difference 
in LBEs due to freezing, we obtain an estimate 
of b = –0.52 (SE 0.03) for the freezing effect 
compared with a fresh cycle with six embryos 
created. This translates to an odds ratio of 0.6 (95% 
CI 0.57 to 0.64). It would not be unexpected to see 
an odds ratio a little less than 1 for frozen embryo 
transfer as the majority of patients will have already 
undergone an unsuccessful fresh cycle; however, 
this result does indicate that frozen cycles are less 
successful.

There is evidence that the effect of freezing varies 
according to some of the clinical characteristics, 
and Table 25 shows the results of the tests for 
interaction that proved to be statistically significant 
(with each variable added sequentially – no further 
variables were significant).

The fit to the frozen data is shown in Table 26, 
which should be compared with the fresh cycles 
in Table 18. Figure 12 compares the predicted 
outcomes for the fresh and frozen transfers. Success 
rates in frozen transfers are similarly lower for all 
patient characteristics. Overall, the effects of the 
clinical characteristics are very similar between 
fresh and frozen transfers once the much lower 
overall success rate is taken into account.

The decline in success with age appears to be 
somewhat less in frozen transfers, reflecting the 
statistically significant interaction. In this data we 
did not have the age at which the embryos were 
created (there is no link to the fresh cycle), so it is 
possible that this is due to the fact that transfers 
in older patients utilise embryos created when the 
patients were younger. Three-embryo transfers 
did relatively better in frozen cycles compared 
with fresh cycles. During this period three-embryo 
transfers should have been undertaken only in 
exceptional circumstances, and it is likely that this 
effect reflects different selection criteria for fresh 
and frozen transfers and therefore different patient 
populations. Also, without a measure of embryo 
quality, it is not possible to ascertain whether this 
difference reflects different quality embryos in the 
three-embryo transfers between fresh and frozen 

TABLE 22  HFEA data: area under ROC for LR models without and with patient-level random effects

Dataset

AUC

Fixed effects only With REs

All cycles LBE 0.66 0.71

DET cycles LBE 0.63 0.69

DET cycles twins given LBE 0.60 0.61

TABLE 23  HFEA data: bootstrap resampling of fixed effect LR models

Dataset

Bootstraps (n = 100)

Calibration intercept Calibration slope AUC

All cycles LBE –0.01 0.99 0.66

DET cycles LBE –0.01 0.98 0.63

DET cycles twins given LBE –0.08 0.92 0.61
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TABLE 24  Comparison of LR model including all cycles (119,930 transfers as in Table 18) and a model including only the first cycles 
(58,952 transfers)

Variable All cycles [OR (95% CI)] First cycles only [OR (95% CI)]

Number of embryos transferred

1 0.52 0.47 to 0.57 0.47 0.41 to 0.55

3 1.03 0.98 to 1.08 1.03 0.96 to 1.12

Age (years)

≤ 26 1.11 1.03 to 1.20 1.16 1.05 to 1.27

27–29 1.16 1.09 to 1.23 1.19 1.10 to 1.29

30 1.21 1.13 to 1.30 1.31 1.19 to 1.44

31 1.14 1.07 to 1.22 1.21 1.10 to 1.32

32 1.18 1.10 to 1.25 1.19 1.09 to 1.30

33 1.12 1.05 to 1.19 1.13 1.04 to 1.24

34 1.06 1.00 to 1.13 1.10 1.01 to 1.20

36 0.89 0.83 to 0.95 0.89 0.81 to 0.98

37 0.77 0.72 to 0.83 0.77 0.70 to 0.85

38 0.74 0.69 to 0.79 0.75 0.68 to 0.83

39 0.59 0.55 to 0.64 0.59 0.53 to 0.66

40–42 0.37 0.34 to 0.40 0.33 0.30 to 0.37

≥ 43 0.11 0.09 to 0.13 0.09 0.07 to 0.13

Number of embryos created

1 0.50 0.43 to 0.58 0.50 0.41 to 0.61

2 0.54 0.51 to 0.58 0.57 0.52 to 0.63

3 0.70 0.65 to 0.74 0.74 0.68 to 0.80

4 0.81 0.76 to 0.86 0.79 0.73 to 0.85

5 0.90 0.85 to 0.96 0.91 0.84 to 0.99

7 1.01 0.95 to 1.08 1.07 0.98 to 1.17

8 1.12 1.05 to 1.19 1.13 1.04 to 1.23

9 1.09 1.02 to 1.17 1.15 1.05 to 1.25

10 1.18 1.10 to 1.27 1.19 1.08 to 1.31

11–12 1.19 1.11 to 1.26 1.19 1.09 to 1.30

13–16 1.22 1.15 to 1.30 1.23 1.12 to 1.34

≥ 17 1.18 1.08 to 1.29 1.11 0.98 to 1.24

ICSI 0.96 0.92 to 0.99 0.94 0.89 to 0.99

Previous history

Previous pregnancy 1.02 0.99 to 1.06 1.06 1.01 to 1.12

Previous live birth 1.38 1.32 to 1.44 1.25 1.17 to 1.34

Two or more previous live births 1.29 1.18 to 1.40 1.25 1.12 to 1.40

Duration of infertility (years)

0–1 1.19 1.12 to 1.26 1.19 1.09 to 1.29

2 1.09 1.04 to 1.15 1.12 1.05 to 1.20

3 1.05 1.00 to 1.10 1.08 1.01 to 1.15

5 0.95 0.90 to 1.01 0.99 0.92 to 1.07

6 0.92 0.87 to 0.98 0.97 0.89 to 1.05

7 0.89 0.83 to 0.96 0.92 0.83 to 1.01

8 0.88 0.81 to 0.95 0.94 0.85 to 1.05

9 0.89 0.81 to 0.97 0.89 0.78 to 1.01

10–11 0.87 0.81 to 0.94 0.90 0.82 to 1.00

≥ 12 0.82 0.77 to 0.88 0.87 0.79 to 0.95
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transfers. The third characteristic that showed a 
difference between fresh and frozen transfers was 
the attempt number. The effect of attempt number 
was attenuated in frozen cycles compared with 
fresh. Attempt number contains a mixture of fresh 
and frozen transfers. Many clinics and patients do 
not undertake frozen transfers, so the population of 
patients who have these will differ from those who 
do not. Additionally, as the success rate of frozen 
transfers is low, patients who have these will have 
a larger number of failed transfers. These biases 
are likely to be sufficient to explain the differential 
effect of attempt number seen here.

The interaction effects are all small in nature 
and, while potentially of interest mechanistically, 

probably reflect issues in the data structure and are 
of little practical significance.

Implications for eSET

Figure 13 compares the predicted twin rates and 
LBE rates derived from the two LR models. 
The twin rate is highly correlated with the LBE 
rate, with no evidence of subsets of patients with 
particularly high or low twin rates given their 
overall prognosis. Patients with a poor prognosis 
produce relatively fewer twins if successful, while 
patients with a good prognosis are at high risk of 
twin outcomes if given DET.

TABLE 25  Interactions between clinical variables’ use of cryopreservation (fresh or frozen embryo transfer)

Interaction term Model AIC Interaction df LRT p-value

None 146,291

Age group 146,243 13 < 0.0001

Number transferred 146,234 2 0.0001

Attempt number 146,226 5 0.003

df, degrees of freedom.

Variable All cycles [OR (95% CI)] First cycles only [OR (95% CI)]

Cause of infertility

Tubal diagnosis 0.81 0.78 to 0.85 0.78 0.73 to 0.83

Diagnosis of PCOS 1.04 1.00 to 1.09 1.04 0.98 to 1.11

Endometriosis 1.00 0.94 to 1.06 1.02 0.94 to 1.10

Idiopathic diagnosis 1.05 1.00 to 1.11 1.06 0.99 to 1.14

Male factor diagnosis 1.10 1.05 to 1.15 1.08 1.01 to 1.16

Donor sperm 1.34 1.22 to 1.48 1.33 1.16 to 1.53

Day of transfer

3 1.00 0.97 to 1.03 1.01 0.96 to 1.05

< 2 0.93 0.82 to 1.07 0.88 0.73 to 1.06

> 3 1.52 1.43 to 1.63 1.61 1.45 to 1.79

Year

2004 0.92 0.88 to 0.96 0.91 0.86 to 0.97

2003 0.92 0.88 to 0.97 0.91 0.86 to 0.97

2002 0.91 0.87 to 0.95 0.90 0.84 to 0.96

2001 0.82 0.78 to 0.86 0.82 0.76 to 0.87

2000 0.81 0.77 to 0.85 0.81 0.75 to 0.86

TABLE 24  Comparison of LR model including all cycles (119,930 transfers as in Table 18) and a model including only the first cycles 
(58,952 transfers) (continued)
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TABLE 26  LR model for LBEs from frozen cycles in the HFEA dataset (19,918 transfers)

Variablea

Fixed effects only Including REs

β SE pb OR 95% CI β SE

Intercept –1.54 0.14 0.21 0.16 to 0.28 –1.57 0.15

Number of embryos transferred < 0.001

1 –0.74 0.12 0.48 0.38 to 0.60 –0.75 0.12

3 0.08 0.07 1.09 0.94 to 1.24 0.07 0.07

Age (years) < 0.001

≤ 26 0.04 0.12 1.05 0.82 to 1.32 0.06 0.12

27–29 0.13 0.09 1.14 0.95 to 1.36 0.14 0.09

30 0.18 0.10 1.20 0.98 to 1.46 0.20 0.10

31 0.09 0.10 1.10 0.90 to 1.33 0.10 0.10

32 0.17 0.10 1.19 0.97 to 1.44 0.17 0.10

33 0.20 0.09 1.22 1.02 to 1.46 0.21 0.09

34 0.05 0.09 1.05 0.88 to 1.25 0.05 0.09

36 –0.02 0.09 0.98 0.82 to 1.17 –0.01 0.09

37 0.03 0.09 1.03 0.86 to 1.23 0.03 0.10

38 –0.25 0.10 0.78 0.64 to 0.95 –0.25 0.11

39 –0.21 0.11 0.81 0.65 to 1.01 –0.21 0.11

40–42 –0.45 0.10 0.64 0.52 to 0.78 –0.46 0.10

≥ 43 –1.16 0.20 0.31 0.21 to 0.46 –1.17 0.20

Number of embryos thawed and viable < 0.001

1 0.04 0.14 1.04 0.79 to 1.37 0.04 0.14

3 0.19 0.05 1.21 1.10 to 1.33 0.18 0.06

4 0.24 0.06 1.27 1.13 to 1.43 0.22 0.07

5+ 0.46 0.06 1.59 1.41 to 1.78 0.45 0.07

Cycle < 0.001

2nd 0.08 0.09 1.08 0.91 to 1.29 0.02 0.10

3rd –0.02 0.10 0.98 0.81 to 1.19 –0.08 0.10

4th 0.02 0.10 1.02 0.84 to 1.24 –0.04 0.11

5th –0.18 0.12 0.84 0.66 to 1.06 –0.25 0.12

≥ 6th –0.22 0.12 0.80 0.63 to 1.02 –0.28 0.13

ICSI –0.17 0.05 < 0.001 0.84 0.76 to 0.93 –0.15 0.06

Previous history < 0.001

Previous pregnancy –0.04 0.06 0.96 0.85 to 1.08 –0.05 0.06

Previous live birth 0.32 0.05 1.37 1.25 to 1.52 0.30 0.06

Two or more previous live births 0.28 0.11 1.32 1.07 to 1.64 0.26 0.11

Duration of infertility (years) < 0.001

0–1 0.19 0.08 1.20 1.03 to 1.41 0.19 0.08

2 0.01 0.08 1.01 0.86 to 1.18 0.00 0.08

3 0.02 0.07 1.02 0.89 to 1.17 0.01 0.08

5 –0.14 0.08 0.87 0.74 to 1.02 –0.14 0.09

6 –0.27 0.09 0.77 0.64 to 0.91 –0.26 0.10

7 –0.21 0.10 0.81 0.67 to 0.99 –0.20 0.10

8 –0.19 0.12 0.83 0.65 to 1.05 –0.18 0.12

9 –0.04 0.12 0.96 0.76 to 1.22 –0.02 0.13

10–11 –0.19 0.12 0.83 0.65 to 1.05 –0.17 0.12

≥ 12 –0.32 0.10 0.73 0.60 to 0.88 –0.31 0.10
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Discussion

This analysis of the national data is, as far as we 
are aware, the largest series of UK data analysed 
to date. The limitations of the data mean that any 
conclusions can only be tentative. In the context 
of this study the data and analysis serve largely to 
form a reference point and context for the more 
detailed analysis of the towardSET? collaborative 
data.

Limitations and caveats

The data do contain a large number of errors, and 
we must assume that there are many we cannot 
detect by simple consistency checks. There is no 
evidence that these errors are anything other 
than apparently random data entry errors, but 
we cannot rule out appreciable bias. In particular 
the measurement error will attenuate the effects 
of covariates. Attempt number is particularly 
problematic in this context, particularly with 
respect to frozen cycle attempt numbers, which 
appear to be incorrectly coded in some cycles (see 
Characteristics of the dataset). The lack of linkage 
of frozen cycles to their parent fresh cycle is a 
major limitation in the use of these data.

There are only a limited number of variables 
available, but these do include most of the relevant 

prognostic factors. The major exception to this is 
the lack of any measure of embryo quality, other 
than the number of embryos created.

The size of the dataset, with over 100,000 cycles 
and a large number of covariates, imposes limits 
on the computational feasibility of the analyses, 
particularly when we include random effects in the 
models. Due to these computational constraints 
and the limited linkage in the data, only simple 
correlation structures have been considered, and 
we cannot rule out more complex correlations as 
might, for example, be represented by random 
coefficient rather than random intercept models. 
Models can take many hours to run and, as such, 
preclude some of the computer-intensive methods 
that we might otherwise employ.

The data reflect the 2000–5 time period – the 
data that were available at the start of the project. 
Practice and success rates are continually improving 
and the absolute success rates may not apply to 
current patients; however, it is unlikely that for 
fresh cycles the differential between patients with 
different prognoses has changed appreciably in 
this time period. However, for frozen cycles there 
have been some additional changes in practice, so 
some caution is required in applying these results 
to current patients.

Variablea

Fixed effects only Including REs

β SE pb OR 95% CI β SE

Cause of infertility

Tubal diagnosis –0.23 0.06 < 0.001 0.79 0.71 to 0.89 –0.24 0.06

Diagnosis of PCOS –0.03 0.06 0.66 0.97 0.86 to 1.09 –0.04 0.06

Endometriosis 0.15 0.09 0.08 1.16 0.97 to 1.39 0.11 0.09

Idiopathic diagnosis 0.03 0.08 0.68 1.03 0.88 to 1.21 0.02 0.08

Male factor diagnosis 0.20 0.07 <0.001 1.22 1.06 to 1.40 0.18 0.07

Donor sperm 0.21 0.13 0.09 1.24 0.96 to 1.59 0.24 0.13

Year <0.001

2004 –0.16 0.06 0.85 0.76 to 0.96 –0.15 0.06

2003 –0.07 0.06 0.93 0.83 to 1.05 –0.06 0.06

2002 –0.22 0.06 0.80 0.71 to 0.90 –0.22 0.07

2001 –0.28 0.07 0.75 0.66 to 0.87 –0.25 0.07

2000 –0.26 0.09 0.77 0.65 to 0.92 –0.24 0.09

a	 All effects are relative to the reference levels indicated in Table 17 and omitted from this table.
b	 p-value is likelihood ratio test for a given variable when removed from the full model.

TABLE 26  LR model for LBEs from frozen cycles in the HFEA dataset (19,918 transfers) (continued)
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Impact of cryopreservation
The outcomes from frozen transfers in this dataset 
were generally poor compared with current 
best practice, and many centres performed few 
or no such treatments. Thus, it is very likely 
that the results here provide a lower bound on 
the success rates that can be achieved with best 
current practice. The odds ratio for frozen versus 
fresh transfers of 0.6 reflects a significant loss in 
viability due to the freezing and thawing processes, 
although of course selection effects will contribute 
to this loss. Although there are caveats around 
the quality of the cryopreservation techniques, 

there was no evidence of any substantive influence 
of patient factors on the loss in success due to 
freezing.

Conclusions

The analyses presented here refer to individual 
embryo transfer procedures, the data not allowing 
any meaningful analyses of cumulative outcome 
beyond the estimation of simple intercycle 
correlations. We can however demonstrate that 
there are correlations between outcomes from 
repeat cycles from the same couples; although 

FIGURE 12  Fitted success (LBE) rates for fresh and frozen transfers in the HFEA dataset. Fresh transfers (left); frozen transfers 
(right).
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these effects do not materially affect estimates of 
the influence of covariates, they will be important 
in predicting more relevant outcomes that span 
multiple transfers across a treatment course. These 
effects may reflect unmeasured (or inaccurately 
measured) prognostic factors.

The results for prognostic factors are consistent 
with other studies, but are estimated here with 
greater precision due to the large cohort. These 
factors are similar for live birth outcomes and 
twin outcomes, with no factors or combinations 
of factors being identified that specifically predict 
twin outcomes.

The data on frozen cycles is of poorer quality but 
does suggest that predictors of success are similar 
to those in fresh cycles.

Summary

The statistical analysis of the national dataset 
revealed no characteristics that specifically 
predicted multiple birth outcomes beyond those 
that predicted treatment success. A number of 
prognostic factors were confirmed, with age and 
the number of embryos created being the major 
predictors. The limited data on the transfer of 
frozen embryos suggests that the prognostic factors 
behave similarly for these cycles.
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FIGURE 13  Predicted twin rates versus live birth rates in fresh DET from the LR models in the HFEA dataset. For clarity only a 
random sample of 3000 points is shown.
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Chapter 4  
The towardSET? collaborative data

Centres provided either reports from the 
databases or raw database tables. Any identifying 
information was removed by local centre staff and 
the database/report files transferred electronically 
to Manchester, where they were assembled into a 
common format as detailed below.

Data selection

Cycles were included if they met all the following 
inclusion criteria:

•	 treatment type: ICSI or IVF
•	 cycles with one, two, or three embryos 

transferred
•	 age 19–54
•	 patient’s own eggs
•	 date started trying or last pregnant after 1980.

Cycles were excluded if they met any of the 
following exclusion criteria:

•	 donor eggs
•	 frozen/thawed eggs
•	 natural or HRT induction.

Additionally we defined a core set of covariates, 
and cycles were excluded if any of these variables 
were missing:

•	 embryo cell number and grade
•	 age
•	 number of previous attempts
•	 number of previous pregnancies and live births
•	 diagnosis
•	 duration of infertility
•	 number of eggs collected in fresh cycles
•	 number of embryos created in fresh cycles or 

thawed in frozen cycles
•	 transfer day (for fresh cycles)
•	 treatment centre
•	 year of treatment.

*Data cleaning

*Patient history
The acusys database holds only a single set of 
records for patient history, which are updated each 
time the patient presents for treatment. Thus it 

Introduction

This chapter describes the development of 
predictive models for the data collated from five 
centres as part of the towardSET? collaboration. 
First the data collation is described, then models 
are developed using both the LR and EU 
modelling approaches, allowing where appropriate 
and possible for correlations between transfers 
in the same individuals. The two resultant sets of 
models are presented and the roles of the various 
prognostic factors are explored. The models are 
then extended to look at the effects of embryo 
cryopreservation. Finally, a number of validation 
analyses are performed to ascertain the validity and 
uncertainty in the EU model which will be used in 
later simulation studies (Chapter 5).

Data extraction and cleaning

Data were extracted from the clinic databases in 
five UK assisted conception units for the 2000–5 
period. The time period was chosen so that live 
birth outcomes were available at the time the 
project commenced. Cycles using donor eggs or 
sperm were excluded, the only other exclusions 
being for atypical treatments or patients. 23,582 
cycles (17,857 fresh, 5725 frozen) from 11,767 
patients were available for analysis. The sections 
marked with an asterisk below give technical 
details of the extraction and data cleaning 
methodology: these sections are not essential 
to the understanding of the project outcomes, 
but are provided for readers interested in the 
methodology.

Data sources

Data were obtained from five centres (Table 27). 
Each centre has a database on to which details of 
every assisted conception treatment are entered, 
and these data are used as the basis for statutory 
returns to the HFEA as well as for internal 
monitoring, audit and, in some cases, costing. 
Data were requested from 2000 to 2005, this 
representing a 5-year cohort with full pregnancy 
outcome at the start of the project.
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is necessary to ‘unwind’ the history to obtain the 
values that appertained for earlier cycles in the 
database. For one centre this was done manually (in 
itself potentially error prone), while for the other 
two sites a computer algorithm was used. Table 28 
shows the concordance (exact agreement) between 
the manually and algorithmically corrected data for 
the manually corrected centre, indicating that this 
procedure was reasonably successful.

*Zero/null entries
For a number of variables there was ambiguity in 
that variables were recorded as zero or null and 

these entries could be interpreted as either zero 
or missing. For sperm quality measures these were 
assumed to be zero, if single values were zero, but 
to be missing if the whole set of measurements on 
a given sample were zero. Variables relating to time 
periods, height and weight, drug doses, hormone 
levels and embryo grading were assumed to be 
missing if recorded as zero.

*Previous treatments, duration of 
infertility, gravida, parity and diagnosis
The datasets from Liverpool and Sheffield were 
abstracted from the ideas database, and attempt 

TABLE 28  Concordance between the uncorrected manually corrected and algorithmically corrected patient history measures

Variable

% Agreement

Uncorrected vs manual Manual vs algorithm

Gravida 65 86

Parity 73 91

Primary infertility (female) 78 90

Primary infertility (male) 76 90

Primary infertility (couple) 73 90

Male previous pregnancies 65 85

TABLE 27  Numbers of cycles and couples in the towardSET? analysis dataset

Site
Database 
system

Type of embryo 
transfer

Cycles with embryo 
transfer before clean-up

Cycles with embryo 
transfer after clean-upa

Clarendon Wing, Leeds 
General Infirmary

acusys All 6828 6799

Fresh 5660 5632

Frozen 1168 1167

Hewitt Centre for 
Reproductive Medicine, 
Liverpool Women’s 
Hospital

ideas All 4639 2257

Fresh 3497 2257

Frozenb 1142 0

Manchester Fertility 
Services

acusys All 2296 2291

Fresh 1641 1636

Frozen 655 655

St Mary’s Hospital, 
Manchester

acusys All 4222 4200

Fresh 2433 2413

Frozen 1789 1787

Centre for Reproductive 
Medicine and Fertility 
(Jessop Wing), Sheffield

ideas All 1388 549

Fresh 1142 549

Frozenb 246 0

All – All 19,373 16,096

Fresh 14,373 12,487

Frozen 5000 3609

a	 This is the number of cycles available after data cleaning (see below) and removing missing values from the core 
variables defined in the previous section.

b	 No frozen cases are available for analysis for these sites as the number of embryos thawed and viable was not recorded.
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number, duration of infertility (for Liverpool), 
diagnosis (for Sheffield) and pregnancy/birth 
history were either incomplete or not available 
from the supplied data. Data for the same period, 
originally derived from the same source, were 
available in the HFEA database, and similar 
variables were available in that dataset, although 
both datasets were anonymised and so could not 
be directly matched. By matching the two datasets 
on egg collection date, age and number of eggs 
available it was possible to identify the cycles in 
91% of fresh cycles for Liverpool and 78% of 
fresh cycles for Sheffield, and therefore infer the 
values of these parameters for the majority of 
cycles (although some variables such as duration 
of infertility were incomplete in the HFEA data 
also). It should be noted that for the three sites 
where this data was available in both the HFEA 
dataset and the raw data supplied by the sites, the 
accuracy in matching for attempt number was 93% 
for an exact match and 98% for a match within 
one attempt. Considering that attempt number 
itself for these sites had to be redefined to match 
the HFEA definition of total fresh and frozen 
cycles with or without transfer, and this match was 
obtained for over 95% of all cycles for these three 
sites, we can be reasonably confident in the data 
obtained using this procedure.

*Normalisation of embryo 
grading across sites

All sites nominally used similar embryo grading 
criteria, modified from Steer et al.117 (although 
the labelling was reversed in some sites relative 
to the others – here we adopt the convention 
that increasing score implies increasing quality). 
However, preliminary exploratory analysis 
suggested that the grading schemes were not 
consistent between the sites: the proportions given 
each grade differed substantially between sites, and 
preliminary models incorporating grade showed a 
significant grade by site interaction. We therefore 
normalised the grades: we based the normalisation 
on an assumption that the underlying embryo 

grade distribution was the same across sites 
and computed a site-specific score for each site 
to maintain this condition. This normalisation 
method was justified post hoc by the lack of site by 
grade interaction in the fitted models.

Embryo cell number (stage) was transformed to 
log2(cells)/(days in culture), using the recorded time 
in culture. Where culture time was unavailable, a 
mean value, given the transfer day, was used. Thus 
we represent embryo growth by the number of 
cell doublings per day, allowing day 2 and day 3 
embryos to be assessed on the same scale.

The analysis datasets

The dataset as obtained contained 19,373 embryo 
transfers, 14,373 fresh and 5000 frozen from five 
centres as shown in Table 27. After cleaning the 
total number of cycles available for analysis was 
16,096: 12,487 fresh and 3609 frozen, from 9040 
couples (Table 29).

Variables included in the 
models
The variables for inclusion in the model were 
pre-selected on the basis of previous knowledge 
(see Chapter 1, Informal review of the relevant 
literature) and the data available and are listed 
in Table 30 along with the chosen representation 
(categories or splines). Cervical diagnosis was 
not considered as there were so few observations 
with this diagnosis. After normalisation the grade 
variable has a distribution that clusters around the 
original values. In order to capture the underlying 
continuum and so as not to overfit the data, a 
smooth curve was fitted (based on a cubic spline 
representation with three degrees of freedom) 
representing the underlying four-point scale. A 
similar representation was used for the cell number 
(doublings). These choices was justified post hoc, 
as increasing the spline degrees of freedom did not 
improve the fit as assessed by the AIC.

TABLE 29  Data available for analysis in the towardSET? dataset

Couples Cycles
Cycles with one embryo 
transfer, no. (%)

Cycles with two embryo 
transfers, no. (%)

Cycles with three 
embryo transfers, no. (%)

All 9040 16,096 2472 (15.4) 12,644 (78.6) 980 (6.1)

Fresh 8775 12,487 1330 (10.7) 10,418 (83.4) 739 (5.9)

Frozen 2088 3609 1142 (31.6) 2226 (61.7) 241 (6.7)
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Given the issues in recording of patient histories 
and having to match cycles with those in the HFEA 
data, rather than including separate variables 
representing whether a patient had previous 
pregnancies or live births, a simplified variable 
denoted as ‘birth history’ was defined with four 
levels, namely never pregnant, previously pregnant, 
one previous live birth and more than one previous 
live birth.

In presenting the models the data are referred to 
a reference category indicated in bold text in the 
second column of Table 30. In general the reference 
categories represent medial or modal values.

Characteristics of the 
dataset
Table 31 summarises the characteristics of the 
16,096 cycles from 9040 patients in the dataset, 
while Table 32 summarises the outcomes on a per-
embryo-transfer basis. The characteristics, success 

and twin rates are similar to the national cohort, 
other than there being fewer day 3 transfers and 
transfers with three embryos transferred. Thus, 
we concluded that this cohort is a representative 
sample of UK IVF treatment during the study 
period.

Logistic regression models

We present models for LBE outcomes and multiple 
births in those with an LBE. As, in this context, 
multiple births are only relevant in those having 
multiple embryos transferred, and as UK policy 
allows more than two embryos only in exceptional 
cases, the multiple birth models are developed in 
those patients receiving DET only. A comparable 
LBE model is derived for the DET patients for 
comparison. All the variables in Table 30 were 
included in the model, regardless of statistical 
significance. Following previous work1 we included 
the mean values of embryo growth rate and grade 
of the transferred embryos. Centre differences were 

TABLE 30  Variables included in the LR and EU models for the towardSET? collaborative dataset

Parameter Categoriesa Comments

Numbers of embryos 
transferred

1, 2 or 3 This is included to allow for the possibility that the clinical 
decision might select different patient populations

Age ≤ 26, 27–29, 30–31, 32–33, 34–
35, 36–37, 38–39, 40–42, ≥ 43

Well-documented predictor (see Chapter 1, Informal 
review of the relevant literature)

Number of embryos 
created

1, 2, 3, 4, 5, 6, 7–8, 9–12, ≥ 13 Well-documented predictor (see Chapter 1, Informal 
review of the relevant literature)

Treatment attempt 1st, 2nd, 3rd, > 3rd Well-documented predictor (see Chapter 1, Informal 
review of the relevant literature). Following the HFEA 
data, attempt is defined as total previous fresh and frozen 
cycles with or without transfer

IVF or ICSI IVF, ICSI

Total previous 
pregnancies/births

0 previous pregnancies, 
previously pregnant, 1 live birth, 
≥ 2 live births

Years infertile 0–2, 3, 4, 5, 6, 7–8, ≥9

Tubal diagnosis No, yes Previous studies are conflicting in the role of diagnosis 
(see Chapter 1, Informal review of the relevant literature). 
It was decided to include diagnosis as a set covering the 
main recorded diagnoses

Diagnosis of PCOS No, yes

Endometriosis No, yes

Male factor diagnosis No, yes

Idiopathic diagnosis No, yes

Donor sperm No, yes

Day of transfer 2, 3

Year 2001, 2002, 2003, 2004, 2005 Trends over time are expected

Centre 1, 2, 3, 4, 5

Embryo growth rate Spline Fitted as a cubic spline with 3 df

Embryo grade Spline Fitted as a cubic spline with 3 df

df, degrees of freedom.
a	 Reference level shown in bold.
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included as a specific fixed effect. A random effect 
for couple was included to allow for correlations 
between successive transfers from the same 
patients.

After fitting a model with all parameters entered 
as main effects, all two-way interactions between 
number transferred, age, previous cycles, embryos 
created, site, stage and grade were considered. No 
such interactions reached statistical significance so 
a model with main effects only was adopted.

For each model we present first a table giving 
the raw coefficients, odds ratios and their 95% 
confidence interval. The sizes of the random effects 
are presented in terms of their standard deviations 
(SD), which is a measure on the same scale as the 
parameter estimates and gives some idea as to how 
important the differences between patients are. 
Plots are then shown as described in Chapter 1, 
Statistical modelling approaches.

TABLE 31  Patient characteristics of the towardSET? collaborative dataset

Parameter Categories Fresh cycles Frozen cycles

Number of embryo transfers 12,487 3609

Number of patients 8775 2088

Numbers of embryos transferred 1 1330 (11%) 1142 (32%)

2 10,418 (83%) 2226 (62%)

3 739 (6%) 241 (7%)

Age Mean (SD) [range] 33.8 (4.2) [19–47] 33.8 (4.1) [19–47]

Number of embryos created/recovered Mean (SD) [range] 6 (3.7) [1–26] 2.9 (1.5) [1–21]

Treatment attempt 1st 6797 (54%) 0

2nd 2904 (23%) 1399 (39%)

3rd 1426 (11%) 945 (26%)

> 3rd 1360 (12%) 1265 (35%)

IVF or ICSI IVF 6470 (52%) 2188 (61%)

ICSI 6017 (48%) 1421 (39%)

Total previous pregnancies/births No previous pregnancies 6788 (54%) 1556 (43%)

Previously pregnant 3481 (28%) 1259 (35%)

1 previous live birth 1769 (14%) 675 (19%)

≥ 2 previous live births 449 (4%) 119 (3%)

Years infertile Mean (SD) [range] 5.2 (3.5) [0–24] 5.1 (3.6) [0–21]

Tubal diagnosis Yes 3133 (25%) 1203 (33%)

Diagnosis of PCOS Yes 1298 (10%) 512 (14%)

Endometriosis Yes 1144 (9%) 284 (8%)

Male factor diagnosis Yes 4667 (37%) 1158 (32%)

Idiopathic diagnosis Yes 3348 (27%) 849 (24%)

Donor sperm Yes 354 (3%) 117 (3%)

Day of transfer 2 11,671 (93%) NA

3 816 (7%) NA

Year 2000 1494 (12%) 220 (6%)

2001 1682 (13%) 465 (13%)

2002 2307 (18%) 577 (16%)

2003 2208 (18%) 670 (19%)

2004 2472 (20%) 812 (22%)

2005 2324 (19%) 865 (24%)

Embryo growth rate Mean (SD) [range] 1 (0.2) [0–2.5] NA

Embryo grade Mean (SD) [range] 3.2 (0.5) [1–4] 3 (0.6) [1–4]

Transfers per couple 1 6086 (69%) 1223 (59%)

2 1935 (22%) 497 (24%)

> 2 754 (9%) 368 (17%)
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TABLE 32  Outcomes for data in the towardSET? analysis dataset

Cycle
Embryos 
transferred

No live births 
(%) 1 live birth (%) ≥ 2 live births (%) LBEs (%) Twin ratea

All 1 2247 (91%) 221 (9%) 4 (0%) 225 (9%) 2%

2 9774 (77%) 2177 (17%) 693 (6%) 2870 (23%) 24%

3 791 (81%) 138 (14%) 51 (5%) 189 (19%) 27%

Fresh 1 1195 (90%) 133 (10%) 2 (0%) 135 (10%) 1%

2 7898 (76%) 1874 (18%) 646 (6%) 2520 (24%) 26%

3 587 (79%) 107 (14%) 45 (7%) 152 (21%) 30%

Frozen 1 1052 (92%) 88 (8%) 2 (0%) 90 (8%) 2%

2 1876 (84%) 303 (14%) 47 (2%) 350 (16%) 13%

3 204 (85%) 31 (13%) 6 (2%) 37 (15%) 16%

a	 Number of multiple live births per LBE.

TABLE 33  LR model for LBE from fresh cycles in the full towardSET? dataset (12,487 transfers)

Variablea

Fixed effects only Including couple REs

β SE pb OR 95%CI β SE

Intercept –3.88 0.95 –3.98 0.98

Number of embryos transferred < 0.001

1 –0.39 0.15 0.68 0.50 to 0.91 –0.41 0.15

3 0.27 0.11 1.30 1.06 to 1.63 0.28 0.11

Age (years) < 0.001

≤ 26 0.14 0.11 1.15 0.93 to 1.43 0.14 0.11

27–29 0.15 0.08 1.16 0.99 to 1.36 0.15 0.09

30–31 0.24 0.08 1.28 1.09 to 1.49 0.25 0.08

32–33 0.14 0.07 1.15 1.00 to 1.32 0.15 0.08

36–37 –0.18 0.08 0.84 0.71 to 0.98 –0.19 0.08

38–39 –0.34 0.09 0.71 0.60 to 0.85 –0.36 0.09

40–42 –1.01 0.13 0.36 0.28 to 0.47 –1.06 0.14

≥ 43 –2.09 0.42 0.12 0.05 to 0.28 –2.17 0.43

Number of embryos created < 0.001

1 –0.46 0.20 0.63 0.43 to 0.93 –0.48 0.21

2 –0.19 0.11 0.83 0.67 to 1.03 –0.20 0.11

3 –0.16 0.10 0.85 0.70 to 1.04 –0.17 0.10

4 –0.10 0.09 0.91 0.76 to 1.08 –0.11 0.10

5 0.00 0.09 1.00 0.84 to 1.19 0.00 0.10

7–8 0.08 0.09 1.08 0.91 to 1.29 0.08 0.09

9–12 0.14 0.08 1.15 0.98 to 1.35 0.15 0.09

≥ 13 0.19 0.10 1.21 0.99 to 1.47 0.20 0.11

Cycle < 0.001

2nd –0.15 0.06 0.86 0.77 to 0.97 –0.13 0.06

3rd –0.14 0.08 0.87 0.74 to 1.02 –0.09 0.08

≥ 4th –0.25 0.08 0.78 0.67 to 0.91 –0.18 0.10

ICSI –0.05 0.06 0.40 0.95 0.85 to 1.07 –0.06 0.07

Previous history < 0.001

Previous pregnancy –0.06 0.06 0.94 0.84 to 1.06 –0.06 0.06

Previous live birth 0.19 0.07 1.21 1.05 to 1.39 0.18 0.07

Two or more previous live births 0.20 0.13 1.22 0.95 to 1.58 0.19 0.13
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Variablea

Fixed effects only Including couple REs

β SE pb OR 95%CI β SE

Duration of infertility (years) < 0.001

0–2 0.19 0.08 1.21 1.03 to 1.41 0.21 0.08

3 0.03 0.08 1.03 0.88 to 1.21 0.03 0.08

5 –0.08 0.08 0.92 0.79 to 1.08 –0.08 0.09

6 –0.05 0.09 0.95 0.80 to 1.13 –0.05 0.10

7–8 –0.13 0.09 0.88 0.74 to 1.05 –0.14 0.09

≥ 9 –0.10 0.09 0.90 0.76 to 1.08 –0.11 0.09

Cause of infertility

Tubal diagnosis –0.22 0.08 < 0.001 0.80 0.69 to 0.94 –0.24 0.08

Diagnosis of PCOS 0.04 0.08 0.66 1.04 0.89 to 1.22 0.03 0.09

Endometriosis 0.18 0.08 0.03 1.20 1.02 to 1.40 0.19 0.09

Idiopathic diagnosis 0.01 0.09 0.94 1.01 0.85 to 1.20 0.00 0.09

Male factor diagnosis 0.10 0.08 0.22 1.11 0.94 to 1.29 0.10 0.09

Donor sperm 0.17 0.14 0.25 1.18 0.90 to 1.56 0.17 0.15

Day 3 transfer –0.22 0.12 0.05 0.80 0.63 to 1.02 –0.23 0.12

Year < 0.001

2004 0.02 0.07 1.02 0.89 to 1.17 0.02 0.08

2003 0.05 0.08 1.05 0.90 to 1.23 0.05 0.08

2002 –0.08 0.08 0.92 0.79 to 1.08 –0.09 0.08

2001 0.25 0.08 1.29 1.1 to 1.5 0.26 0.09

2000 0.10 0.09 1.10 0.93 to 1.32 0.08 0.09

Centre < 0.001

2 –0.16 0.07 0.85 0.74 to 0.98 –0.19 0.08

3 –0.04 0.07 0.96 0.84 to 1.10 –0.05 0.08

4 –0.20 0.07 0.82 0.71 to 0.94 –0.22 0.08

5 0.26 0.13 1.30 1.01 to 1.67 0.26 0.14

Stage (3 df for spline) See Figure 14 < 0.001 See Figure 14

Grade (3 df for spline) See Figure 14 < 0.001 See Figure 14

a	 All effects are relative to the reference levels indicated in Table 30 and omitted from this table.
b	 p-value is LRT for a given variable when removed from the full model.

TABLE 33  LR model for LBE from fresh cycles in the full towardSET? dataset (12,487 transfers) (continued)
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FIGURE 14  Spline functions for embryo growth rate and grade in the LR model for the full towardSET? dataset. Grade is shown 
on the normalised scale with 0 being poorest- and 1 best-quality embryos; the vertical lines indicate the mean normalised grade for 
embryos graded 1:4 as indicated. Note: in the left-hand panel the curve without REs is obscured behind that with REs.
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FIGURE 15  LBE probabilities from LR model for principal variables.
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Logistic regression models for 
success (all data)
Table 33 shows the coefficients for the LR model for 
successful treatment outcome from a single fresh 
cycle. The left-hand columns give the estimates for 
a fixed effect model – that is without any allowance 
for intercouple correlations – while the right-hand 
columns show the estimates for a model which 
includes a couple random effect. The parameter 
estimates are almost identical for the two models. 
The coefficients for the cubic spline functions are 
not shown as they have no ready interpretation, but 

plots of the stage and grade functions are shown in 
Figure 14. The patient random effect has a variance 
of 0.28 corresponding to a standard deviation of 
0.54 on the log-odds scale. The correspondence in 
parameter estimates of the fixed effect and random 
effect models suggests that the simpler fixed 
effect model would be adequate for prediction for 
individual cycles.

In Figure 15 we show the fitted LBE probabilities 
plotted against the major prognostic factors. As 
would be expected, age is the major predictor of 
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TABLE 34  LR model for LBE from fresh DET cycles in the full towardSET? dataset (10,418 transfers)

Variablea

Fixed effects only Including couple REs

β SE pb OR 95% CI β SE

Intercept –2.89 1.11 –2.99 1.14

Age (years) < 0.001

≤ 26 0.10 1.11 1.11 0.89 to 1.37 0.10 0.12

27–29 0.13 0.09 1.14 0.95 to 1.36 0.13 0.09

30–31 0.26 0.08 1.30 1.11 to 1.52 0.27 0.08

32–33 0.17 0.08 1.18 1.01 to 1.39 0.17 0.08

36–37 –0.17 0.08 0.84 0.72 to 0.99 –0.18 0.09

38–39 –0.27 0.10 0.76 0.63 to 0.93 –0.29 0.10

40–42 –0.96 0.15 0.38 0.29 to 0.51 –1.01 0.16

≥ 43 –1.50 0.47 0.22 0.09 to 0.56 –1.56 0.48

Number of embryos created < 0.001

2 –0.26 0.11 0.77 0.62 to 0.96 –0.27 0.12

3 –0.22 0.10 0.80 0.66 to 0.98 –0.23 0.11

4 –0.14 0.10 0.87 0.71 to 1.06 –0.15 0.10

continued

success, with an accelerating decline from around 
age 32 and very low success rates by age 43–45. 
The number of embryos created is a moderately 
strong predictor of success: here we note that for 
any given treatment (solid line in Figure 15) the 
success rate was lower if only small numbers of 
embryos were available, but the predicted rate 
across cycles (boxes) with low numbers of embryos 
was a lot lower. This reflects the fact that where 
there are small numbers of embryos to select from, 
the resultant quality of the transferred embryos is 
likely to be lower. Couples who have been infertile 
for a longer time are less likely to have a successful 
outcome, although this may in part reflect a patient 
selection effect as patients funded by the NHS will 
generally only be treated after a longer period of 
infertility compared with privately funded patients. 
There was a small decrease in success with later 
attempts, but it is important to note that the vast 
majority of later attempts will be from patients 
with previous failures, so patients having later 
cycles will be more likely to have a poor prognosis. 
Having had a previous successful pregnancy (but 
not an unsuccessful one) is associated with better 
outcomes. Diagnosis generally only had a small 
impact on success outcome, with a tubal diagnosis 
and endometriosis being the only ones that reach 
statistical significance. A tubal diagnosis led to a 
poorer prognosis (as seen in other studies such 
as Strandell et al.52), while endometriosis was 
associated with slightly better outcomes.

There were highly significant associations between 
treatment success and centre and year which are 
difficult to interpret. There was little evidence of a 
consistent improvement over time in this cohort. 
The differences between patients treated in the 
various centres is not explained by the covariates 
in the model, but may still reflect patient selection 
effects and not differences in treatment quality.

As noted by others,2,118,119 successful transfers 
are associated with embryo cell numbers close 
to one doubling per day and slow- and fast-
growing embryos both do poorly. Embryo grade 
is consistent with the need for one grade 3 or 4 
embryo to have a good chance of success. However 
embryo quality is hard to assess reliably in a model 
that requires the aggregation of the transferred 
embryos.

LR models for success and twins 
in DET

Here we consider only those patients who had DET. 
The fixed and random effect models for success 
had again almost identical parameter estimates 
(Table 34, Figure 16), and the estimate of the within-
patient standard deviation for LBE was 0.53.

Very few patients had more than one twin birth, so 
it was not possible to estimate a random effect for 
the twin model. The parameter estimates for twins, 
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Variablea

Fixed effects only Including couple REs

β SE pb OR 95% CI β SE

5 –0.02 0.10 0.98 0.81 to 1.19 –0.03 0.10

7–8 0.03 0.09 1.03 0.86 to 1.23 0.03 0.09

9–12 0.11 0.09 1.11 0.94 to 1.33 0.11 0.09

≥ 13 0.14 0.11 1.15 0.93 to 1.43 0.14 0.11

Cycle < 0.001

2nd –0.16 0.06 0.85 0.76 to 0.96 –0.14 0.06

3rd –0.20 0.08 0.82 0.70 to 0.96 –0.16 0.09

≥ 4th –0.27 0.09 0.76 0.64 to 0.91 –0.20 0.10

ICSI –0.04 0.06 0.54 0.96 0.85 to 1.08 –0.05 0.07

Previous history < 0.001

Previous pregnancy –0.10 0.06 0.90 0.80 to 1.02 –0.10 0.06

Previous live birth 0.18 0.07 1.19 1.04 to 1.37 0.17 0.08

Two or more previous live births 0.22 0.13 1.25 0.97 to 1.61 0.22 0.14

Duration of infertility (years) < 0.001

0–2 years 0.24 0.08 1.27 1.09 to 1.49 0.25 0.09

3 years 0.04 0.08 1.04 0.89 to 1.22 0.04 0.09

5 years –0.06 0.09 0.95 0.79 to 1.12 –0.05 0.09

6 years –0.07 0.10 0.93 0.77 to 1.13 –0.07 0.10

7–8 years –0.12 0.09 0.89 0.74 to 1.06 –0.12 0.10

≥ 9 years –0.08 0.09 0.92 0.77 to 1.10 –0.09 0.10

Cause of infertility

Tubal diagnosis –0.22 0.08 0.01 0.80 0.69 to 0.94 –0.24 0.09

Diagnosis of PCOS 0.03 0.09 0.75 1.03 0.86 to 1.23 0.02 0.09

Endometriosis 0.14 0.09 0.13 1.15 0.96 to 1.37 0.14 0.09

Idiopathic diagnosis 0.01 0.09 0.94 1.01 0.85 to 1.20 0.00 0.10

Male factor diagnosis 0.09 0.09 0.31 1.09 0.92 to 1.31 0.09 0.09

Donor sperm 0.16 0.15 0.29 1.18 0.87 to 1.57 0.17 0.16

Day 3 transfer –0.28 0.13 0.03 0.75 0.59 to 0.98 –0.30 0.14

Year < 0.001

2004 0.01 0.08 1.01 0.86 to 1.18 0.01 0.08

2003 0.08 0.08 1.08 0.93 to 1.27 0.08 0.08

2002 –0.07 0.08 0.94 0.80 to 1.09 –0.07 0.08

2001 0.27 0.09 1.31 1.10 to 1.56 0.28 0.09

2000 0.06 0.09 1.06 0.89 to 1.27 0.05 0.10

Centre < 0.001

2 –0.18 0.07 0.84 0.73 to 0.96 –0.20 0.08

3 –0.09 0.08 0.91 0.78 to 1.07 –0.11 0.08

4 –0.21 0.08 0.81 0.69 to 0.95 –0.24 0.08

5 0.31 0.14 1.37 1.04 to 1.79 0.31 0.15

Stage (3 df for spline) See Figure 16 < 0.001 See Figure 16

Grade (3 df for spline) See Figure 16 < 0.001 See Figure 16

a	 All effects are relative to the reference levels indicated in Table 30 and omitted from this table.
b	 p-value is LRT for a given variable when removed from the full model.

TABLE 34  LR model for LBE from fresh DET cycles in the full towardSET? dataset (10,418 transfers) (continued)
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FIGURE 16  Spline functions for embryo growth rate and grade in the LR model for DET. Grade is shown on the normalised scale with 
0 being poorest- and 1 best-quality embryos; the vertical lines indicate the mean normalised grade for embryos graded 1:4 as indicated. 
The arbitrary intercepts have been set to enable comparison between LBE and twin models.

O
dds ratio 

β gr
ow

th

β gr
ad

e

LBE with RE 
LBE no RE 
Twins 

Mean normalised grade Mean growth rate 
0.0 0.6 

1 2 3 4 

0.4 1.0 1.4 

1.5 

0.5 

–0.5 

–1.5 

0.0 

–0.5 

–1.0 

–1.5 

0.8 

5 

2 

1 

0.5 

O
dds ratio 

1 

0.5 

given an LBE, are shown in Table 35 and Figure 16. 
Figure 17 shows both the fitted models graphically 
according to patient characteristics, with Figure 18 
showing predictions as a function of the averaged 
embryo characteristics.

In general the relationships between twin rates and 
covariates are similar to those for live birth. There 
is no evidence that there are any patient subgroups 
(as defined by the available covariates) that are at 
a higher risk of twins beyond that due to a higher 

TABLE 35  Parameter estimates for twins given LBE for the fresh DET cycles in the towardSET dataset (based on 2520 successful 
transfers)

Variablea

Fixed effects only

β SE pb OR 95% CI

Intercept –3.76 1.81

Age (years) < 0.001

≤ 26 0.54 0.21 1.72 1.14 to 2.59

27–29 0.37 0.17 1.44 1.04 to 2.02

30–31 0.43 0.15 1.54 1.15 to 2.06

32–33 0.03 0.15 1.03 0.77 to 1.38

36–37 –0.04 0.17 0.96 0.69 to 1.34

38–39 –0.38 0.22 0.69 0.44 to 1.05

40–42 –0.82 0.45 0.44 0.18 to 1.06

≥ 43 0.09 1.14 1.09 0.12 to 10.22

Number of embryos created 0.04

2 –0.87 0.27 0.42 0.25 to 0.71

3 –0.14 0.21 0.87 0.58 to 1.31

4 –0.33 0.20 0.72 0.49 to 1.06

5 0.00 0.19 1.00 0.69 to 1.45

7–8 –0.22 0.17 0.80 0.58 to 1.12

9–12 –0.19 0.17 0.83 0.59 to 1.15

≥ 13 –0.09 0.20 0.92 0.62 to 1.35

Cycle 0.89

2nd –0.01 0.12 0.99 0.78 to 1.25

3rd 0.00 0.17 1.00 0.72 to 1.40

≥ 4th –0.15 0.19 0.86 0.59 to 1.25

continued
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Variablea

Fixed effects only

β SE pb OR 95% CI

ICSI –0.06 0.13 0.64 0.94 0.73 to 1.22

Previous history 0.82

Previous pregnancy 0.07 0.12 1.07 0.85 to 1.36

Previous live birth 0.08 0.14 1.08 0.82 to 1.43

Two or more previous live births –0.13 0.28 0.88 0.51 to 1.52

Duration of infertility (years) 0.71

0–2 0.12 0.16 1.13 0.82 to 1.54

3 0.03 0.17 1.03 0.74 to 1.44

5 0.19 0.18 1.21 0.85 to 1.72

6 0.28 0.19 1.32 0.91 to 1.92

7–8 0.04 0.19 1.04 0.72 to 1.51

≥ 9 –0.02 0.19 0.98 0.68 to 1.42

Cause of infertility

Tubal diagnosis –0.10 0.17 0.54 0.90 0.65 to 1.26

Diagnosis of PCOS –0.11 0.17 0.51 0.89 0.64 to 1.25

Endometriosis 0.00 0.18 0.99 1.00 0.70 to 1.42

Idiopathic diagnosis –0.02 0.19 0.90 0.98 0.68 to 1.42

Male factor diagnosis 0.09 0.18 0.61 1.09 0.77 to 1.56

Donor sperm –0.24 0.32 0.45 0.79 0.42 to 1.47

Day 3 transfer –0.27 0.27 0.32 0.76 0.45 to 1.30

Year 0.33

2004 –0.17 0.16 0.84 0.62 to 1.15

2003 –0.16 0.16 0.86 0.62 to 1.17

2002 –0.02 0.16 0.98 0.72 to 1.34

2001 0.11 0.17 1.12 0.80 to 1.56

2000 0.17 0.19 1.18 0.82 to 1.72

Centre 0.01

2 0.34 0.15 1.40 1.05 to 1.89

3 0.18 0.15 1.19 0.89 to 1.61

4 –0.24 0.16 0.79 0.57 to 1.08

5 0.47 0.29 1.60 0.91 to 2.82

Stage (3 df for spline) See Figure 16 0.02 See Figure 16

Grade (3 df for spline) See Figure 16 < 0.001 See Figure 16

a	 All effects are relative to the reference levels indicated in Table 30 and omitted from this table.
b	 p-value is LRT for a given variable when removed from the full model.

TABLE 35  Parameter estimates for twins given LBE for the fresh DET cycles in the towardSET dataset (based on 2520 successful 
transfers) (continued)

success rate. The exception to this is the centre 
effects which do show some heterogeneity, with 
centre 1 in particular having a lower twin rate and 
centre 2 a relatively higher twin rate than would be 
expected from the LBE rates (Figure 17). There is 
also an indication that those with previous births 
have a higher success rate but not a higher twin 
rate, but this may be an artefact of the relatively 
small numbers of such patients or patient selection 
effects due to differing policies between privately 
and publicly funded treatments.

*Random effects estimates from 
the mixed LR models

Here we were able to use the more accurate 
adaptive quadrature method to obtain the 
estimates of the patient random effects in contrast 
to the analysis of the HFEA data (see Chapter 
3, The logistic regression models). Table 36 
summarises the random effect estimates for the 
LR LBE model on the log-odds scale (i.e. the same 
scale as the parameter estimates, b). The random 
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FIGURE 17  Success and twin predicted probabilities for LR models in fresh DET transfers in the towardSET? dataset. Live births 
(left); twins per LBE (right).
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TABLE 36  towardSET? data: random effect estimates from the mixed logistic regression models

Dataset Number of transfers Number of patients
RE standard deviation (standard 
error of RE)

All cycles LBE 12,487 8775 0.54 (0.16)

DET cycles LBE 10,418 7661 0.53 (0.18)

FIGURE 18  LBE and twin rates from LR model in fresh DET transfers as a function of embryo growth rate and grade in the 
towardSET? dataset. Live births (left); twins per LBE (right).
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effect estimates the differences between individuals 
that are not accounted for by the known covariates, 
and the standard deviation approximately 
corresponds to a difference between the reference 
35-year-old and a patient in the 38- to 39-year-old 
group. The estimate is slightly lower if only DET 
cycles are included, which is consistent with this 
being a more homogeneous population.

*LR model validation

Figure 19 shows the fitted and predicted values (see 
Chapter 1, Statistical modelling approaches, for 
details) for the two most prognostic patient factors, 
showing a good fit to the data across all patients.

Table 37 gives AUC for the various LR models, 
a measure of the goodness of fit. The fits are 
reasonable, with the random effects increasing the 
AUC value. The towardSET? data give a slightly 
better fit than the HFEA data (after the inclusion 
of patient-level random effects), which we can 
attribute to the availability of embryo grade data. 
However, as would be expected, the models do 
not provide useful predictions for individuals, as 
opposed to population groups.

Table 38 gives the results of a bootstrap-based 
recalibration of the model, showing that the LBE 
models perform well but that the twins model may 
be overfitted and unreliable (we would desire the 
calibration slope to be much nearer 1).
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FIGURE 19  Fitted and observed outcomes for the LR model for the two most predictive variables. Live births (left); twins per LBE 
(right).

TABLE 37  towardSET? data: AUC for LR models without and with patient-level random effects

Dataset

AUC

Fixed effects only With REs

All cycles LBE 0.67 0.78

DET cycles LBE 0.65 0.77

DET cycles twins given LBE 0.64 NAa

a	 It was not reasonable to fit a random effect with this dataset and model.

TABLE 38  towardSET? data: bootstrap resampling of LR models

Dataset

Bootstraps (n = 100)

Calibration intercept Calibration slope AUC

All cycles LBE –0.09 0.92 0.67

DET cycles LBE –0.10 0.91 0.65

DET cycles twins given LBE –0.37 0.64 0.62
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LR modelling of the effect of 
frozen cycles
Here we consider statistical models that include 
the frozen transfers. We were able to match frozen 
cycles with the fresh cycle only where the embryos 
were created in three of the centres (see Chapter 
4, Data extraction and cleaning). There were 
therefore a total of 9681 fresh and 3609 frozen 
transfers available for this analysis. There were 

difficulties in developing models that include 
both the fresh and frozen cycles as the embryo 
morphological measurements were not recorded 
in a compatible way, and this led to a rather non-
intuitive parameterisation of the frozen effects.

As the exact time of transfer for frozen cycles 
is more difficult to define, embryo cell number 
data (as defined by growth rate in the fresh cycle 
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TABLE 39  Combined growth rate, cryopreservation and centre factor used to allow the inclusion of frozen cycles in the modelling of 
the towardSET? dataset

Fresh Frozen

Normal 
growtha Slow growth Fast growth Centre 1 Centre 3 Centre 4

Number of cycles 3096 3373 3212 1167 655 1787

a	 Reference category.

TABLE 40  Fitted parameters for combined freezing variable for the LR model in the towardSET? dataset

Variable

Fixed effects only Including egg-retrieval REs

β SE pb OR 95% CI β SE

Fresh cycle, ‘normal’ growtha 0 < 0.001 1 – 0 –

Fresh cycle, ‘fast’ growth –0.10 0.06 0.9 0.80 to 1.02 –0.11 0.06

Fresh cycle, ‘slow’ growth –0.59 0.07 0.56 0.48 to 0.64 –0.63 0.08

Frozen cycle, Centre 1 –0.79 0.10 0.46 0.37 to 0.55 –0.77 0.11

Frozen cycle, Centre 3 –0.79 0.15 0.45 0.34 to 0.61 –0.75 0.16

Frozen cycle, Centre 4 –0.49 0.11 0.61 0.49 to 0.76 –0.45 0.12

a	 Reference category.
b	 LRT.

analysis) was not a feasible variable to include in 
this analysis, and in any case time of transfer was 
not available for these data. We therefore defined 
mean growth rate as being ‘slow’, ‘normal’ or 
‘fast’ for fresh cycles (based on the 33rd and 66th 
percentiles of growth rate, defining a ‘slow’ growth 
rate as less and 0.99 and ‘fast’ as greater than 1.07). 
Cell number was also not recorded for the frozen 
data, and, in any event, it is difficult to include 
without detailed data on the time in culture both 
before and after cryopreservation. Preliminary 
exploration indicated that the decrement due 
to freezing may differ between centres. To avoid 
identifiability problems while including an 
interaction between site and fresh and frozen 
cycles, a new factor was created with six levels as 
shown in Table 39.

This combined variable was added to those 
included in the LR model for fresh cycles, 
replacing the cell growth spline function, and fitted 
to the full (fresh and frozen) dataset. As centre is 
also in the model as a variable in itself (not shown 
here), the new variable shown in Table 39 provides 
an interaction test for frozen cycles and site.

The data contains 10,071 egg collections for 6926 
patients. Ideally we would have fitted the model 
with a nested random effect for egg collection 

within patient. However this proved to be 
computationally impossible: the average number 
of egg collections per patient was approximately 
1.1. Thus, we included just a single random effect 
for egg retrieval. Including this random effect led 
to virtually identical parameter estimates (Table 
40). The estimate of the standard deviation of the 
random effect was 0.64, which is slightly larger 
than that estimated between repeat cycles from the 
same individuals.

The parameter estimates for this combined growth/
freezing variable are shown in Table 40. The other 
parameters are comparable in terms of direction 
and magnitude to those of the fresh model, so are 
not shown.

For each site, frozen cycles performed significantly 
poorer than fresh cycles – their success rate being 
in the region of half that of fresh cycles with 
‘normal’ growing embryos – with odds ratios for 
LBEs of 0.45 to 0.61.

Predictive models using the 
EU approach
In this section we describe the development of a 
predictive model using the EU framework (see 
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Chapter 1, Statistical modelling approaches), 
whereby we explicitly model the outcomes in 
terms of embryo viability and maternal receptivity, 
and can explicitly include the individual embryo 
measurements. These models allow, under 
assumptions about the model applicability, 
predictions to be made for outcomes when 
different numbers of embryos are transferred 
and thus allow the ‘what if ’ questions to be asked, 
specifically the question ‘What would the outcomes 
have been if patients who received DET had 
received SET?’ The next two sections give technical 
details of the model development and describe the 
final model used for prediction. Its implications for 
eSET are described towards the end of this chapter. 
An interesting interaction effect was observed and 
that model is described below but was not used in 
prediction. Some model validation and comparison 
is given in the section EU model validation, which 
can be omitted. We then show that the model 
predictions for eSET are consistent with the trial 
data. The final sections estimate the effects of 
intracouple correlations and freezing, which are 
needed for the more detailed simulation work of 
Chapter 5.

*Building the models
All the variables listed in Table 30 were included 
regardless of statistical significance.

Each of the variables can, in principle, be included 
in either or both the E and U models, i.e. they can 
affect the embryo viability or the uterine receptivity. 
This gives 183 = 5832 possible models, and hence 
an exhaustive search would be computationally 
infeasible. We therefore adopted a multistage 
procedure to determine the appropriate levels (E 
or U) at which to include each variable:

1.	 First, the embryo parameters were included 
in the E submodel and not the U. As site 
reflected potential population differences, 
this was always included in both submodels. 
With embryo quality and site in the model, 
the three models with age in the E, U and 
both submodels were fitted, and, based on the 
AIC, the best fit (age in both components) was 
selected.

2.	 Second, a forward selection model was 
developed. Each variable was tested as an 
addition in each of the three submodels 

TABLE 41  Comparison of EU submodel selection using the forward and backward approaches 

Optimal selection 

Selected submodelForward Backward

Submodel
AIC 
differencea Submodel

AIC 
differenceb Chosen Reason for choice

No. embryos 
transferred 

E 2.6 E 1.8 E AIC

Embryos created U 7.7 U 6.3 U AIC

Attempt U 3.9 U 4.0 U AIC

IVF/ICSI U 0.0 E 1.3 E Prior beliefc

Sperm source U 0.2 E&U 0.5 E Prior beliefc

Birth history U 4.1 U 4.5 U AIC

Duration U 7.0 U 7.8 U AIC

Diagnosis

Tubal U 0.8 E 0.5 U Maternal diagnosis 
as a set of variables 
favour U 

PCOS U 0.4 U 0.2 U

Endometriosis U 1.8 U 1.7 U

Idiopathic E 0.1 U 0.0 ? Undecided: test eight 
possibilitiesMale factor E 0.3 U 0.4 ?

Transfer day U 1.0 E 0.7 ?

Year U 0.4 E&U 1.3 E&U

Final model AIC 15597.96 15596.27

a	 Difference in AIC from the minimal model.
b	 Difference in AIC from the full model.
c	 See text.
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(E, U, and E&U) in a base model including age 
(E&U), embryo quality (E) and site (E&U), and 
the model with lowest AIC selected. The final 
forward model included each variable at its 
optimal submodel(s) based on the age/embryo/
site base.

3.	 Third, a backward selection model was 
developed. Here we took a base model 
with all variables fitted in both the E and U 
components. Then, for each variable in turn, 
models were considered with that variable in 
either just the E or just the U submodel, and 
the position with lowest AIC selected. The final 
backward model included each variable at its 
optimal position with respect to a full model 
base.

4.	 The results of the forward and backward 
selection processes yielded clear positions for 
some variables, but left a degree of ambiguity 
around others. The selected components are 
shown in Table 41.

5.	 The IVF/ICSI variable and use of donor sperm 
were considered to naturally fall in the E 
model, although there was no evidence either 
way from the model fitting. It was considered 
important to represent any temporal changes 
in prognosis, therefore year was included in 
both components, despite the ambiguous 
statistical evidence. This left three variables 
(transfer day and male and idiopathic 
diagnoses) which still could not be assigned 
to an appropriate component, although the 
statistical evidence did not favour inclusion in 
both component models. Therefore we ran all 
eight possible combinations and selected the 
one with the lowest AIC.

6.	 As a final step we considered potential 
interactions between the major prognostic 
variables. Given knowledge gained from the 
logistic regression where no interactions were 
observed, a small subset of important variables 
(namely age, embryos created, site, grade and 
growth rate) was considered. Models were fitted 
with the additional interaction terms and the 
change in AIC computed. Table 42 shows the 
results of these tests. Most interactions tested 
led to a worse fit to the data (as quantified by 
the AIC). Only the age by grade interaction 
improved the fit, and this only by a small 
amount. Following inspection of the magnitude 
and nature of this interaction, it was decided 
that the interaction might be of biological 
interest but was not of practical relevance 
for prediction, and therefore the interaction 
was not included it in the final model for 
prediction, but is discussed separately (see An 
interaction model below).

We note that the model selection process yielded a 
large number of fits that were close to the optimal 
fit in terms of AIC. These fits were saved and are 
utilised to explore the influence of model selection 
on predicted outcomes (see EU model validation).

The predictive EU model

The process outlined above leads to a statistical 
model which is utilised in the predictive and 
simulation work. In this section we describe the 
resultant model, then we look specifically at the 
strength of the statistical evidence around specific 
embryo (E) or uterine (U) effects. There was some 
weak evidence for an interaction between grade 
and age, but discussion of this is deferred to the 
next section.

Table 43 and Figure 20 give the parameter estimates 
of the final selected model. The covariate effects 
are similar to those seen in the LR model (see 
Logistic regression models above) and so need no 
discussion here. The EU model, being based on 
the actual cell number and grades of each embryo, 
rather than their means, gives a more reliable 
indication of the role of embryo quality. We see that 
there is a strong relationship with embryo growth, 
with both slow- and fast-growing embryos having a 
poor implantation probability compared with those 
with a normal growth of around one doubling 
per day. This has been observed previously.2,118,119 
The morphological grade shows the expected 
relationships, with grades 1 and 2 having very poor 
prognosis and grades 3 and 4 similar, but good, 
prognosis.

TABLE 42  Results of tests for interactions in the EU model: 
AIC for the final main effect model and models with selected 
interactions

Interaction added AIC

No interaction 15596.62

U interactions

Age group:site 15635.40

Age group:embryos created 15661.76

Site:embryos created 15632.29

E interactions

Age group:growth rate 15607.17

Age group:grade 15595.10

Age group:site 15596.62

Growth rate:grade 15598.00

Growth rate:site 15601.00

Grade:site 15605.24
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TABLE 43  Parameter estimates from the final selected EU model in the towardSET? dataset

Variablea

U submodel E submodel

pbβ SE OR 95% CI β SE OR 95% CI

Intercept –0.26 0.19 –3.71 0.84

Number of embryos transferred 0.10

1 0.19 0.18 1.21 0.84 to 1.74

3 –0.22 0.12 0.80 0.63 to 1.01

Age (years) < 0.001

< 26 –0.19 0.19 0.82 0.57 to 1.20 0.51 0.20 1.66 1.13 to 2.44

27–29 –0.19 0.15 0.83 0.62 to 1.12 0.48 0.15 1.62 1.20 to 2.19

30–31 0.07 0.15 1.07 0.80 to 1.44 0.33 0.14 1.39 1.06 to 1.82

32–33 0.14 0.15 1.15 0.85 to 1.55 0.07 0.14 1.07 0.82 to 1.40

36–37 –0.19 0.16 0.83 0.60 to 1.14 –0.05 0.15 0.95 0.71 to 1.28

38–39 –0.12 0.22 0.89 0.58 to 1.37 –0.34 0.19 0.71 0.49 to 1.03

40–42 –0.66 0.37 0.52 0.25 to 1.07 –0.69 0.36 0.50 0.25 to 1.01

≥ 43 –2.13 0.79 0.12 0.03 to 0.56 –0.30 1.04 0.74 0.10 to 5.67

Number of embryos created < 0.001

1 –0.62 0.24 0.54 0.34 to 0.86

2 –0.32 0.14 0.72 0.55 to 0.95

3 –0.22 0.12 0.80 0.63 to 1.02

4 –0.14 0.12 0.87 0.69 to 1.11

5 –0.02 0.12 0.98 0.77 to 1.25

7–8 0.11 0.11 1.11 0.89 to 1.39

9–12 0.16 0.11 1.18 0.95 to 1.46

≥ 13 0.24 0.14 1.27 0.97 to 1.67

Attempt < 0.001

2nd –0.20 0.07 0.82 0.71 to 0.94

3rd –0.16 0.10 0.85 0.70 to 1.03

≥ 4th –0.32 0.10 0.73 0.59 to 0.89

ICSI cycle –0.09 0.07 0.91 0.79 to 1.06 0.22

Previous history < 0.001

Previous pregnancy –0.08 0.07 0.92 0.80 to 1.06

1 previous birth 0.25 0.09 1.29 1.08 to 1.54

≥ 2 previous births 0.28 0.17 1.32 0.95 to 1.84

Duration of infertility (years) < 0.001

0–2 0.27 0.10 1.31 1.07 to 1.60

3 0.05 0.10 1.05 0.86 to 1.29

5 –0.10 0.11 0.91 0.73 to 1.12

6 –0.07 0.12 0.94 0.74 to 1.18

7–8 –0.15 0.11 0.86 0.69 to 1.07

≥ 9 –0.12 0.11 0.89 0.72 to 1.10

Cause of infertility

Tubal diagnosis –0.34 0.08 0.71 0.60 to 0.84 < 0.001

Diagnosis of PCOS 0.01 0.10 1.01 0.82 to 1.23 0.94

Diagnosis of 
endometriosis

0.19 0.11 1.21 0.98 to 1.49 0.07

Idiopathic diagnosis –0.06 0.09 0.94 0.79 to 1.13 0.52

Male factor diagnosis 0.10 0.09 1.11 0.94 to 1.31 0.24

continued
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Figures 21 and 22 show the predicted LBE and twin 
rates for the EU model for the population and for 
a typical patient as a function of the covariates in 
the model. These are very similar to the equivalent 
plots for the LR model (Figure 17), as would be 
expected. It is pertinent to note how the centre 
effects show differential differences between the 
centres in the LBE and twin rates; this may simply 
reflect differences in patient characteristics that are 
not represented by the available covariates, or may 
reflect differences in treatment practice.

Figure 23 shows the E and U submodels for the 
primary variables. Except for the very oldest 
patients, of whom there are only small numbers, 
there is only a very weak age effect in the U 
submodel. Most of the age effect is in the E 
component, and a formal significance test shows 
that age is not statistically significant in the U 
submodel (p = 0.11). The centre differences are 
marked: for example, centre 2 has a low U and 
a high E compared with the other centres, and 
this results in a high twin rate for a relatively low 

Variablea

U submodel E submodel

pbβ SE OR 95% CI β SE OR 95% CI

Donor sperm –0.01 0.16 0.99 0.72 to 1.35 0.93

Transfer day 3 –0.34 0.14 0.71 0.54 to 0.95 0.02

Year < 0.001

2004 0.47 0.17 1.60 1.15 to 2.25 –0.50 0.16 0.61 0.45 to 0.83

2003 0.38 0.16 1.46 1.06 to 1.99 –0.36 0.16 0.69 0.51 to 0.95

2002 0.10 0.15 1.11 0.82 to 1.49 –0.22 0.17 0.80 0.57 to 1.11

2001 0.43 0.17 1.53 1.09 to 2.16 –0.10 0.18 0.90 0.64 to 1.28

2000 0.28 0.17 1.32 0.94 to 1.86 –0.14 0.18 0.87 0.61 to 1.24

Centre < 0.001

2 –0.55 0.12 0.58 0.45 to 0.73 0.47 0.13 1.60 1.24 to 2.07

3 –0.13 0.19 0.88 0.60 to 1.28 0.11 0.18 1.11 0.78 to 1.59

4 0.08 0.18 1.08 0.76 to 1.54 –0.35 0.15 0.70 0.52 to 0.95

5 –0.03 0.21 0.97 0.64 to 1.48 0.43 0.23 1.53 0.99 to 2.38

Growth rate See Figure 20 See Figure 20 < 0.001

Embryo grade See Figure 20 See Figure 20 < 0.001

a	 All effects are relative to the reference levels indicated in Table 30 and omitted from this table.
b	 p-value is LRT from removing the variable completely.

TABLE 43  Parameter estimates from the final selected model in the towardSET? dataset (continued)
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FIGURE 20  Spline functions for embryo parameters for the EU model fit to the towardSET? dataset. Grade is shown on the 
normalised scale, with 0 being poorest and 1 best quality embryos; the vertical lines indicate the mean normalised grade for embryos 
graded 1–4 as indicated.
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FIGURE 21  Predicted outcomes for EU model fit to the towardSET? dataset, plotted for major predictors. Live births (left); multiple 
birth rate (right).
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success rate (compare Figure 21), while centre 4 has 
a low E and a higher U, giving a low twin rate. The 
E components here relate to factors that directly 
affect the embryo viability and embryo fertilisation, 
handling and culture processes, and there are 
many such factors that are not measured, relating 
to laboratory practice, which can potentially 
differ between centres. Similarly, U relates to the 
condition of the potential mother and factors 
around the drug regimens and implantation 
procedures, and even the clinical environment and 
psychological factors can similarly differ between 
centres and lead to intercentre heterogeneity in U. 

The fact that a group of centres show this degree 
of variability suggests that, were these factors 
controlled to match the best practice, there could 
be significant improvements in success rates, 
although a component of these differences will 
be due to unchangeable differences in population 
characteristics which are not contained in the 
measured covariates (including the funding 
mechanism).

Indeed practice is evolving in all the centres and 
success rates are slowly improving. In Figure 24 we 
show the embryo viability as a function of embryo 

FIGURE 22  Predicted outcomes for EU model fit to the towardSET? dataset plotted for less important predictors. Live births 
(columns 1 and 3); multiple birth rate (columns 2 and 4).
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FIGURE 23  towardSET? dataset: predictions of uterine viability (U) and embryo implantation probability (E) for selected predictors.
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growth and stage, showing the range of values in 
the population alongside the estimates for a typical 
patient.

Do prognostic factors act on embryo or 
uterus?
The EU model has the potential to provide 
evidence about which submodel each prognostic 
factor should be included in, i.e. whether a variable 
acts primarily via the embryo or via the maternal 
environment. As noted previously, two such 
distinctions are only weakly identified through 
the differential effect of covariates on the twin 
rates, and large datasets are needed to enable any 
discrimination, but here we do have a large dataset. 
The various models are not completely nested and 
therefore standard inference is not possible, so we 
compared models using the AIC. We consider an 
AIC difference > 2 as providing evidence that one 
model is to be preferred, this being the criterion 
by which an additional model parameter would 
be justified. Starting from the final model, each 
variable was refitted at all four possible positions 
(E, U, both E and U, neither E nor U) and the 
differences in AIC from the final model are shown 
in Table 44. In this table the zeros indicate the 
position in the final model and positive values 
indicate worse fits to the data. The few negative 
values indicate better fits than the final model and 
such fits could be considered alternative models 
that are in some sense better than our selected 
model. A statistically better fit to the data would 
have been obtained if age had been omitted 
from the U model, but we considered that it was 
important to understand the age effect as it is the 
most important patient characteristic determining 
outcome. We note that in the model with few other 

covariates the AIC suggested that age should be in 
both submodels (see above, step 1). In this case the 
large number of parameters associated with age 
would have increased the AIC and a simpler age 
function may well have warranted inclusion. The 
number of embryos created shows good evidence of 
contributing through U, suggesting that it may be a 
surrogate marker for hormonal factors.113 Attempt 
number, though a weak effect, acts through U also, 
suggesting that the systematic decline in success 
with later attempts reflects poorer uterine or 
hormonal environments in these patients. However, 
interpretation of multiple attempts is difficult in 
these data as the later attempts are predominantly 
from patients who have failed earlier attempts 
but have funding for more, so there were large 
selection effects. Birth and infertility history both 
seem to reflect uterine environment rather than 
embryo factors. Most of the diagnoses have little 
impact on outcome, but a tubal diagnosis was 
significantly associated with poorer outcome, 
as noted previously52 (see also Chapter 3, The 
logistic regression models), and unsurprisingly 
acts through the uterine component. Site and 
year of treatment both contribute strongly to both 
components, indicative of variations in both clinical 
and embryological practice between centres and 
over time. There is weak evidence that the use of 
donor sperm should be included in the U rather 
than the E submodel, but stronger evidence that 
it could be excluded entirely. Although, at face 
value, donor sperm can only affect embryos, it 
does reflect a male cause for the infertility and may 
therefore be a surrogate marker for better maternal 
factors, so either is plausible, but the data provide 
no strong evidence for either.
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FIGURE 24  towardSET? dataset: predicted probabilities of an embryo being viable as a function of embryo stage (doublings per day) 
and grade. Zero growth rate represents single-cell embryos.
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TABLE 44  Differences in goodness of fit (AIC) as variables are considered in each, both or none of the E and U submodels. Zero 
difference indicates the selected model 

Variable

Difference in AIC from final fit 

Omit E only U only E&U

Age group 175.06 –3.05 21.25 0

Number of embryos transferred 0.55 0 1.69 0.53

Number of embryos created 19.33 5.57 0 10.04

Attempt number 8.05 3.82 0 5.54

ICSI –0.50 0 1.06 1.94

Birth history 8.48 5.90 0 5.41

Duration of infertility 10.44 8.67 0 7.37

Diagnosis

Tubal 14.21 4.32 0 1.35

PCOS –1.99 –0.04 0 1.85

Endometriosis 1.18 1.26 0 1.98

Idiopathic –1.58 0.22 0 0.82

Male factor –0.63 0 0.74 1.96

Donor sperm –1.99 0 –1.15 –0.89

Transfer day 3.47 0 1.59 1.94

Year 13.04 5.03 1.83 0

Site 24.74 13.49 15.50 0

Growth rate 105.66 0 – –

Grade 92.57 0 – –

An interaction model
The model with an age by embryo grade 
interaction was a slightly better fit to the data than 
the selected model. An LRT gives p = 0.020, which 
would not be considered statistically significant 
if we allowed for the fact that a number of 
interactions were tested.

Figure 25 shows the embryo implantation 
probabilities for the interaction model alongside 
those of the main-effects model. This shows that 
the effect of grade is somewhat weaker in the 
older patients – grade is not as good a predictor 
of success above ~35 as it is in younger patients. 
While this could be an artefact of the grading 
systems or the normalisation procedure required 
to unify data between centres, it is biologically 
plausible if there are important age-related 
components of embryo viability that are not 
detectable by the morphological systems employed 
here. Genetic abnormalities such as aneuploidy 
are an obvious candidate here, as the incidence 
of these increases strongly with maternal age, but 
the correlation between aneuploidy and embryo 
morphology is less strong.120

*EU model validation
Figure 26 shows the observed versus fitted values 
(see Chapter 1, Statistical modelling approaches) 
for the main-effects model as a function of the two 
most predictive covariates. There is no evidence of 
any systematic lack of fit.

A formal measure of the goodness of fits is given 
by the AUC. As we have a multinomial outcome 
there are three AUC parameters, one for each of 
treatment failure and singleton and twin outcomes. 
These are shown in Table 45, and the estimates 
are similar to those seen in the LR model. The 
two models show equally good fits to the data. 
As observed in another study,53 the EU model 
produces a similar AUC to the fixed-effects logistic 
model for singleton success. Although not directly 
comparable it would appear that the EU model 
is better able to classify twin events than the 
conditional logistic model for twins. The values are 
also similar to those published by Roberts et al.2 
(0.70, 0.67 and 0.78 for not pregnant, singleton 
and twin outcomes respectively), although other 
variables were available for use in that single site 
analysis that are not available in this analysis of 
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FIGURE 26  Fitted and observed outcomes for the EU model for the two most predictive variables. Live births (left); multiple birth rate 
(right).

TABLE 45  Predictive power (AUC) for the two fits. As the outcome is multinomial, three measures are shown, although there are only 
two independent measures

AUC

Main effects Interaction

No live birth 0.67 0.67

Singleton 0.63 0.64

Twins 0.73 0.73
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FIGURE 28  Variation in predicted estimates across 72 models. Data shows mean and standard deviation of estimates for individual 
embryo transfers, ordered by the estimate in the selected model.

FIGURE 27  Variation in predicted estimates from bootstrap resampling. Data shows mean and standard deviation of 150 estimates 
for individual embryo transfers, ordered by the estimate in the original dataset.
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data from several sites (such as FSH and lifestyle 
indicators).

In order to assess the uncertainty in the predicted 
values, the data were refitted using bootstrap 
resampling and the predicted values computed. 
The results of 150 bootstrap samples are shown 
in Figure 27. The model selection process (see 
above) yielded a number of models that were close 
to optimal, and consideration of the variability 
in predicted values between these allows us to 
make an assessment of the uncertainty owing to 
model selection. In Figure 28 we show the standard 
deviation of predictions for all 77 models that 
had an AIC of < 15,600, i.e. within 3.4 of the 
final model. Models with an AIC of more than 3 
different from the optimum would be considered 

to be poorer fits with good evidence against them 
and favouring the optimal fit. Even with this 
generous inclusion criterion, the model variability 
is clearly much less than the variability owing to 
the data. This indicates that the model selection 
process (here concerned only with identifying the 
appropriate submodel) and uncertainty in the 
final choice does not contribute appreciably to the 
uncertainty in the model predictions.

The bootstrap samples give a standard error of 
prediction between replicates of 3.1% for LBE 
rate and 4.7% for twin rate, expressed as absolute 
percentages, while the sample of close to optimum 
models gives a standard error of prediction of 0.8% 
for LBE rate and 1.5% for twin rate.
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Comparison with data from 
randomised trials
There have been a number of clinical trials that 
have randomised patients to receive SET or DET 
as cleavage stage embryos. These are listed in Table 
46 and reviewed in detail in a Cochrane review.6 
These trials were mostly small and of variable 
quality. Most of the trials explicitly included only 
good prognosis patients, and beyond this it is to 
be expected that better prognosis patients would 
be more likely to consent to participate in a trial, 
as shown by comparisons between those who 
consented and those who refused in two of the 
trials.14,18 It is also generally accepted that patients 
in clinical trials have better outcomes than is 
routine.

Thus, we expect that overall success rates will 
be higher in the trials than in those undergoing 
routine care. In Figure 29 panels (a) and (b) show 
the LBE rates for SET and DET from the trials, 
with 95% confidence intervals along with the model 

predictions, showing an overall higher success rate 
in the trial series. Of more relevance is panel (c) 
which shows the ratio of success rates for SET:DET. 
Both the total sample and the patients with good 
prognosis are predicted to have a success rate 
in SET which is 67% of that in DET, and this is 
consistent with that observed in all the trials, and 
indeed is close to an ideal pooled estimate of the 
ratio in the trials. Similarly, the twin rate [panel 
(d)] fits the trial data reasonably well once we allow 
for patient selection. These comparisons give us 
confidence that the predictions from the EU model 
are indeed applicable to what is observed in SET 
treatments in practice.

EU modelling of the effect 
of frozen cycles
Following the approach used for the LR model (see 
above), we modelled the fresh and frozen cycles 
together with a six-level factor combining fresh 
cell growth and freezing, combining the latter 

TABLE 46  Randomised trials comparing fresh SET and DET cycles with embryos transferred on day 2 or 3

Trial Population Number of cycles

Moustafa et al. 200817 ≥ 1 good embryo; age ≤ 30 81

van Montfoort et al. 200618 > 1 embryo; ‘unselected’ 308

Lukassen et al. 200510 1st treatment; age ≤ 35; > 1 good embryo 107

Thurin et al. 200415 Age < 36; < 2 previous cycles; > 1 good embryo 661a

Martikainen et al. 200114 > 3 good embryos; some age selection; < 2 previous cycles

Gerris et al. 199913 1st treatment; age < 34; > 1 good embryo 53

a	 16 cycles were day 5 blastocyst transfers.

(a)
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FIGURE 29  A comparison of outcomes from trials (estimate with 95% CI) and predicted outcomes from the EU model developed in 
unselected patients. The two vertical lines indicate the predictions from the EU model for patients who underwent DET, selecting either 
all patients (solid line) or patients under age 35 (broken line). See text for a detailed description. (a) LBE rate for SET. (b) LBE rate for 
DET. (c) LBE ratio for SET:DET. (d) Twin rate for DET.
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this is only computationally feasible if there are a 
small number of covariates. Therefore, to obtain 
an estimate of the magnitude of the interpatient 
correlation we refitted a model derived from the 
final models described above with the inclusion of 
an interpatient random effect. In order to reduce 
the model complexity we computed the linear 
predictors of the E and U submodels and fitted 
these as single covariates in E and U. To allow 
a direct comparison, both models were fitted to 
the three centre data used to develop the frozen 
models.

Table 48 shows the random effect estimates for 
the two models. A naive LRT showed that these 
effects are of borderline statistical significance, but 
these tests are known to be inaccurate for testing 
whether a random effect is zero.104 Although 
there is no strong statistical evidence for non-zero 
correlations between cycles in this dataset, and the 
magnitude of these intrapatient correlations is not 
precisely determined, the correlation estimates 
are of a magnitude that is clinically relevant. The 
estimates are standard deviations of patient- (or 
egg-collection)-specific effects on the same linear 
predictor scale as the model parameter estimates 
(b), and thus these effects are smaller than the 
differences due to age and embryo quality but 
larger than (for example) the effects of patient 
history or diagnosis.

with centre as defined in Table 39. This factor was 
tested in the E submodel. The age of the mother 
at egg retrieval was used in the E submodel and 
that of the mother at the time of transfer in the U 
submodel. We also considered a simple fresh/frozen 
parameter in the U component, but the fitted 
estimate (–0.2) was negligible and did not reach 
statistical significance (p = 0.3). The parameter 
estimates are shown in Table 47.

The loss due to freezing is large, with embryo 
implantation odds ratios between one-third and 
one-half, with quite large differences between 
centres.

*Intercycle correlations in 
the EU model
All the work above ignores the correlations 
between cycles from the same couple. This was 
owing to the computational infeasibility of fitting 
such models to the size of datasets and number of 
parameters involved. The omission can be justified 
from observations in the LR model formulation 
that inclusion of patient random effects had only 
negligible effects on the parameter estimates. It 
is possible within the EU model framework to fit 
a single random effect in the U component (see 
Chapter 1, Statistical modelling approaches), but 

TABLE 47  Parameter estimates for the combined growth/freezing variable for the EU model

Variable

E submodel

β SE OR 95% CI

Fresh ‘normal’ growtha 0 – 1 –

Fresh ‘fast’ growth –0.74 0.09 0.48 0.40 to 0.57

Fresh ‘slow’ growth –0.22 0.08 0.80 0.68 to 0.93

Frozen cycle (Centre 1) –1.12 0.12 0.33 0.26 to 0.41

Frozen cycle (Centre 3) –1.09 0.17 0.34 0.24 to 0.47

Frozen cycle (Centre 4) –0.63 0.13 0.53 0.41 to 0.69

a	 Reference group.

TABLE 48  Estimates of the patient-level random effect in the EU model fitted to the towardSET? dataset

RE effect estimated REa (95% CI)b p-valuec

Fresh Between multiple fresh cycles 0.69 (0 to 1.11) 0.06

Fresh + frozen Between multiple embryo replacements 0.82 (0 to 1.41) 0.09

a	 RE expressed as standard deviation on log-odd scale.
b	 Profile likelihood 95% CI.
c	 Naive LRT for no intrapatient correlations.
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Implications for eSET

The EU model allows us to predict the potential 
outcomes for DET cycles were they to have received 
SET. Assuming that the better-quality embryo 
of the two is transferred (based on the predicted 
success probabilities given growth rate and grade) 
the overall LBE rate in fresh DET cycles in this 
cohort of 24.4% would be reduced to 16.5% if 
these cycles had been SET, a reduction of 32%. 
This compares to a fitted overall success rate of 
13.2% (and an observed rate of 13.7%) in those 
who actually received SET and had two or more 
embryos available. This group is an undefined 
mixture of a small number of true eSET cycles and 
cycles in which DET was contraindicated. Cycles 
in which only a single embryo was available gave a 
much lower LBE rate of 8.3%.

Figure 30 [panel (a)] shows that there is a weak 
age dependence of the proportion of birth events 
lost in moving from DET to SET in the initial 
fresh cycle, with the loss being a little greater in 
older patients. This is true both for the patients 
in the population (box plots) with their varying 
characteristics, and as a conditional effect with the 
other characteristics being held constant (broken 
line). Most of the variation between individual 

patients is due to the embryo quality, as illustrated 
in panel (b), which shows the SET:DET LBE ratio 
as a function of the difference in embryo grade 
between the two DET embryos. If the difference 
was large, i.e. the embryo that was not transferred 
in the SET treatment was of poor quality, there is 
only a small loss in LBE rate as the poor embryo 
contributed little to the success (and incidentally 
was unlikely to produce a twin pregnancy). Where 
there were two good embryos (and a higher chance 
of twins) the loss in eSET was larger.

In Figure 31 this loss in initial fresh transfer success 
is plotted against the predicted twin rate under 
DET. In panel (a) we see that those with only a 
small reduction in success from SET were those 
with poor-quality second embryos and a low chance 
of twins. In these plots the data all lie above a 
diagonal line, which is a consequence of selecting 
the better of the two embryos for putative eSET. 
Patients would be clearly indicated for eSET (high 
twin rate and low loss in LBEs) if they were in the 
top right quadrant of this plot – there are no such 
patients! In panel (b) we see that it is the younger 
patients who had the highest twin rates with 
somewhat less loss due to eSET, but the loss was 
still substantial in nearly all patients – and those in 
which it was not were those with a very low success 
rate.

FIGURE 30  Loss in fresh cycle success rate in DET cycles had they received SET. Loss is expressed as the ratio of SET:DET LBE rate 
and plotted against (a) age and (b) the difference in grade between the two embryos (best–worst). The box plots show the range of 
predictions. The thin horizontal lines indicate the population average of 68%. In panel (a) the broken horizontal line shows the ratio for 
a ‘typical’ patient (i.e. all parameters other than age held constant) with two top-quality embryos.
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Discussion
Limitations and caveats
The models developed in this chapter give 
predictions for outcomes of individual embryo 
transfer procedures, and therefore do not directly 
predict the more relevant clinical outcomes across 
a treatment course that may include several egg 
retrieval and transfer procedures involving both 
fresh and frozen embryos.

The study was designed to use routinely collected 
data which was recorded into commercially 
developed clinical databases, and, as such, was 
believed to be robust and accurate. However, 
we discovered that the database design of these 
systems was flawed, as was their usage. Moreover, 
the data were not as accurately recorded as we 
might have believed. These issues are discussed 
further in Chapter 7. Here we note that there 
was a non-trivial amount of missing and invalid 
data, and that we were not able to extract as many 
potential covariates as we would have wished (for 
example: sperm quality, hormone levels and source 
of funding). However, we have found no evidence 
that the missing data will have biased the results: as 
far as we can determine it was missing effectively at 
random. More covariates may have improved the 
predictive power of the models, and further work is 
required to test any additional covariates.

The centres recruited all used nominally similar 
embryo grading schemes, based on the same 
criteria – although the numerical scores were 
inverted in some sites relative to the rest. However, 
it was clear that the implementations were not 
identical, and a normalisation had to be employed 
with a strong assumption that the underlying 
embryo grade distributions were similar between 
sites. Although post hoc tests did not show any site 
differences in grading after the normalisation, this 
nonetheless may have introduced subtle biases, in 
particular to the intercentre comparisons.

We used two different, but related, modelling 
approaches. The LR models can be readily 
fitted to datasets of this size, with some practical 
restrictions on the estimation of random effects. 
For the EU model the sample size and number 
of covariates is about the limit of computational 
feasibility, with each fit taking several hours. Fitting 
of random effects in this framework is not possible, 
and computationally intensive methods such as 
bootstrapping and profile likelihoods are not in 
general feasible, although we did run a series of 
bootstrapped fits, a process which took several 
weeks of computing time. We were able gain an 
estimate of the random effect by utilising a two-
step fitting process.

FIGURE 31  Plot of predicted loss of success rate by use of eSET against predicted twin rate for DET for 1000 randomly selected fresh 
cycles. Panel (a) highlights good- (grade 3/4) and poor- (grade 1/2) quality embryos, while panel (b) indicates the younger and older 
patients.
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The data on frozen embryo transfers were generally 
of poorer quality, and in attempting to model such 
transfers we uncovered a number of shortcomings 
in the data recording. These are again discussed in 
some detail in Chapter 7.

As discussed previously (see Chapter 3, The logistic 
regression models), attempt number was not well 
recorded and these effects need to be treated with 
caution.

The EU model allowed us to identify the level at 
which a number of the covariates act – embryo 
or recipient. While this gives results that appear 
reasonable and have some statistical support, more 
methodological work is required to understand this 
and validate whether the identification is real and 
its sensitivity to the model assumptions and data 
structures. The EU model has itself a number of 
assumptions that it is not possible to test, although 
there is no evidence of any systematic lack of fit to 
indicate that the model is not valid. Monozygotic 
twins are not included in the model and are not 
considered.

Finally we note that these data were derived from 
the 2000–5 time period. The data and results are 
generally consistent with that from the national 
database from the same period, but clinical 
practice and success rates have improved since that 
time period. Further work is required to validate 
these models with more recent data as it becomes 
available.

Impact of cryopreservation

The impact of cryopreservation is not reliably 
determined from this dataset. First, there are 
weaknesses in the data which mean that it is not 
possible to fully model frozen cycles: factors such 
as pre- and post-freezing culture times were not 
recorded. Second, freezing practices may have 
changed since the time the data were collected, 
when most centres were not doing much embryo 
freezing. We therefore only attempted to estimate 
a simple loss factor for frozen cycles, although we 
were able to see that the prognostic factors behaved 
similarly to those in fresh cycles. Because of the 
strong caveats, we believe that the estimates here 
form a lower bound on the success of frozen cycles, 
and that much better results will be attainable 
where freezing is routinely performed and 
optimised. Furthermore, any rigorous analysis of 
freezing policies must take into account the whole 

treatment course with an appropriate cumulative 
outcome measure.

Conclusions

The analysis here confirms the role of the 
prognostic factors seen in the national dataset 
(Chapter 3). Again, the factors that predict twin 
rates are essentially the same as those that predict 
treatment success. We have been able to provide 
statistical evidence that some prognostic factors, 
including age, act primarily through the embryo 
viability, whereas others, including the number of 
embryos created and patient history, principally act 
through the uterine receptivity.

There were quite large differences between the five 
centres included in the dataset, and it is interesting 
that treatment centre affects both the embryo and 
uterine components. Centres with high E relative 
to U will produce more twins per live birth, as was 
observed. We do see some evidence of higher twin 
rates in fresh DET in some centres compared with 
others, although the overall LBE rates are quite 
similar. This may suggest that centres may have 
preferentially optimised either the embryology or 
the clinical components of treatment to achieve 
acceptable success rates, and, if both could be 
optimised, further gains in treatment outcomes 
could be achieved. It is noteworthy that efforts to 
optimise embryo quality will lead to higher twin 
rates.

It is a simply demonstrable mathematical truth 
that any individual patient will have a lower chance 
of a successful outcome in a given transfer cycle 
from SET compared with DET, and the EU model 
allows us to estimate the magnitude of this loss 
in the initial fresh cycle. For all patients there 
will be a loss of approximately one-third in the 
chances of a live birth from the initial fresh cycle if 
they receive SET rather than DET, with only very 
weak differences in this loss with differing patient 
characteristics, a result that is consistent with the 
limited trial data. This loss is less than the 50% 
that might naively be expected. This is intuitively 
obvious as some of the treatment failures will be 
due to maternal characteristics.

The data from frozen cycles are of limited quality, 
but, as with the HFEA data (Chapter 3), the 
analyses do indicate a significant loss in success 
rates associated with freezing, with no dependence 
on treatment or patient characteristics being 
observed.
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Summary

The statistical analysis of the towardSET? dataset 
again revealed no characteristics that specifically 
predicted multiple birth outcomes beyond those 
that predicted treatment success. A number of 
prognostic factors were confirmed and it was 
possible to identify some acting specifically through 
the embryo viability or uterine receptivity. In the 
fresh transfer following egg retrieval, SET would 

lead to a reduction of approximately one-third in 
the live birth probability compared to DET, a result 
consistent with the limited data from clinical trials. 
Furthermore, this reduction showed only weak 
dependence on patient characteristics. The limited 
data from frozen cycles indicate a significant loss 
in success rates associated with freezing, with 
no major dependence on treatment or patient 
characteristics being observed.
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Introduction

The HFEA policy on reducing multiple births 
puts the onus on individual clinics to reduce 
their multiple birth rate, defined as the number 
of multiple births per LBE. This has led to an 
emphasis in discussions with clinical teams and 
with patients around the selection of patients and 
treatment cycles for SET. A number of clinicians 
have communicated to us the belief that if they 
can select the right subset of patients/cycles for 
SET, then they can reduce the twin rate with little 
or no impact on overall success rates. Patients 
are concerned about the loss of choice over their 
treatment and over the perceived fairness of any 
imposed policies. The first part of the simulation 
work described below focuses on the choice around 
how many embryos to transfer in the initial fresh 
embryo transfer following an egg retrieval, i.e. we 
address the question of whether we can effectively 
select patients/cycles for SET or DET based on 
their characteristics.

It is clear from the limited trial data, the fresh cycle 
computations above (see Chapter 4, Implications 
for eSET) and the computations below that in 
the initial fresh cycle, SET will lead to lower per-
transfer success rates in the fresh transfers, and 
that multiple transfers, including cryopreservation, 
need to be considered as part of any policy. Here 
we define a ‘complete’ or ‘full’ treatment cycle 
as a transfer of all the good-quality embryos 
created and including transfers of frozen embryos. 
Predictions of multiple fresh or frozen transfer 
outcomes requires further assumptions as the data 
do not allow us to develop statistical models of the 
complete treatment programmes. First, we have 
to assume that the models developed for single 
fresh cycle prediction apply across the range of 
multiple transfers, both fresh and frozen; this is 
not unreasonable as the data include fresh and 
frozen transfers across the full range of attempt 
numbers, but subtle biases cannot be excluded. 
Second, we need to allow for correlations between 
multiple treatments from the same couples: we 
have estimates of the couple-level random effects 
which provide an estimate of these correlations, 
albeit with uncertainty around the magnitude and 
structure of these effects. With these assumptions 

we can simulate multiple fresh transfers (see 
Simulations of multiple fresh embryo cycles).

Computing the outcomes from frozen transfers is 
more problematic. As noted in Chapters 3 and 4 
the available data on success after cryopreservation 
is poor and does not yield reliable numerical 
estimates that can be used directly in simulation 
studies. Thus we use the data as a guide and make 
what we believe are plausible estimates of the loss 
in treatment success from freezing. The analyses 
did not provide any evidence that the loss due to 
freezing, when appropriately expressed, differed 
appreciably across patient groups, so in these 
simulations we assume a constant (odds ratio) loss. 
Finally, the data did not contain data on the quality 
of the non-transferred embryos, so data from 
another source is needed to enable consideration 
of subsequent transfers. Recognising these 
uncertainties, we present indicative simulations of 
various policies involving fresh and frozen transfers 
(‘complete cycles’), showing likely trends and 
highlighting the uncertainties (see Simulation of 
‘complete’ cycles).

A number of proposed methods for increasing SET 
success rates using embryo selection – particularly 
extended in vitro (blastocyst) culture and pre-
implantation genetic screening, result in a loss 
of embryos and leave fewer for cryopreservation 
or later transfer. As it is not clear whether the 
increased success rate in the fresh cycle is sufficient 
to offset the loss of further attempts, such 
techniques need to be considered in a multitransfer 
context across a whole treatment programme. 
However, we do not have any data on these 
treatments, so we do not consider such approaches 
in this simulation work, but offer some comments 
in the discussion below.

Predictions for fresh 
embryo replacements
It has been shown that, with care, the EU model 
can be used for prediction purposes outside 
the observed data and also in strategies for 
selecting patients for SET.2,121 Using the EU 
models developed in Chapter 4 we can predict 

Chapter 5  
Predictions and simulations of eSET policies
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the outcomes for DET cycles were they to have 
received SET, as well as for the DET that they in 
fact received. SET predictions assume that the 
embryo with the greatest viability is selected for 
transfer. We compute the outcome probabilities 
for all the fresh DET cycles in the dataset for both 
DET and SET transfers. These estimates explicitly 
exclude monozygotic twins, which, although 
not common, are increased in number in IVF-
conceived pregnancies compared with the general 
population.99

These model-derived estimates can then be utilised 
to test various scenarios for patient/cycle selection 
for eSET at the point of a fresh cleavage-stage 
embryo transfer decision. It should be emphasised 
that these analyses consider only part of the 
overall treatment policy, and do not take into 
account additional retrieval cycles (see Simulations 
of multiple fresh embryo replacement cycles), 
cryopreservation strategies (see Simulations of 
‘complete’ cycles) or the use of alternative selection 
methodologies such as extended in vitro culture or 
embryo diagnostics.

Some selected eSET policies

Based on a reading of the literature, discussions 
with clinical collaborators and the patient 
interviews described in Chapter 2 we determined 
a series of representative potential policies for the 
selection of patients for eSET in the fresh transfer 
cycle. These are not exhaustive, nor are they all 
meant to represent practical policies but rather are 
intended to cover the range of potential treatment 
policies, including inappropriate selection. It 
should be understood that ‘selection’ refers to those 
who actually get eSET as the result of any given 
policy (which may be persuasive or prescriptive) 
and does not necessarily imply that the patients 
have no choice. The specific scenarios investigated 
were:

RANDOM  Select patients for eSET purely at 
random to achieve a given proportion of SET, r. 
This is not proposed as a potential policy, but forms 
a baseline for policy comparison, approximating 
the haphazard selection of patients that may occur 
if no specific selection policy were in place.

AGE  Select patients under a given age, Ac, to have 
SET.

AGE + GOOD  Select patients under a given age, 
Ac, who have a top-quality embryo (grade 3 or 4, 

growth rate 0.95–1.15 doublings per day) to have 
SET. (The range for doublings per day was chosen 
to represent the best-quality embryos based on the 
spline function shown in Figure 20.)

EMBRYO NUMBER  Select patients with more 
than Ec embryos created to have SET. This is based 
on two concepts: (1) patients with greater embryo 
numbers have a better prognosis and a higher twin 
risk; (2) treatment cycles with more embryos are 
likely to have embryos to freeze for a later frozen 
transfer. The data do not include embryo grades of 
non-transferred embryos, but supplementary data 
(see Simulations of ‘complete’ cycles) indicates that 
around three-quarters of created embryos will be of 
sufficient quality to consider freezing and therefore 
a criterion of three to five embryos created will 
correspond to having enough embryos to enable 
cryopreservation, depending on clinic policy.

EMBRYO NUMBER + GOOD  Select patients 
with more than Ec embryos created, including at 
least one top-quality (grade 3 or 4, growth rate 
0.95–1.15 doublings per day) embryo to have SET. 
This selection method has the advantage, from the 
patient perspective, that it can be seen as based 
on the success probabilities of the individual cycle 
and related to the potential for further frozen 
cycles. It can be considered as a multitransfer 
SET policy with DET if there is not the potential 
for frozen transfers. The use of the potential for 
frozen transfers as a method for patient selection 
has been adopted as part of the SET policy in at 
least one UK centre (Drs G Horne, D Brison and 
C Fitzgerrald, St Mary’s Hospital, Manchester, 24 
September 2008 personal communication).

AGE + EMBRYO NUMBER + GOOD  Select 
patients with age < Ac and at least one top-quality 
(grade 3 or 4, growth rate 0.95–1.15 doublings 
per day) embryo to have SET, with the additional 
requirement that at least Ec embryos are available 
for selection and hence potentially Ec – 1 for 
cryopreservation if selected for eSET. These 
selection criteria capture most of the twin risk 
predictors.

FULL MODEL  Patients where the full EU model 
predicts a twin/LBE rate > Tc are selected for SET. 
The predictions here are based on a standard site 
to reflect the reality that decisions have to be made 
within each centre, and similarly transfer day and 
year are held constant. This scenario reflects the 
maximum that can be achieved with the present 
set of predictors. We also considered variants of 
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this approach using selection based on predicted 
absolute success or twin probabilities, and these 
gave almost identical results, so are not presented 
here.

REVERSE AGE  In patient interviews the view 
was expressed that younger couples may be those 
best able to cope with the demands of twins, both 
through pregnancy and in terms of coping with the 
demands of infants. Thus, for illustrative purposes 
we consider a policy whereby the youngest couples 
are given DET and the older couples SET, i.e. 
patients with age > Ac are selected for SET.

REVERSE AGE + GOOD  Patients with age > Ac are 
selected for SET providing they have at least one 
good-quality (grade 3 or 4, growth rate 0.95–1.15 
doublings per day) embryo.

*Predictions of fresh cycle eSET 
selection policies

Using the main-effects model of Chapter 4 
(Predictive models using the EU approach) we 
computed for each patient that received DET 
in the towardSET? collaborative dataset the 
predicted outcome under DET and SET. For the 
SET predictions we selected the embryo with the 
highest embryo success probability (E). Although 
the interaction model was a marginally better fit to 
the data, we considered that the extra complexity 
was not justified for the purposes here. This was 
justified post hoc by considering the uncertainties 
in the predictions in Chapter 4.

Using custom-written code in R,101 we selected 
patients for DET and SET according to a particular 

policy. Given the individual success and twin 
probabilities with SET and DET, the population 
LBE rate and twin probabilities can be readily 
computed, and from these the twin rate (twins/
LBE).

These computations focus on the DET cycles in the 
dataset and thus implicitly excluded those patients 
with only a single embryo available for transfer 
(~ 7% of cycles in this cohort) and those who have 
a clinical contraindication or preference for SET 
(~ 2% of cycles); for both these groups DET was 
not an option. Thus, the quoted twin rates for the 
whole patient population may be slightly lower 
than those presented here.

Results for selected eSET 
policies – fresh cycles
In this section we show predicted outcomes from 
applying the selection policies above to all the fresh 
DET cycles in the towardSET? dataset. For most of 
the policies considered there is an adjustable ‘cut-
off ’ parameter (e.g. age). In order to present all 
policies in a consistent way, outcomes are plotted 
against the proportion receiving SET as the cut-off 
is adjusted across its available range. Tables then 
give estimates of the cut-off and proportion of 
SET required to achieve specific twin rate targets 
(20%, 15%, 10%). We first show the results of 
selecting patients at random, then show the full 
model – the best that can be achieved with the 
data available. Following this, we look at simpler 
selection algorithms based on patients and embryo 
characteristics. Finally, we consider the effect of 
inappropriate selection.

FIGURE 32  Predicted live birth and twin rates for single fresh transfer cycles with patients randomly selected for SET or DET.
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Random selection
Figure 32 shows the predicted fresh transfer LBE 
and twin rates based on selecting patients for 
DET randomly. As shown in the left-hand panel, 
random selection reduces the live birth rate in a 
linear manner as the proportion receiving SET 
increases. The number of twin births per transfer 
(not shown) is reduced in a similar linear manner, 
but, as the right-hand panel shows, the twin/LBE 
rate is slightly non-linear as both the numerator 
and denominator vary with the proportion of SET. 
Reading off the right-hand panel we see that for 
a 10% twin rate (per LBE), we would require 68% 
SET, and from the left-hand panel this would lead 
to a decline in success rate compared with DET 
from 24% to 19%.

Selection using full model

Figure 33 shows the predicted fresh transfer LBE 
and twin rates based on selecting patients using the 
full predictive model, along with simple random 
selection for comparison.

In Table 49 we show the proportion of SET and 
resultant success rates for selection using the full 
model, again compared with random selection. 
This clearly performs better than simple random 
selection, in terms of requiring fewer patients to 
undergo SET. The benefit of selection in terms of 
LBEs is not very large compared with unselected 
patients, and the 41% SET required to achieve a 
10% twin rate reduces the LBE rate from 24% to 
20% – i.e. an 18% drop in fresh cycle, per transfer, 
success rate. Pure SET would give an LBE rate of 
16.5% in this population, thus around 60% of the 
loss can be mitigated at a patient population level, 
although of course each individual patient at the 
time of transfer suffers either all or none of the loss 
in success chances.

Selection on patient 
characteristics

The predicted fresh cycle outcomes for the 
towardSET? cohort with eSET selection using 
patient characteristics are shown in Figure 34 and 

FIGURE 33  Predicted live birth and twin rates for single fresh transfer cycles with patients selected for SET using the full model 
probabilities.

TABLE 49  Numbers of patients needed to receive SET in order to achieve a range of twin target rates for variants of selection using 
the modelled probabilities. Random selection is shown for comparison

Twin rate Variant % SET Live births (%)

25% All DET 0 24.3

20% Random selection

Model-based selection

25.9

11.7

22.3

23.2

15% Random selection

Model-based selection

48.9

26.2

20.5

21.6

10% Random selection

Model-based selection

68.3

42.5

19.0

20.1

0% All SET 100 16.5
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Table 50. Of the single parameters, age alone is a 
better selection criterion than embryo number. The 
stipulation that a cycle has at least one good-quality 
embryo does improve the selection process. Note 
that not all cycles have a good-quality embryo, so 
policies with an embryo quality threshold have an 
implicit a maximum possible eSET rate and the 

curves in Figure 34 do not cover the whole range of 
SET proportions.

Although the SET rates of around 50% needed to 
achieve a 10% twin rate are somewhat higher than 
the 41% using the full model (Table 49), the LBE 
rates are only marginally worse (19.9% cf. 20.1%).
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FIGURE 34  Predicted live birth and twin rates for single fresh transfer cycles with patients selected for SET using patient 
characteristics. The predictions for selection using random selection are also shown for comparison.

TABLE 50  Numbers of patients needed to receive SET in order to achieve a range of twin target rates for selection using patient 
characteristics. The predictions for selection using random selection are also shown for comparison

Twin rate Cut-off a Policy %SET Live births (%)

25% – All DET 0 24.3

20% –

Age < 28.9

Age < 29.2

> 9.0 embryos

> 8.7 embryos

Random

Age

Age + good

Embryo number

Embryo number + good

25.9

15.8

14.1

19.2

17.6

22.3

23.0

23.1

22.5

22.6

15% –

Age < 31.1

Age < 31.8

> 6.4 embryos

> 6.0 embryos

Random

Age

Age + good

Embryo number

Embryo number + good

48.9

32.1

29.7

38.2

35.3

20.5

21.5

21.6

20.8

20.9

10% –

Age < 33.3

Age < 34.3

> 4.7 embryos

> 4.0 embryos

Random

Age

Age + good

Embryo number

Embryo number + good

68.3

51.8

48.2

56.6

52.7

19.0

19.8

19.9

19.2

19.4

0% – All SET 100 16.5

a	 Interpolated – to exceed target would require rounding age upwards and embryo numbers downwards.
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We extend this by considering a policy selecting on 
age where there is a good embryo and sufficient 
embryos to enable freezing. The data does not 
contain data on the quality of non-transferred 
embryos, but a surrogate might be patients having 
more than, say, four embryos created. In Figure 35 
and Table 51 we show the predicted outcomes with 
thresholds of minimum numbers of four or five 
embryos created.

Note in Table 51 that if we use a criterion of 
five embryos created, including one top-quality 
embryo, to indicate SET, then there are insufficient 
patients meeting this criterion to achieve a 10% 
twin rate (although in fact the minimum twin rate 
is very close to 10%). The SET rates of 52% needed 
to achieve a 10% twin rate is still somewhat higher 
than the 41% using the full model; the LBE rates 
are a little worse (19.5% cf. 20.1%).

TABLE 51  Numbers of patients needed to receive SET in order to achieve a range of twin target rates for selection using age, 
conditional on having a good quality embryo and four or five embryos created. Random selection and the full model are shown for 
comparison

Twin rate Cut-offa Policy % SET Live births (%)

25% – All DET 0 24.3

20% –

Age < 30.0

Age < 30.5

–

Random

Age + good + four embryos

Age + good + five embryos

Full model

25.9

13.3

13.2

10.9

22.3

23.1

23.0

23.1

15% –

Age < 33.4

Age < 34.8

–

Random

Age + good + four embryos

Age + good + five embryos

Full model

48.9

29.9

31.3

24.9

20.5

21.4

21.2

21.6

10% –

Age < 40.5

NAb

–

Random

Age + good + four embryos

Age + good + five embryos

Full model

68.3

52.0

NAb

41.2

19.0

19.5

NAb

20.0

0% – All SET 100 16.5

a	 Interpolated – to exceed target would require rounding age upwards and embryo numbers downwards.
b	 It is not possible to reach 10% twin rate with only those with fewer than five embryos getting SET.

FIGURE 35  Predicted live birth and twin rates for single fresh transfer cycles with patients selected for SET using age, conditional on 
having a good-quality embryo and four or five embryos created. The predictions for selection using the full model and random selection 
are also shown for comparison.
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Figure 36 shows the age distributions of the patients 
receiving SET and DET under the various selection 
procedures. The full model and schemes requiring 
at least one good-quality embryo for SET all have 
significant numbers of younger patients receiving 
DET. This further illustrates that age alone is not a 
particularly good selection criterion.

Selecting younger patients for 
DET
The outcomes if the older patients are given 
SET are shown in Figure 37 and Table 52. Both 
require high SET rates to achieve 10% twin rates, 
although giving DET to the 20% youngest patients 
(under 30) could be attractive to some. However, 
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FIGURE 36  Maternal age distributions of couples receiving DET and SET under various polices to achieve a 10% twin rate. Selection 
procedures: (a) random; (b) full model; (c) age; (d) age + good; (e) four embryos + good; (f ) age + four embryos + good.

FIGURE 37  Predicted live birth and twin rates for single fresh transfer cycles with younger patients selected for DET. Results for 
random selection are shown for comparison.
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TABLE 52  Numbers of patients needed to receive SET in order to achieve a range of twin target rates for selection of older patients 
for SET, with and without an additional criterion that there is at least one top-quality embryo available for transfer

Twin rate Cut-offa Policy % SET Live births (%)

25% – All DET 0 24.3

20% –

Age > 33.8

Age > 33.3

Random

Reverse age

Reverse age + good

25.9

43.8

35.4

22.3

21.4

21.7

15% –

Age> 31.4

Age > 30.8

Random

Reverse age

Reverse age + good

48.9

65.9

54.0

20.5

19.5

20.0

10% –

Age > 29.6

Age > 38.7

Random

Reverse age

Reverse age + good

68.3

79.4

65.6

19.0

18.3

18.8

0% – All SET 100 16.5

a	 Interpolated – to exceed target would require rounding age upwards and embryo numbers downwards.

18

20

22

24

Pr
ed

ic
te

d 
LB

E 
(%

)

0

5

10

15

20

25

Pr
ed

ic
te

d 
tw

in
s/

LB
E 

(%
)

0 20 40 60 80 100

Inverse
Random

% SET
0 20 40 60 80 100

% SET

FIGURE 38  Impact of inappropriate selection, inverting the selection choice from the full model.

a success rate of 18.3% represents a 10% loss of 
treatment success compared with DET. Including 
a requirement that at least one good embryo is 
available improves the success rates, but these 
are still lower than if SET were used for younger 
patients.

Clearly in the fresh transfer the use of an 
appropriate selection policy can have a modest 
impact on clinic success rates. In order to assess 
the potential impact of inappropriate selection 
we consider the extreme case in which we use the 
full model to determine SET or DET but then 
invert the selection. This does not represent a 
realistic scenario, but serves to provide an upper 
limit on the potential impact of a poor selection 
policy. The results are shown in Figure 38. These 
results demonstrate that, while the gains from 

appropriate selection seem modest, the losses 
from inappropriate selection can potentially be 
significant. It is possible to have a SET rate > 80% 
and fail to meet a 10% twin target.

Precision of policy predictions

In order to estimate the precision of the policy 
predictions the estimates have been recomputed 
using 100 bootstrap samples of the data, refitting 
the model and recomputing the outcomes with the 
new data and model. The results of this exercise are 
illustrated in Figure 39. The outcomes (LBE and 
twins/LBE) are expressed as a percentage difference 
from the estimate for all DET in the bootstrap 
sample, as the absolute rates will differ between 
samples of the data. The errors are rather small. In 
practice, errors in differences between policies will 
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be strongly correlated, so these plots overestimate 
the errors when comparing policies.

Simulations of multiple 
fresh embryo replacement 
cycles
Given the statistical model developed in Chapter 4, 
we can readily compute the outcomes of multiple 
fresh transfers (i.e. with ovarian stimulation, 
egg retrieval and transfer). In this exercise we 
are not considering frozen transfers. In doing 
these calculations we need to allow for intra-
patient correlations beyond those induced by the 
covariates, which can readily be achieved using 
the estimates of the random effects obtained in 
Chapter 4 (see Intercycle correlations in the EU 
model). As this estimate is uncertain, we allow for 
values between zero and twice the observed value.

*Details of simulation method

Outcomes were computed using the main 
effects EU model developed in Chapter 4. For 
each simulation run we computed the outcome 
probabilities for 5000 patients, selected at random 
from the dataset, ensuring that couples were 
sampled only once. All clinical parameters were 
held constant over the multiple cycles, including 
embryo number and quality. We did consider 
allowing for variation in embryo yields between 
cycles, but this added complexity and did not 
materially alter the results. SET outcomes were 
based on the better of the two embryos. Prior to 

computing the probabilities a random effect was 
sampled from a normal distribution with standard 
deviation s for each patient and added to the U 
submodel for each cycle for that patient. Simulated 
outcomes were realised by sampling from binomial 
distributions with the predicted probabilities from 
the EU model.

Predicted outcomes

We can compute the number of LBEs and twins 
for each cycle and hence the overall LBE rate 
and number of babies produced from a series of 
several egg retrievals plus fresh replacement – i.e. 
without freezing. This reflects the current UK 
situation in which some centres do very little or 
no embryo freezing. Because for many patients 
two children is seen as the ideal outcome from an 
IVF treatment, we also computed the number of 
couples with two or more babies assuming that 
couples who are successful have a full number of 
cycles subsequent to the first LBE – this may not 
be realistic under current funding arrangements. 
Here we show outcomes for fresh transfers from 
a series of one to four SET cycles and one or two 
fresh DET transfers. We consider two variants of 
eSET: first, we considered eSET for all patients, 
and, second, we considered SET if there is at least 
one good-quality embryo (grade 3 or 4) and the 
patient is aged under 35, a selection policy that 
produces a low twin rate of 8% in this sample. 
These simulations included a range of estimates 
for the correlations between patients, with the 
random effect standard deviation taking values for 
0 to 1.6; this made little difference, so we present 

FIGURE 39  Precision of estimates of selection policies based on bootstrap resampling of the data. Shaded areas indicate the 95% CI 
around the estimates indicated by the lines. Data are shown for two policies, random selection (broken line) and selection using the full 
model (solid line), and normalised by the LBE and twin rates where all patients receive DET.
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the results for the observed standard deviation of 
0.8 only. The results are illustrated in Figure 40, 
where we see that two fresh SET cycles have better 
LBE outcomes than a single fresh DET cycle, and 
three SET cycles are roughly equivalent to two 
DET cycles in terms of live births. We do note 
that if all patients are given the full number of 
cycles, i.e. successful patients receive further cycles, 
then slightly more SET cycles are needed to get a 
‘complete family’.

The LBE rate is not linear in the number of SET 
cycles owing to selection effects; patients who have 
an LBE are not considered (in the computation of 
LBE) in subsequent cycles, which are consequently 
enriched with patients with a poorer prognosis.114 
The magnitude of the intracouple correlation does 
not have a great effect on the results here.

Simulations of ‘complete 
cycles’
In assessing any IVF treatment policy it is necessary 
to take into account the whole treatment course, 
including transfers of cryopreserved embryos. A 
treatment course of stimulation, egg recovery and 
replacement of all embryos created, fresh and 
frozen, is termed a ‘complete’ treatment cycle, 
and couples may undertake more than one such 
complete cycle in any attempt to produce a baby. 
Here we consider predicting outcomes of a single 
such ‘complete’ cycle.

The data provide reasonably reliable estimates 
of the success and twin probabilities, with some 

quantification of the uncertainty, and the EU 
models allow the estimation of outcomes for both 
SET and DET treatments in each individual. We are 
also able to extract information on the intercycle 
correlations (see Chapter 4, Intercycle correlations 
in the EU model). As noted in Chapters 3 (see 
The logistic regression models) and 4 (see EU 
modelling of the effect of frozen cycles) the routine 
data does not provide robust estimates of the effect 
of freezing embryos, and embryo-freezing policies 
and techniques are improving rapidly. In addition, 
data are only available for the embryos that were 
transferred; there is very little data on the embryos 
that were frozen or discarded, and any such 
information is seriously confounded by selection 
and freezing policies in different clinics. Additional 
information on the characteristics of all embryos 
created is needed from a different source.

Thus, to develop simulations across multiple cycles 
we combined the predictive models with a range 
of reasonable assumptions about freezing/thawing 
success and the loss in success due to freezing and 
additional data to estimate the distribution of 
embryo parameters.

The simulation model

We consider an idealised strategy for utilising all the 
embryos created in a given egg collection cycle:

1.	 First all embryos are graded and the best one 
or two are transferred as fresh embryos. We 
consider policies of SET, DET and selection 
for DET based on embryo and patient 
characteristics.
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2.	 Then all remaining embryos above a certain 
quality threshold (embryo grade ≥ min.grade) 
are frozen for subsequent use, providing 
there are sufficient embryos (≥ min.freeze) for 
freezing (many centres will not freeze single 
embryos).

3.	 For subsequent replacement cycles, batches 
of a fixed size (nthaw embryos per batch) are 
thawed at random (embryos are not always 
stored individually) for replacement. A 
proportion fail to thaw successfully (probability 
of successful thawing: pthaw). The best one or 
two are replaced under a SET policy or a DET 
policy or one based on patient and embryo 
characteristics.

4.	 There is no refreezing of thawed embryos.

*Simulation parameters

The EU model (main effects model of Chapter 4, 
Predictive models using the EU approach) gives 
predicted probabilities for a fresh replacement. 
In Chapters 3 and 4 we showed that frozen cycles 
have very similar predictors to fresh cycles but with 
an overall lower success rate. In the EU context 
this can be represented by a reduction (–Df) in 
the linear predictor for the E component. The 
fits of Chapter 4 (EU modelling of the effects of 
frozen cycles) indicate that a reduction of around 
1 is possible (corresponding to an odds ratio for 
embryo implantation of 0.37). We also consider a 
smaller offsets of Df = –0.7 (the smallest decrement 
across the centres in the dataset) and –0.25 
corresponding to odds ratios of 0.5 and 0.78, 
which represent values that may be achieved with 
improvements in freezing practice. For comparison 
we also consider Df = 0, no loss in viability due to 
the freezing process.

The fits of Chapter 4 (Intercycle correlations in the 
EU model) allow us to estimate the correlations 
between multiple cycles from a single egg 
collection, giving a standard deviation of 0.8 on the 
linear predictor scale. We consider values spanning 
zero to twice this value.

The data provide grading only for the embryos 
transferred. As part of another project35 we have 
a series of 266 unselected embryos (all embryos 
created from 61 egg retrieval cycles) with grading 
information using the same grading scheme. 
Exploratory analyses indicate that the embryo 
cell numbers and grades are largely independent 
of patient characteristics, thus we can use the 
distribution of grading parameters from this series 
to simulate the grades of the whole embryo cohort.

Overview of simulation process
1.	 First we sample a number of fresh cycles from 

the full dataset (ensuring no couple is sampled 
twice).

2.	 We then sample a number of embryos, as given 
by the number in the sampled cycle, from the 
set of embryo-grading data.

3.	 We select the best embryo(s) for transfer, based 
on the probabilities of success from the EU 
model. If a DET transfer is being indicated and 
only one embryo is available, a SET transfer 
is performed. Any embryos not meeting the 
freezing criteria (grade < min.grade) are 
discarded.

4.	 The EU model then gives the predicted 
outcome probabilities for the fresh cycle.

5.	 For the remaining embryos we select random 
batches (of size nthaw), remove a proportion (1– 
pthaw) at random to allow for failed thawing and 
select the best one or two for transfer. In the 
absence of relevant data, we assume that failure 
to thaw is independent of patient and embryo 
characteristics.

6.	 If there are no embryos for replacement, a 
cancelled cycle is recorded. Similarly, if DET 
is indicated, but only one embryo is available, 
then a SET cycle is simulated.

7.	 We predict the outcome probabilities for the 
frozen cycles using the EU model with an 
adjustment for freezing and allowing for the 
intercycle correlation.

8.	 This process continues (from step 4) until 
either there is a successful outcome or there are 
no more frozen embryos remaining.

*Some technical details of the 
simulation process

Random effects are sampled from a normal 
distribution with zero mean and variance s2, 
which is added to the linear predictor of U in 
each fresh and frozen transfer from that couple. 
This particular representation matches the 
computationally feasible model fitted to the EU 
model for which we have data – other alternative 
random effects could have been considered, but 
there were no data on which to base these.

The model gives probabilities for each replacement 
cycle. We compute the probabilities of success for 
all the cycles until there are no more embryos 
remaining. We then realise the probabilities using 
a multinomial distribution on a series of (typically 
five) replicate cycles and, for each replicate, 
truncate the series on successful outcomes.
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Five thousand cycles with five replicates give an 
expected 95% CI on an estimate of 20% of ± 0.5%

Adding a single frozen transfer 
to a fresh SET cycle

Figure 41 shows the simulated LBE rate across the 
towardSET? population for a fresh plus a single 
frozen transfer. Results are shown for a range of 
decrements in success for frozen embryo transfers 
(Df, where zero represents no loss in viability owing 
to freezing, and the average in the 2000–5 data 
was around 1), and we also consider two estimates 
of the proportions of embryos that fail to survive 
the freeze/thaw process (10% and 25%). Providing 
freezing quality is reasonable in terms of loss of 
implantation and recovery rate, one additional 
frozen SET can more than compensate for the loss 
in success owing to a fresh SET.

Complete treatment cycles

It is now recommended that a treatment cycle 
comprises the fresh transfer plus the freezing and 
transfer of all remaining good-quality embryos. 
Here we compare outcomes of complete treatment 
cycles in which we freeze all good-quality (grade 
3 or 4) embryos not transferred in the fresh cycle 
and thaw the number to be transferred with or 
without a spare for subsequent cycles. We compare 
policies of (1) SET throughout (SET + SET); (2) 
DET throughout (providing there are two embryos 

remaining) (DET + DET) and (3) SET for the fresh 
cycle with DET for the frozen cycles (SET + DET). 
Here we assume that there is no selection of 
patients for SET. The results are shown in Table 
53 and Figure 42, where we consider a range of 
freezing qualities and estimate success, twin rates, 
and the number of embryo transfer cycles required 
to achieve a live birth. As DET produces some 
twins, we also consider the number of treatments 
that would produce two or more babies if all 
embryos are eventually transferred.

Using the estimates of success following freezing 
given by the data, the overall success rate per 
egg collection is slightly lower for SET compared 
with DET. If, however, the loss owing to freezing 
were somewhat better – around the best seen in 
the data, DET and SET could give very similar 
per-egg collection outcomes, providing embryos 
were thawed one at a time. If one is prepared 
to thaw individual embryos, frozen DET is not 
advantageous as it requires the thawing of more 
embryos per transfer and therefore reduces 
the number of transfers available. Thawing 
individual embryos for SET does incur a penalty 
in cancelled cycles in those cases in which thawing 
is unsuccessful. The number of couples having two 
babies if all embryos are transferred is somewhat 
lower for SET unless freezing is very efficient.

The equality between SET and DET is maintained 
across the whole age range as shown in Figure 43. If 
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TABLE 53  Comparison of complete cycle SET with DET (based on 5000 simulated treatments)

Min.grade = 3
Min.freeze = 1
σ = 0.8

SET + SET
nthaw = 1

SET + SET
nthaw = 2

SET + DET
nthaw = 2

SET + DET
nthaw = 3

DET + DET
nthaw = 2

DET + DET
nthaw = 3

10% freezing failure: pthaw = 0.9

Data 
estimates 
Δf = 1

Success (%)a 29.4 26.6 29.5 27.9 32.5 31.1

Twin rate (%)a 0 0 3.2 3.0 20.7 20.3

ET cyclesa 2.3 1.7 1.8 1.6 1.4 1.3

2+ babies (%)b 6.1 3.8 6.5 5.4 10.5 9.5

Better 
freezing

Δf = 0.7

Success (%)a 32.6 28.5 32.0 30.5 33.3 32.0

Twin rate (%)a 0 0 4.3 5.1 19.8 19.9

ET cyclesa 2.4 1.8 1.9 1.6 1.5 1.4

2+ babies (%)b 8.1 5.0 8.4 7.0 11.4 10.4

Much better 
freezing

Δf = 0.25

Success (%)a 37.2 32.7 36.0 33.6 37.0 35.5

Twin rate (%)a 0 0 6.0 7.8 20.0 21.8

ET cyclesa 2.5 1.9 1.9 1.7 1.6 1.4

2+ babies (%)b 11.6 7.5 11.5 9.8 14.0 13.1

Perfect 
freezing

Δf = 0

Success (%)a 41.1 34.6 39.6 37.0 38.4 36.4

Twin rate (%)a 0 0 8.0 9.4 20.9 22.0

ET cyclesa 2.5 2.0 2.0 1.8 1.6 1.5

2+ babies (%)b 14.3 8.9 14.3 12.4 15.9 14.4

25% freezing failure: pthaw = 0.75

Data 
estimates

Δf = 1

Success (%)a 27.8 25.7 27.7 26.3 30.8 30.4

Twin ratea 0 0 2.1 2.8 21.4 20.8

ET cyclesa 2.0 1.7 1.7 1.5 1.4 1.3

2+ babiesb 4.9 3.5 5.2 4.7 9.8 8.9

Better 
freezing

Δf = 0.7

Success (%)a 30.7 27.0 30.2 28.5 32.1 31.9

Twin rate (%)a 0 0 3.1 3.4 20.6 20.9

ET cyclesa 2.1 1.7 1.8 1.6 1.4 1.3

2+ babies (%)b 6.5 4.5 6.8 5.7 10.9 10.1

Much better 
freezing

Δf = 0.25

Success (%)a 35.0 30.9 33.7 32.1 34.3 34.8

Twin rate (%)a 0 0 4.9 6.2 19.0 20.6

ET cyclesa 2.3 1.8 1.9 1.7 1.5 1.4

2+ babies (%)b 9.8 6.5 9.4 8.5 12.1 12.2

Perfect 
freezing

Δf = 0

Success (%)a 37.1 32.9 36.9 34.8 36.0 35.3

Twin rate (%)a 0 0 5.8 8.2 20.5 21.3

ET cyclesa 2.3 1.9 1.9 1.7 1.6 1.4

2+ babies (%)b 11.4 7.7 11.7 10.6 13.8 13.1

ET, embryo transfer.
a	 Until first LBE or no more embryos to transfer.
b	 Births per egg collection, replacing all frozen embryos.
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freezing preserves sufficient of the embryo viability 
and not too many embryos are lost during the 
freeze/thaw process, then complete cycle DET and 
SET are approximately equivalent across the whole 
of the age range. In Figure 43, the small differences 
between age groups are smaller than the simulation 
errors and should not be interpreted as having any 
meaning.

This equality of complete cycle DET and SET 
can also be shown across the range of patient 
prognoses. In Figure 44 we divide the patients into 
five groups according to their predicted LBE rate. 
There is no evidence of differential benefit of SET 
or DET across the prognosis groups. The same 
trends are seen if the loss in thawing is somewhat 
greater, except that a slightly lesser loss in success 
rate is required to achieve equality.

These results, although somewhat tentative given 
the assumptions required in the simulation process, 
do suggest, from the point of view of a complete 
cycle, that SET may be applicable to all patients 
and selection on patient characteristics is not 
necessary. This is investigated further in the next 
section.

Complete cycle treatments with 
patient selection

In this section we consider potential treatment 
policies that combine selection for SET using 
patient characteristics with complete cycle 
treatments. We consider a representative 
programme in which patients are selected for 
eSET providing they have at least three embryos 
of sufficient quality to allow freezing (grade 3 or 
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4), i.e. poor-quality embryos are not frozen. In 
addition, we consider selection of older patients to 
have DET regardless of the potential for further 
frozen transfers. In this example we assume that 
grade 1 and 2 embryos are too poor quality to 
freeze and just the number of embryos required 
for transfer are thawed for each frozen transfer, 
with the best one being transferred in patients 
below the age cut-off and two transferred in 
women above that age.The results are shown in 
Figure 45, which shows the outcomes for differing 
values of the freezing loss, Df. As can be seen, the 
effect of selection is rather small, which would 
be expected from the results above which show 
equivalence between complete cycle SET and DET 
across patient prognosis groups. In fact, in some 
circumstances the simulations indicate that patient 
selection (beyond that forced by circumstances) 

can lead to lower overall success rates, although 
the uncertainties inherent in this exercise would 
not allow us to say conclusively if or under what 
circumstances this occurs. What selection does 
achieve, in allowing DET for some cycles, is a 
shorter time to success and fewer cycles overall, but 
this is at the expense of an increased twin rate.

How many to thaw?

Embryos are typically not thawed out individually, 
but in batches. There is a trade-off between the 
number of embryos available to select the best 
from and the number of frozen cycles that one can 
have. Also, if only one embryo is thawed, there are 
potentially a significant number of replacements 
that have to be abandoned as the thawing process 
is not 100% efficient.
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Based on a pure SET policy Figure 46 shows 
simulated outcome measures as a function of 
the number of embryos thawed per batch. In 
this simulation we assume that only good-quality 
embryos are frozen (grade 3 and 4) and that single 
embryos will be frozen. The optimum in terms of 
overall success rate in SET is to thaw individual 
embryos, but this does lead to a proportion of 
cancelled cycles, which is virtually eliminated if two 
embryos are thawed. With one thawed embryo the 
average number of replacement cycles is around 
three. Thawing two embryos at a time reduces the 
per-egg retrieval success rate appreciably as fewer 
transfers can be performed – the average number 
of cycles is around two.

Which embryos should be 
frozen?
Due to reasons of cost-effectiveness and the risk of 
a failed frozen embryo replacement cycle, many 
clinics will not freeze single embryos. Here we take 
a standard complete SET policy with a minimum 
freezing grade of 3, thawing in batches of two (or 
single embryos if only one available). The results 
are shown in Figure 47 for a range of freezing 
quality (Df). Not freezing single embryos has a 
marginal effect on overall success (<1%), but if 
larger numbers than two are required to enable 
freezing then the loss is more substantial.
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FIGURE 46  Simulation of the effect of varying the number thawed prior to each frozen transfer in a compete SET policy setting. 
Upper panels assume that 10% of embryos fail to thaw (pthaw = 0.9) and the lower panels 25% (pthaw  = 0.75). 5000 simulated patients, 
simulation parameters: min.grade = 3, min.freeze = 1, s = 0.8. Top panels: 10% fail freeze/thaw. Lower panels: 25% fail freeze/thaw.
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Most centres do not freeze poor-quality embryos. 
There is a trade-off between the increased success 
rate from the few of these extra transfers enabled 
by preserving these embryos and the additional 
number of cycles with a very low probability of 
success. Figure 48 shows the success rate as the 
grade threshold for freezing is increased.

There is very little increase in success rate 
to be gained by freezing poor-quality (grade 
1 or 2) embryos and a big increase in the 
number of transfer cycles. This would be highly 
disadvantageous in terms of cost-effective 
treatment within the NHS and direct cost to the 
patient in the private or fee-paying sectors, and 
in terms of expenditure of time and emotion by 
patients. As would be expected, there is only real 
value in freezing grade 3 and 4 embryos.

Sensitivity to intrapatient 
correlations
The simulations above all assume a value of 
s = 0.8 for the standard deviation of the patient 
random effect, based on the model fits (Chapter 
4, Intercycle correlations in the EU model). This 
parameter captures the correlation between 
repeat cycles for the same patients, and was not 
well determined by the data with wide confidence 
intervals which included zero. We have repeated 
the simulations of complete cycle SET and DET 
with a range of values of s from zero to twice the 
best estimate to determine the sensitivity of the 
results to this parameter. The results are shown 
in Figure 49. There are no strong trends over 
the wide range of s considered and none of the 
conclusions are affected by the choice of s. There 
is some reduction in benefit of multiple cycles 
as correlation increases, but the ordering of the 
various treatments remains the same.
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Comparison with data from 
randomised trials
There are three randomised trials that have 
reported outcomes of multiple SET and DET 
transfer and the details of these are summarised 
in Table 54. One very small study17 gave similar 
outcomes for multiple SET and DET transfers 
in a population with good prognosis, although 
the confidence intervals do not exclude a twofold 
difference. Two trials10,15 compared a single 
fresh DET with two cycles of SET (one fresh, one 
frozen) in selected patients and showed roughly 
equivalent LBEs between arms, although neither 
trial was powered to detect anything but very large 
differences. SET reassuringly did reduce the twin 
rate to zero or close to zero – although even here 
the small trials do not eliminate the possibility of 
significant twin rates.

The simulation studies presented here indicate 
that for the two scenarios tested in the trials 
there should be close to equivalence between 
the treatments, as is observed, depending on the 
quality of cryopreservation and its implementation. 
Although the trial data provide only very weak 
evidence, it is consistent with the simulated results.

Discussion

The EU model allows direct predictions of 
outcomes of fresh DET and SET within the same 
patients. These predictions are dependent on 
the assumptions of the EU model, specifically 
the conditional independence of the embryo and 
uterine components given the measured covariates. 
There is no evidence that these assumptions are 
unwarranted, and the conformity of the model 

FIGURE 48  Simulation of the effect on success (per egg retrieval) and number of transfers of varying the minimum grade of embryo 
that will be frozen. 5000 simulated patients. (min.freeze = 1, nthaw = 2, pthaw  = 0.9, s = 0.8). Top panels: 10% fail freeze/thaw. Lower 
panels: 25% fail freeze/thaw.
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TABLE 54  Summary of randomised trials that include multiple transfer cycles

Trial Treatment

LBEs Twins per transfer

n % (95% CI) n % (95% CI)

Moustafa et al. 200817 DET cumulative

SET cumulative

19/40

18/40 

48 (33 to 63)

45 (31 to 60)

8/19

0/18

42 (23 to 64)

0 (0 to 18)

Lukassen et al. 200510 DET fresh

SET + 1 frozen SET

19/53

22/54

36 (24 to 49)

41 (29 to 54)

7/19

0/22

37 (19 to 59)

0 (0 to 15)

Thurin et al. 200415 DET fresh

SET + 1 frozen SET

142/331

128/330

43 (38 to 48)

39 (34 to 44)

47/142

1/128

33 (26 to 41)

1 (0 to 4)

predictions with those of the clinical trials (see 
Chapter 4 and above) gives confidence in them. 
The other major caveat is that the predictions are 
based on data from the 2000–5 period, and certain 
elements of clinical practice may have changed 
since then and success rates improved somewhat. 
Further work is required to confirm the validity of 
the models used in more recent datasets.

Monozygous twins are not considered in these 
simulations as the policies being investigated 
have no effect on the monozygous twin rate and 
currently monozygous twins are a small proportion 
of IVF twins. Some proposed and more invasive 
techniques, such as blastocyst transfer, have the 
potential to increase the monozygous twin rate 
and this may need to be considered more seriously 
when overall twin rates are lower.
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The direct predictions of ‘what if ’ scenarios for 
single fresh transfers allocating patients to DET 
or SET by a number of different algorithms 
suggest that the large (> 30%) relative loss in LBEs 
incurred in an eSET transfer can be somewhat 
ameliorated by appropriate selection of patients 
and treatment cycles (e.g. based on embryo number 
and quality) but not eliminated: the loss even with 
the best patient selection will still be significant. 
Age selection is attractive to clinics but is perceived 
as unfair by many patients (see Chapter 2). The 
work here suggests that from the point of view of 
the fresh cycle, selection by characteristics of the 
embryos available in the particular treatment cycle 
may be nearly as effective, although this too has 
problems with the lateness of the decision in the 
treatment process. One thing that is very clear is 
that inappropriate selection of patients can lead to 
high SET rates with high twin rates and still with a 
loss in headline live birth rates compared with DET. 
It will be important that clinics monitor carefully 
how their eSET policy works out in practice and 
that patient or clinical decision-making does not 
lead to such inappropriate selection.

Success and twin rates are patient population and 
clinic dependent. Some of these differences may 
be due to unmeasured, or imprecisely measured, 
population differences, and in the future these 
differences may be lessened by better data 
recording, the identification of better prognostic 
factors such as hormone levels, and, particularly, 
the adoption of uniform, quality-controlled 
embryo-grading systems. Nevertheless, it is likely 
that real centre differences in population and 
practice will remain. Therefore, we believe that it 
is not appropriate to adopt specific criteria based 
on this or any other work, rather the general 
principles need to be applied in an iterative 
manner to determine the appropriate criteria for 
each clinic and patient population.

When we come to consider multiple embryo 
transfers we have to rely on Monte Carlo 
simulations, and some of the required data are not 
well determined, so we have to consider a range of 
possible values. Nonetheless, the general trends are 
quite clear and not dependent on the parameter 
uncertainty, even if the actual estimates of outcome 
are. Providing the viability of frozen embryos is not 
too much reduced from the fresh embryo, a series 
of SET transfers from a single egg collection would 
be predicted to have very similar outcomes to a 
series of DET transfers. This result is consistent 
with the very limited trial data. The simulation 
data suggest that this may be true for all patients, 

not just those with good prognosis. Although this 
result may be sensitive to the assumptions around 
the distributions of embryo quality, it does suggest 
that if one takes a complete cycle perspective, SET 
might be advocated for everyone, and the issues 
over patient selection become redundant. Indeed 
in some scenarios patient selection may actually 
reduce the overall success rate over a complete 
cycle compared with SET for all. In this light the 
trade-off between DET and SET becomes a balance 
between the number of twin births and the number 
of transfers it takes to get pregnant, not overall 
success.

A complete SET policy would require more 
transfers, which would place a greater burden 
on the patients. Although, with intelligent NHS 
commissioning and private practice financial 
models basing funding on ‘complete’ cycles, the 
financial burden could be controlled, the emotional 
burden and time commitment would still be 
increased. Patients will need persuading that this 
burden is reasonable. In addition, even if the 
remaining embryos were transferred subsequent 
to a successful treatment, it is unlikely that the 
number of babies produced per egg retrieval 
(as opposed to LBEs) will be maintained, unless 
freezing techniques are greatly improved. This 
might disadvantage those patients who would like 
more than one child.

The present data do not allow any assessment as to 
the comparative burden on the NHS of complete 
SET; this requires a full economic analysis in the 
context of the full patient treatment in an attempt 
to have a baby. It may also be crucially dependent 
on the configuration of service provision and 
organisation, which may make frozen transfers 
more cost-effective.

The simulations suggest that a complete cycle 
approach has the potential to eliminate the loss 
in success rate owing to eSET, with the extra 
transfers available by using one embryo at a time 
compensating for the loss owing to the initial fresh 
SET cycle. However, this is dependent on good-
quality cryopreservation, both from the measures 
of success and from the point of view of patient 
credibility. Some work has been undertaken on 
the technical freezing techniques.122 The work 
reported here suggests that the policy concerning 
which embryos are frozen and thawed can have a 
significant impact; in particular, the willingness 
and ability to thaw single good-quality embryos 
can be advantageous, albeit at the expense of 
some cancelled transfers. Conversely, there is little 
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value in freezing poor-quality embryos. Although 
thawing single embryos is optimal in terms of 
success rates, the burden of cancelled cycles (both 
emotional and financial) needs to be considered. 
Single thawing is only likely to be acceptable if 
the loss rates are low and the number of cancelled 
cycles small. Careful economic analyses are 
required here that consider not just financial costs 
but also the patient’s trade-off between cancelled 
cycles and success chances.

Although the simulations can only be considered 
indicative rather than definitive, they do 
suggest that providing there is a good-quality 
cryopreservation programme, complete cycle 
SET can match or even outperform DET over a 
complete egg retrieval plus replacement cycle. If 
one takes this complete cycle perspective, then 
the selection of patients for DET may become less 
relevant, with the trade-off being the number of 
twins versus the number of frozen transfers and 
time to get a successful outcome, rather than the 
overall success rate. The issues around funding 
for the freezing, storage and extra cycles does of 
course remain, as does the additional burden on 
patients of longer treatment courses. In terms 
of developing eSET policies it may be more 
important to focus on freezing issues rather than 
patient selection. But this would require a strong 
refocusing of attention away from the fresh transfer 
and towards cumulative outcomes.

This simulation work has not considered the 
potential for embryo selection, by either invasive 
(genetic screening) or non-invasive (metabolomic) 
procedures or by extended culture (blastocyst 
transfer). Although the methods used here could 
be extended to cover such possibilities, the data on 
which to base such simulations are not available. It 
will be important to consider such approaches in 
future simulation work. For invasive techniques, it 
is not clear whether the increase in success rate in 
the fresh cycle will exceed the losses incurred and 

the consequent lack of embryos for frozen transfer. 
Although non-invasive methods may not increase 
the overall success rates they may effectively bring 
forward successes, requiring fewer treatments and 
saving both cost and patient burden.

Summary

In the fresh transfer following egg retrieval a SET 
would lead to a reduction of approximately one-
third in the live birth probability compared with 
a DET. From the population or clinic perspective, 
selection of patients based on prognostic indicators 
might mitigate about half of the loss in live births 
associated with SET in the initial fresh transfer 
while achieving a twin rate of 10% or less. A 
number of strategies based on the woman’s age 
and the number and quality of available embryos 
perform broadly similarly.

Any meaningful comparison of IVF treatments 
must take a complete treatment perspective, 
comparing success rates after use of all available 
frozen embryos from an egg-retrieval procedure. 
Our data-based simulations suggest that if all 
good-quality embryos are replaced over multiple 
frozen embryo transfers, then repeated SET has 
the potential to produce similar or even more LBEs 
than repeated DET, and this is likely to be true for 
all patients. This critically depends on optimising 
cryopreservation procedures. Universal SET could 
potentially both reduce the number of twin births 
and lead to more couples having a child, but at 
an average cost of one more embryo transfer 
procedure per egg retrieval.

Although the detailed results provide indicators as 
to appropriate policies, it is likely that the detailed 
algorithms will be treatment and centre specific, 
and an iterative development of centre policies 
will be required, which could be based on those 
developed in this project.
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This chapter describes the methodology and 
results from two focus groups that were 

conducted in order to access patients’ views on the 
results of the statistical modelling and potential 
approaches to twin reduction policies. The aim 
was to use the modelling results to investigate with 
patients the acceptability of SET in the context 
of specific treatment scenarios within the current 
regulatory, funding and clinical environment.

Focus group conduct and 
analysis methods
Focus groups
Focus groups were chosen as a suitable method 
as they have been successfully employed to assess 
a range of views in health-care settings;123 they 
are also a format whereby it is possible to explore 
sensitive issues.4,5 In order to facilitate maximum 
face-to-face group interaction, groups consisting 
of between six to eight couples were sought. This 
group size is considered ideal when dealing with 
knowledgeable participants.124 More recently, 
online focus groups/forums have gained in 
popularity and acceptance. These ‘virtual’ groups 
have the advantage of being accessible to people 
across a large geographical area, they reduce the 
influence of the facilitator and they allow people to 
interact in a comfortable and familiar setting.125

Development of the focus group 
presentation

The focus group had the specific aim of informing 
patients of the study in general and feeding 
back the results of the statistical modelling, thus 
the groups were structured to achieve these 
goals. In order to achieve this brief a powerpoint 
presentation was developed in conjunction with the 
principal investigator (SR), who is also a statistician. 
That presentation is available as an appendix to 
this report (Appendix 2) and reflects the state 
of the modelling and interim conclusions at the 
time of writing. The presentation raised issues 
about proposed policy changes and displayed the 
preliminary findings from the statistical modelling 

studies in a user-friendly format. This was designed 
to stimulate discussion and debate and to provide 
information on potential treatment choices. 
Questions were embedded within the presentation, 
but participants were actively encouraged to state 
their own opinions and generate questions for 
the researcher to answer. The intention was that 
the presentation addressed the following three 
objectives, each with time allocated specifically for 
questions (see Appendix 2):

•	 To give an overview of the project
–– opportunity for open questions.

•	 To discuss draft guidelines regarding single 
embryo transfer
–– structured questions.

•	 To show statistical analysis of datasets and 
treatment options
–– structured questions
–– opportunity for open questions.

The presentation was slightly modified for the 
patient organisation participants, guided by the 
Director of Infertility Network UK, as this group 
accessed the material directly in an online forum 
on the organisation’s website. An additional slide 
was included to address any distress that the 
presentation might evoke, and relevant contact 
details included.

Setting and sample

The initial study design outlined a plan to recruit 
two focus groups (one NHS, one private) then 
to validate the findings with a third NHS group. 
However, recruitment at the private clinic was not 
successful, so the research team made the decision 
to access a patient organisation group (Infertility 
Network UK) and to run the ‘focus group’ or 
consultation within the context of an online forum.

Recruitment

A sample of convenience was sought in order 
to access participants. It was envisaged that 
this would result in a diverse sample. It was not 
possible to purposively sample patients on specific 

Chapter 6  
Patients’ reactions to policy options: 

focus groups
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characteristics as the recruitment method of 
open advertising did not allow for this. Sample 
characteristics, for example age, stage of treatment, 
funding source, etc., cannot be identified unless 
specified by the participants in their responses. 
Thus, the groups were self-selecting from a cohort 
of patients either undergoing, or who had recent 
experience of, IVF treatment.

Sample 1 – NHS  Patients were invited to participate 
in a structured focus group by means of a poster 
placed in the clinic waiting room. Patients who 
were interested in the study were asked to request 
an information pack from the nurses in the clinic. 
They then took this home with them and replied 
to the researcher using the invitation slip if they 
wished to be contacted. In total 40 packs were given 
to the clinic, 30 packs were taken away (although it 
is not possible to certain that these were read) and 
the researcher had 10 positive responses. Following 
telephone conversations with the researcher, three 
couples and two women agreed to participate 
(n = 8). However, on the evening the focus group 
was held, one couple phoned to say that they were 
delayed by heavy traffic and would not be able to 
get to the hospital on time, and one woman did 
not attend. Thus, the final sample consisted of two 
couples and one woman (n = 5).

Sample 2 – private clinic  The same recruitment 
procedure was used as that outlined for the NHS 
clinic above. Twenty packs were placed in the clinic, 
and, although 10 were taken away, no volunteers 
emerged at this site. In discussion with the clinic 
staff this was thought be owing, at least in part, to 
the distance patients would need to travel to the 
clinic for a specific time and date which might 
not have fitted with their treatment schedules. 
It was decided that recruitment was likely to be 
unsuccessful and so no further attempts were made 
at this centre.

Sample 3 – patient organisation  The recruitment for 
the online forum group was conducted with the 
help of two key staff members [the director and 
the IT (information technology) officer]. A similar 
format to that used in the NHS setting was adapted 
for the online environment. Thus, the poster and 
information sheet were posted online. In addition, 
the researcher produced a short biography with 
a photograph in order to introduce herself to 
the audience. A brief outline of the project was 
also available. The IT officer announced the 
project online and a dedicated forum space was 
allocated where participants could either post to 
a shared forum or post privately directly to the 

researcher. The forum was opened for 1 month 
for the purpose of this study. During this time 622 
viewings of the site were recorded, and this resulted 
in 10 online forum postings and one private 
response to the researcher. Further data have been 
accumulated since this study period and will be 
added at a later date.

Conduct of the focus groups

NHS group
Patients who consented to take part were sent 
a formal invitation stating the time, date and 
location of the focus group. This pack also 
contained patient information and a consent form 
(which participants were advised to return by 
stamped addressed envelope). This group was held 
in the NHS clinic. Arrangements were made for the 
group to run in an evening for approximately one 
and half hours.

The group was conducted by two facilitators, one 
to present the findings and answer questions and 
queries (LMcG), and the other to maintain the 
recording equipment and take fieldnotes (Diane 
Escott).Participants were greeted warmly on arrival 
and refreshments were freely available. Initial 
introductions were made and the consent process 
was outlined, which included group consent to 
digitally record the session. Consent forms were 
available for those participants who had not 
returned their initial forms. Prior to the powerpoint 
presentation ground rules were established with the 
group. Anonymity and confidentiality were assured, 
and participants agreed that everything that was 
said in the room should remain confidential. 
Participants were informed that anonymised quotes 
might be used in future reports and publications, 
but that they would not be identifiable in any way. 
The timing of a mid-point break was also agreed. 
Although the presentation had ‘built in’ questions, 
participants were encouraged to ask questions and 
discuss concerns at any point.

Online group
Many of the principles of a face-to-face focus 
group are applicable to the online environment (as 
outlined above). Key differences included the fact 
that the online participants were not required to 
give formal consent as they were ‘volunteers’ within 
the context of a patient organisation. However, 
a patient information sheet was posted online, 
as well as information about the researcher, the 
study in general, and any relevant contact details. 
Although, confidentiality and anonymity were 
assured, it should be noted that participants within 
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all the forums and chat rooms had been already 
anonymised according to Infertility Network UK 
policy and the research team had no access to any 
individual’s identity. The researcher (LMcG) was 
also guided by the rules of Netiquette, as described 
by Virginia Shea,126 in order to facilitate productive, 
safe and ethical interactions within the online 
environment.

Data analysis

The findings from the transcribed verbatim data 
of the NHS group and the transcripts from the 
online group were integrated with the original 
thematic framework from the patient interview 
data where themes and subthemes were repeated. 
Emergent themes and subthemes were added to 
this framework and redundant themes removed. 
This process was guided by framework analysis 
(Ritchie and Lewis,127 Ritchie and Spencer106). 
Analysis involved three main stages of data 
management, providing descriptive analysis of the 
data then explanatory accounts. This analysis was 
co-conducted by two researchers (LMcG; Diane 
Escott). The data were first collated in a matrix. 
The next stage concerned a descriptive analysis 
of the charted data. Further synthesis of the data 
involved the researcher interpreting the data in a 
more conceptual way by studying the charted data 
and abstracting further descriptions and categories. 
The final stage comprised an explanation of the 
data as a coherent whole by establishing patterns 
and applying the data to wider policy.

Findings

The above process resulted in a final framework 
which incorporated four main themes and several 
subthemes (Table 55). The majority of the data 
fitted well into the original thematic framework 
developed from the patient interview data (see 
Chapter 2). To allow for cross-comparisons the 
original numbers applied to this framework have 
been used. New and emergent themes which were 
identified in the focus group data are displayed in 
italics. Quotes are identified by line number and 
group (e.g. focus group or online).

Theme 2: Views on policy

Subtheme 2.1: Views on introducing a 
SET policy
Views and opinions towards a SET policy generated 
a lot of discussion in both the face-to-face and 
online groups. On the whole, participants did 
not favour a change in policy, and questioned the 
need for this change. Several reasons were given 
to support this opposition. Some participants were 
not convinced by the risk profile they had been 
given:

Erm, yes and no, I mean, I don’t … personally 
I don’t even remember what the risks are from 
natural, IVF, you know, overall (L1380–1). I 
know that there are risks, I’ve been told about 
premature risks and that but so far, there 
doesn’t seem, I can’t see how, you know, what 
justifies such a drastic move as to say, right 

TABLE 55  The main themes and subthemes from the focus group data based on the themes from the interview data of Chapter 2

Main theme Subthemea

2. Views on policy 2.1 Views on introducing a SET policy

2.2 Personal choice regarding SET

2.4 Source of funding

2.5 Policy drivers

2.6 How can we encourage the uptake of SET?

3. Views on multiple birth 3.1 Attitudes/beliefs towards multiple birth

3.2 Perception of risk from multiple birth

5. Experience of treatment 5.2 Emotional effects of treatment

7. Reaction to the presentation of statistical modelling results 7.1 Calculating the odds

7.2 No change of opinion

7.3 What happens next?

a	 New themes/subthemes that emerged from the focus group data are shown in italics.
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okay we’ve got to go for a single (L1385–7). 
And I’ve seen nothing so far that’s convinced 
me it’s necessary at all (L1393).

 (Focus group)

Many participants suggested that the physical 
and emotional burden of treatment was being 
marginalised by policy-makers:

I strongly urge anyone making decisions on the 
patients behalf, to consider the impacts of SET 
on the emotional mindset of those patients 
– desperate for their chance to conceive and 
have a take-home baby – as well as the physical 
ones it takes to put oneself through the turmoil 
of further treatment. It is all very well to be in 
that position of trust, with letters after one’s 
name but it’s vital you do speak for the patient 
with the views of a patient at the heart of this 
matter.

(L70–5, online forum)

Later in the posting she states:

Sounds simple to do SET but for those for 
whom it doesn’t work, it elongates the misery.

(L98–9, online forum)

However, one participant did favour SET, as long 
as pregnancy rates were not reduced:

I noted that the HFEA have set a target to 
reduce the multiple birth rate from IVF/
ICSI treatment down to 10%. This is a 
commendable target to achieve, as long as 
clinical pregnancy rates are not affected 
overall. As far as I can see, this would mean 
targeting patients perceived to be at higher risk 
of twin pregnancy and offering them SET.

(L223–7, online forum)

Subtheme 2.2: Personal choice regarding 
SET
Personal choice regarding the decision to opt for 
SET or DET was often influenced by previous 
experience. For this woman, post miscarriage, DET 
was deemed to be the only option:

One final point, I had actually intended a 
path for myself of two SETs then a third DET 
as final go. I got pregnant with my first SET 
but miscarried at 12 weeks. I was by then 
another year older and given a 20% chance 
of pregnancy with DET. All I wanted was to 
be pregnant again, so I went for a DET and 
maximising my chances. What I am getting at 

is I would have needed some pretty intense and 
effective counselling to change that mindset 
post miscarriage … I am not sure if that even 
exists.

(L90–5, online forum)

Another participant had opted for SET because 
it was the clinic preference, and particularly her 
personal choice:

I think we’ll be having just one put back 
because our clinic is SET all the way. But if they 
gave me a free choice then I would risk it and 
put two back.

(L397–9, online forum)

The following woman felt that imposing SET was a 
direct threat to personal choice:

But to … to have that choice taken away it’s just 
… it’s very, very difficult and that final … that 
last bit there about what sort of education that 
I should need (L466–7). I think you’d need 
a hell of a lot more than what we’ve got now 
(L471).

 (Focus group)

Subtheme 2.3: Improve your odds
For many participants choosing DET was associated 
with improving their chances of a successful 
outcome, and, when this was related to other 
factors such as treatment experience, DET became 
the obvious choice:

You can’t take the emotion out of this. I’ve just 
had a SET – not through choice, but because 
there was only one embryo to transfer. And 
if last week, someone had offered me the 
choice of another embryo being transferred 
or another cycle, I would have leapt at the 
chance of that second embryo, no hesitation. 
25% or 16% chance of success for 35 and over? 
Another egg collection and more injections, 
more drugs or that extra transfer? There’s no 
contest.

(L204–9, online forum)

The following participant chose DET because she 
rationalised that, despite the associated risks, DET 
would improve her chances of pregnancy and a live 
birth of at least one child:

There’s a risk of losing, erm, one of the babies, 
but that there’s a risk and there’s up to one 
in three miscarriages anyway with a singleton 
(L1347–9). Then you can almost think if you’re 
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going to be real cold and think, I want a baby, 
well okay them, if I’m having twins and I lose 
one, I’ve still got one (L1355–6). You know, 
like, if I’m pregnant and I lose the one, then 
I’ve got to start all over again and you … things 
like that … (L1360–1)

 (Focus group)

Subtheme 2.4: Source of funding
One participant noted that the same policy should 
apply to self-funding patients, if the reason for the 
policy was related to reducing risk rather than cost:

But the reason for them saying this about 
the NHS that, is the fact that there could be 
problems, risks for the mother, etc. … (L667–8) 
… that would be nothing to do with cost, would 
it? (L672) So it would have to be the same in 
private as in the NHS … (L676) … because 
they haven’t [voices overlap 28:11] a risk of a 
premature birth … (L680) … and you could 
lose one baby or … (L684) So you would have 
to be the same for them as well.

(Focus group)

Again, as sense of unfairness regarding the timing 
of the proposed policy change was raised:

… but then for a couple that’s paid four 
thousand pounds are able to have two and end 
up with twins just like, somebody that goes, you 
know, six months later… (L694–6) … and only 
had one but pays the same amount of money 
(L700). But then again, you don’t know when 
they’re going to change the rules, but it would 
have to be the same for both (L704–5).

(Focus group)

The costs associated with private treatment were 
a driving factor for some when choosing between 
SET or DET, particularly when this was added to 
the burden of treatment:

We had already made the decision that there 
would be no further treatment for us due to 
the impact it was having on my health, and 
because financially we have exhausted all of our 
resources after spending in excess of £15,000.

(L134–6, online forum)

Subtheme 2.5: Policy drivers
As with the patient interviews, some participants 
felt that those undergoing IVF treatment were 
being unfairly targeted when compared with 
other groups, and that SET was principally being 
promoted to reduce NHS costs:

When you’ve got … you can see all these, like, 
sixteen-year-olds [inaudible 56:44] and they 
say, they tell you shouldn’t drink and you 
shouldn’t smoke but you see people that are 
having babies that are drinking and smoking 
… (L1451–3) Drinking and smoking! (L1455) 
… and then you come to have IVF and it’s like, 
they want to know, like, fine details about your 
personal life… (L1457–8) … and on top of 
that, they seem to be trying to take it away from 
you even more (L1462). Yeah (L1464).

(Focus group)

However, another woman could see value in 
encouraging patients to choose SET:

I’ve just had a read through this [presentation] 
… all very interesting and I can see what 
they’re trying to do; twin pregnancies are more 
risky to both mum and babies – and I suspect 
also more expensive to the NHS … ? So it does 
make sense in one way – keep people safer and 
reduce the financial burden on the NHS.

(L365–8, online forum)

Subtheme 2.6: How can we encourage 
the uptake of SET?
As part of the consultation process the researcher 
asked both groups how the uptake of SET could be 
encouraged, given that this policy was likely to be 
implemented. The following participant identified 
funding and service issues as significant barriers:

The funding issues and the waiting lists need to 
be sorted out before you will get many people 
signing up for SET in my opinion. The idea 
that some PCTs require people to have been 
trying for 5 years before they can get IVF is 
awful – and then the NHS wonders why people 
want to give themselves every possible chance? 
And why so many of us would consider twins as 
a perfect outcome? Hmmm!

(L391–4, online forum)

Another participant felt that blastocyst transfer 
should be encouraged as she had read a research 
paper which stated that this form of treatment had 
higher rates of success:

… to encourage SET I think that the NHS 
should include funding of blastocyst culture 
(where funding is offered). We have just had 
our one and only funded ICSI cycle and yet 
still had to pay £800 for blastocyst culture. 
Even in non-NHS funded cycles, perhaps 
the NHS would consider at least funding the 
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blastocyst culture fee and possibly also the 
freezing of any spare embryos.

(L232–7, online forum)

Theme 3: Views on multiple 
birth

Subtheme 3.1: Attitudes/beliefs towards 
multiple birth
In line with the data from the patient interviews 
(see Chapter 2), twins were seen as a positive 
outcome and any associated risks were viewed as 
acceptable. In the focus group all three women 
were in agreement that twins constituted a good 
outcome, for example:

And you know when you get to that point 
you just think, yeah, give me two, its fine! I’m 
happy with that (L326–7). So, I … yeah, that’s 
my opinion (L331). I think that would be 
absolutely great, I would be happy with that to 
be honest (L335–6).

 (Focus group)

Participants expressed doubt that the ‘experts’ 
themselves were not sure about the absolute risk 
values:

I don’t know whether you, whether you, might 
just end up being a little bit cynical if you think 
about it like that but, you’re absolutely right, 
they can’t tell you, 24% is multiple births but 
only 2% of that 24% results in something going 
wrong (L619–22). If that’s the case, again, it’s 
not a lot is it? (L626). Is it a risk that people 
are worth taking? (L630).

(Focus group)

One woman referred to a recent media report 
where an ‘expert’ had compared the risk of 
multiple birth to that of undergoing repeated IVF 
cycles. This was met with approval from the group:

I would [have DET]. Also, I read something 
when, erm, there was talk of this on the news 
[inaudible 47:31], erm, there was a doctor 
and I can’t remember his name, [inaudible 
47:38] he said, erm, that he thought that, erm, 
it should be taken … if you’re going to say, if 
you’re going to go and compare the risk of 
multiple births for people that are having IVF 
treatment, then you want to compare with, 
erm, you need to compare it with having two 
pregnancies because people generally do want 
more than one child.

(L1171–6, focus group)

Subtheme 3.2: Risk perception from 
multiple birth
Several participants showed awareness of the 
increased risks associated with multiple births, but 
deemed these risks as acceptable given the context. 
For the following woman, in private treatment, 
costs were also a consideration:

Last week my clinic asked me for my views 
on the subject and in no uncertain terms we 
told the clinic that we were aware and accept 
the risks of a multiple birth, indeed we would 
welcome it. The reasons are many: after waiting 
this long the arrival of two babies would be 
a double blessing; my chances of having one 
healthy baby are doubled; I am 33, healthy and 
I don’t smoke; if I wait for the NHS to start my 
treatment it will be at least 2 years so we need 
to self-fund. I am sorry but the sheer cost has 
to be a consideration also. At our clinic the rate 
of survival for twins born in the higher end of 
the 24–28 weeks is good, though at the lower 
end of this scale the chances of disability are 
80%. A scary statistic but one I am willing to 
take.

(L421–3, online forum)

This was a particularly emotional issue for one 
woman who had lost one embryo following DET, 
but went on to have a live birth:

I’m against SET. We finally had a beautiful baby 
[identifier removed] when I had two embryos 
put back nearly 4 years ago now. Obviously 
one failed – and if that had been the only 
one we’d had then of course she wouldn’t be 
here now (L157–9). This is such an emotional 
issue. I understand all the logic involved, but 
sometimes you need to ‘feel’ an argument 
(which obviously won’t happen). But we all 
want to be given the best chance of success. 
Even with the pre-eclampsia, I would still 
happily have borne the risk of twins as this was 
my last shot at being a mummy. And if I’d had 
SET my beautiful baby might not even be here, 
and that thought is completely unimaginable 
(L166–9).

(Online forum)

As with the patient interviews (Chapter 2), many 
participants viewed twins as ‘normal’ and had 
experience of interacting with twins in everyday 
life. This further normalised twin pregnancy and 
birth, thus minimising the risk profile:
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It’s just, sort of, like, you know, yes you might 
have to be monitored a bit more than … and 
yes your baby might be little at birth. I’m 
Godmother to twin boys and they are, you 
know, fantastic when they were born, fine, 
healthy, erm, she said she didn’t want to push 
out the second one because she got too tired! 
[Laughs]. But, you know, that type of thing, 
that’s the only risk that she had. So you see 
that and you see something else and, like I 
say, you’d turn around and say well if you get 
pregnant with twins you’re [voices overlap 
50:32].

(L1244–9, focus group)

Theme 5: Experience of 
treatment

Subtheme 5.2: Emotional effects of 
treatment
It was clear from the patient interviews and the 
focus groups that the emotional effects of IVF 
treatment play a large role in the decision-making 
process. While this was a distinct subtheme, 
discourse surrounding the emotional issues 
associated with treatment pervaded most of the 
other themes. This is illustrated by the quote 
below:

It’s like, you don’t want to be here [voices 
overlap 1:05:49] (L1719). And you’re always 
going to have, I think you’re always going to 
have the emotional side that far outweighs the 
facts and figures … (L1721–2) … they need 
to be there and yeah, it’s good that they can 
give it to you, I think you’re always … just the 
fact that we’ve got to this stage, means you’ve 
had some period of wait, and some period 
of trying, so that says it all really doesn’t it? 
(L1726–8). All that time, your emotion’s built 
up and, you know, you’re going to have a lot of 
points to make! [laughing] (L1732–3).

(Focus group) 

Theme 7: Reaction to the 
presentation of statistical 
modelling results
One of the main aims of this part of the study was 
to present the modelling results to patients in a 
user-friendly format, to assess the acceptability of 
the various treatment scenarios. The presentation 
(see Appendix 2) was used to convey fairly 
complex information from the statistical analysis. 
The researcher was on hand, either physically 

in the focus group or online, to provide added 
information and answer questions and queries 
as required. This presentation was well received 
by both the face-to-face and online groups. 
Participants were happy that their views were being 
sought, and were keen to have an influence on 
policy implementation.

Theme 7.1: Calculating the odds
The presentation of the treatment scenarios 
prompted participants to weigh up the 
probabilities of their own treatment success. There 
was a sense that they were attempting to work out 
which combination of treatment had the highest 
success rate. The following quote was in response 
to the researcher explaining that SET followed by a 
frozen embryo cycle had approximately equivalent 
outcomes to that of a DET:

Can I ask … what the basis are for them saying 
it’s, err, a single embryo transfer plus a frozen 
one is the equivalent of a double one … (L989–
90) … so what about, like you said before, if 
you have your double embryo transferred and 
that doesn’t work and then you have the frozen 
embryo transferred then surely your chances 
are even higher (L1002–4) … so surely then, 
if in the first place you have a double embryo 
transferred but you’re not successful then you 
go on and have a frozen embryo transferred, 
surely the chances are higher because you 
can put your two back in the first place if that 
doesn’t succeed then you go on the frozen 
… (L1029–32) … if the chances are low with 
a single one, I don’t know, I’m not sure I’m 
making sense … (L1036).

(Focus group)

The following woman had contextualised the 
treatment scenarios in terms of how these would 
affect her chances of treatment success:

In terms of the success rate going down, it is 
such a big drop for me when I see it like that 
[in the presentation]. I think it is from a one in 
four success rate to a one in six – that is quite a 
drop. When you find yourself in this position, 
you don’t tend to think that the odds are in 
your favour anyway, so we definitely want to do 
all we can to increase those odds. We are doing 
so many things already on a daily basis – both 
of us – just for that hope that it might help, it 
then seems almost foolish to knock our chances 
by such a degree.

(L333–40, online forum)
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Several participants raised the point that the 
presentation had not directly addressed the risks 
associated with IVF treatment when discussing 
treatment options. The following woman noted 
that the health risks for women having repeated 
IVF cycles could be compared with the risk to 
mothers and babies in multiple births:

Have the implications for the woman’s health 
been considered of having greater numbers 
of cycles? IVF in itself isn’t without its risks. 
There’s nothing in your presentation to weigh 
the risks of IVF against the health risks to 
mother and child/children (sorry if I’ve missed 
it) of DET. From a personal perspective (and 
I know this may be limited to me), four IVF 
cycles have not had a good effect on my overall 
health.

(L196–200, online forum)

An active conversation ensued surrounding the 
pros and cons of using frozen embryos. The 
researcher noted that there was a lack of knowledge 
and understanding of frozen embryo transfer, in 
terms of treatment process and relationship to 
success rates. The researcher then explained:

This is where, yeah, the thing about frozen 
embryos is, this is where the research is really 
changing a lot, and, like I said, there’s actually 
been new data come out recently to say that 
because the environment isn’t stimulated, 
frozen embryos actually do better when they’re 
implanted back in. But, like you say, there’s 
a certain amount of loss still at thawing, the 
thawing process.

(L1095–9, researcher)

And so that has a good success rate … (L1110) 
… erm, telling that to somebody who’s, you 
know, percentages are a bit higher, then they 
might opt for SET knowing that the frozen egg 
has a better chance of taking than putting two 
back in when the odds aren’t great (L1114–16).

(Focus group)

Subtheme 7.2: No change of opinion
Although the presentation was not designed 
to change opinions, it was of interest to see if 
presenting the modelling results and treatment 
scenarios had influenced the patients’ perspectives 
in any way. However, there was no evidence of 
this in the discussion with either the focus group 
or the online forum participants. However, many 
participants commented that the extra information 

was helpful, particularly in terms of treatment 
decisions. For some the results appeared to 
reinforce their original viewpoints:

I just think they seem to give you the data 
and it is as near to damn it as, you know, you 
can get …( L1549–50) … but I don’t know, I 
personally, seeing that, that’s great because 
you’ve explained it all very, very well, but 
I’d still have the same opinion … (L1554–5) 
… and I don’t know whether giving people 
that kind of information, it helps them, you 
know, they can have more, you’ve got more 
knowledge about it now, I suppose, but I still 
don’t think it will change the decision and how 
do you make sure they do [laughing] (L1559–
62). I’ve looked for more information and I’m 
assuming that we’ll get it tonight so my initial 
thoughts were before we came here definitely, 
you know, given [coughing] [inaudible 1:01:04] 
… (L1564–6) … but I thought maybe I’ll go 
and see them tonight but all I feel now is that 
I’ll still go for double but I’m making an even 
more informed decision than I was before … 
(L1570–2).

(Focus group)

For this woman the sheer burden of treatment 
cancelled out any of the proposed benefits 
associated with the multiple cycle treatment option:

Although the presentation talks about offering 
an additional cycle to couples, the stress of 
having a cycle shouldn’t be underestimated. 
Personally, I would rather have DET than 
another cycle (L201–3). From my perspective 
there is nothing in your presentation that 
would make me change my mind about 
multiple embryo transfers (L412–3).

(Online forum)

Subtheme 7.3: What happens next?
A few participants expressed concern about when 
the SET policy would be implemented in their 
immediate clinical setting, as they were concerned 
about how this would affect their treatment:

Can it be made public [the guidelines for the 
local hospital]? (L1824) … this hospital, say, 
for instance, and they put down to us, the 
guidelines that they’re going to try and enforce 
… we should be able to ask, we should be able 
to know, shouldn’t we, what their intentions 
are? (L1834–5).

(Focus group)
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The participants in both groups said it was 
important to listen to the patient perspective and 
valued the opportunity to express their opinions. 
However, one woman questioned whether the 
‘experts’, governing bodies and policy-makers 
would actually listen to the patient ‘voice’:

I just wondered whether, you know, whether or 
not they do actually read the stuff (L1781) … 
just think, I mean, in some ways I’m going to 
say it sounds like, you know, you will go back 
to them and say, look, you know, it’s probably 
not such a good idea, I’ve got all this stuff, they 
might just say, oh we don’t want to listen to 
what they’ve got to say, I mean … (L1796–8)

(Focus group)

Discussion

The aim of this patient consultation study was to 
access patients’ views on the results of the statistical 
modelling element of the main study, gauge 
reactions to the proposed policy change towards 
SET, and explore treatment options. Consistent 
with the findings from the interview study (Chapter 
2), the majority of participants from both the face-
to-face focus groups and the online forum showed a 
preference for DET. The reasons for this preference 
were broadly in line with the patient interviews. 
Participants felt that SET would lower their chances 
of success and could potentially expose them to 
more prolonged treatment. Twins were seen as a 
positive and not a negative outcome of treatment. 
The emotional, physical and, in some cases, 
financial burden of the IVF treatment journey was 
highly prevalent in both groups. These findings 
are in line with the wider research literature (e.g. 
Porter and Bhattacharya,25 Blennborn et al., 21 
Glazebrook et al.111).

This study has shown that patients undergoing 
IVF treatment are amenable to voicing their 
views and opinions in an open forum (either 
focus group or online forum). The participants 
welcomed the opportunity to comment on policy 
initiatives. Furthermore, participants liked the 
presentation and, on the whole, understood the 
content. They were able to digest quite complex 
statistical information in a relatively short space 
of time. They also found it useful to have the 
researcher on hand to answer any queries or 
concerns. Although the presentation was not 
designed to change views and opinions, the 

researcher did ask all participants whether the 
extra information regarding SET had any effect. 
The majority of those taking part indicated that 
the presentation and question and answer session 
with the researcher had reinforced their original 
views; however, they felt that they would now be 
able to make more informed choices. In contrast to 
the interviews, a few participants displayed more 
favourable opinions towards SET in the light of 
the new information they had received. This raises 
the possibility that future group sessions could be 
designed that were more targeted to the specific 
concerns raised by participants, and delivered 
in a format that acknowledged individual views, 
attitudes and beliefs.

During the presentation, a range of treatment 
scenarios was presented. The scenario that 
provoked the most discussion was related to 
multiple cycles of treatment. Data were presented 
to show that the slightly reduced success of SET 
compared with DET could be mitigated by certain 
treatment options, for example further full 
treatment cycles, SET with an additional frozen 
embryo cycle, and the use of extended embryo 
culture (blastocyst transfer). Most participants 
were resistant to the idea of compensatory cycles 
as this incurred further treatment. Many felt that 
the researcher had failed to address the enormous 
burden of treatment associated with additional 
IVF cycles. The researcher tried several modes 
of delivery of this information during the focus 
group and attempted to further explain that SET 
was preferable to a twin pregnancy in terms of risk 
reduction for birth mother and baby. However, 
participants reiterated that the psychological 
and physical effects of IVF treatment were 
extremely high and posed a significant barrier 
to the acceptance of SET. Many commented on 
the general lack of resources (e.g. funding issues, 
number of cycles funded by the PCT, etc.) for 
assisted conception, which further influenced 
the decision to have two embryos transferred in 
an attempt to maximise their chances of success. 
This is in contrast to Twisk et al.,28 who found 
that additional IVF cycles were acceptable, if the 
pregnancy rates were not significantly reduced. 
However, unlike the present study, the various 
treatment scenarios were adjusted to show varying 
success rates.28 When the success rates were 
equivocal between SET and DET, about half of 
the women interviewed would accept SET. As the 
pregnancy rates of subsequent scenarios began 
to decline, the preference towards DET began to 
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increase. The modelling data produced in this 
study are more in line with outcomes one would 
expect in an everyday clinical situation. As such, 
it is important that clinicians are aware of how 
patients might respond to this data.

As with the interview study, group participants in 
this consultation exercise minimised the risk of twin 
pregnancy and birth. It is known that people tend 
to downplay the associated risks across a range of 
events, and often provide an inaccurate judgement 
of personal risk.108 In this study participants talked 
frequently about improving their odds in any 
given treatment scenario. When represented with 
‘real’ data they attempted to recalculate this data 
to suit their own case scenario. Not only did they 
downplay their personal risk profile regarding 
twins, they also compared that risk to the risk 
of repeated treatment cycles to the woman’s 
psychological and physical health status. Thus, 
there was a ‘trade-off ’ between twin pregnancy and 
multiple cycles, with the former being viewed as 
the more positive outcome. This way of cognitively 
appraising their own personal situation provided 
one of the rationales for opting for DET.

There was limited knowledge and understanding 
regarding the use of frozen embryos. This was 
particularly noticeable in the focus group. When 
the researcher explained more about frozen 
embryo cycles, participants appeared more 
amenable to that option. However, there were 
concerns about the effects of the thawing process 
on embryos and how many would survive the 
process. Opposition to the use of frozen embryos 
per se appeared to be less than in the interview 
sample; within the group consultation the main 
focus was on the need to reduce multiple cycles. 
There is a need to greatly improve knowledge 
and understanding regarding the use of 
frozen embryos, as SET plus a frozen cycle is 
comparable in success rates to DET. If patients 
are to be encouraged in the uptake of SET to 
reduce multiple pregnancies and births, a more 
comprehensive understanding of frozen embryo 
transfer may help make SET plus frozen embryo 
transfer a more attractive option.

This part of the study has several limitations. 
The findings are based on a small convenience 
sample, accessed from a single NHS clinic and 
an online patient organisation. The sample is 
not representative, and, as such, the findings 
should be interpreted with caution. Focus group 
methodology was chosen to enable the researcher 

to feed back the results of statistical modelling via 
a presentation. This would have been difficult to 
achieve in face-to-face interviews.

Recruitment issues in the NHS and private clinics 
led the research team to develop the online groups 
with Infertility Network UK. The use of a different 
patient population was very informative and 
provided useful validation data for the previous 
in-depth interviews. It is possible that those who 
viewed the responses to the online presentation 
and information did not have anything further 
to add. Another method the team did consider 
using, in partnership with Infertility Network 
UK, was an online ‘live’ forum, in which the 
researcher could present the material then answer 
questions and concerns in a given time frame. 
Unfortunately, time restraints prevented the 
uptake of this strategy. This might have yielded 
a higher number of postings, and it is something 
that should be considered for future studies. 
Furthermore, the full characteristics of the sample 
could not be ascertained. However, it does add to 
other arenas where patient views on SET policy 
have been encouraged, such as the HFEA and 
patient organisations which represent patients who 
are subfertile (e.g. Infertility Network UK). There 
is a need to quantify the extent of the attitudes 
revealed in this consultation in a carefully designed 
patient survey.

In conclusion, this focused consultation exercise 
has given participants the opportunity to comment 
on SET policy as it evolves. UK clinics are now 
charged with the responsibility of reducing their 
twin rates in order to meet HFEA targets. In order 
to achieve these targets, clinics need to be able to 
persuade their patients that SET is an acceptable 
treatment option. To do this clinicians need to be 
aware of patients’ views and beliefs so that they can 
work with patients collaboratively when they are 
making treatment choices. Participants in this study 
emphasised the need for researchers, clinicians and 
policy-makers to take into account the enormous 
emotional, physical and, often, financial burden 
of IVF treatment. This must be acknowledged if 
negative views and opinions about SET are to be 
challenged and modified. This study showed that 
a single presentation was able to raise awareness 
about key issues, even though core opinions 
remained unchanged. The findings indicate that 
patients are more than able to deal with complex 
information, as long as it is delivered in the right 
way, with an opportunity to ask questions and raise 
concerns. In future, more targeted educational 



DOI: 10.3310/hta14380� Health Technology Assessment 2010; Vol. 14: No. 38

© 2010 Queen’s Printer and Controller of HMSO. All rights reserved.

129

interventions could be designed to increase patient 
knowledge, or work with their existing knowledge 
base. Patients need to be reassured that the 
move towards a SET policy is for both their and 
their babies’ benefit, and not driven by external 
factors such as resource rationing or financial 
considerations.

Summary

The focus group data suggest that: despite the 
potential to maintain overall success rates over a 
complete cycle with SET, patients would prefer 
DET; the potential for twins is seen as positive; and 
additional transfer procedures are emotionally, 
physically and financially draining.
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Introduction

The collation and analysis of the two datasets in 
Chapters 3 and 4 raise a number of issues relating 
to the use of routine clinical data for investigation 
of prognostic factors, the development of predictive 
models and for the use of such data to monitor and 
audit clinic performance. The issues encountered 
are collated here along with discussion of some 
potential implications for future work. This project 
utilised data from three different database systems: 
the HFEA provided data from their UK national 
registry, three centres used the acusys system 
(developed at the Lister Hospital, London) and 
two used the ideas database application.128 Other 
centres outside this project use different recording 
systems, commercial or bespoke, and some of 
the centres involved in this project have changed 
systems since providing data to the project. The 
observations here reflect the use of the database 
systems in practice in the centres studied at that 
time. We have not studied the specification or 
design capability of the systems or what may be 
achievable with optimal use.

We identified three main sets of issues: first, issues 
around standardisation between data from different 
sources; second, issues around data quality; and, 
third, and most importantly, some fundamental 
issues around the way databases are structured. 
These sets of issues are discussed in each of the 
sections below, and followed by a more general 
discussion of data issues.

Data standardisation

In attempting to analyse data from several 
sources we observed that there are ambiguities in 
definition, design or implementation that make 
use of current databases difficult and which in 
the future will hamper the use of clinical data for 
monitoring of practice.

Attempt number

In vitro fertilisation treatment attempt number 
is often considered an important prognostic 

indicator. For the analyses in this project we 
adopted the HFEA definition ‘treatment cycle 
at clinic – as calculated’. This incorporates all 
fresh and frozen cycles available to the HFEA for 
that patient. Another variable provided in the 
HFEA dataset was ‘total number of previous IVF 
treatments’. Although missing in many cases, this 
did not change across cycles for a given patient 
(see Chapter 3, Data extraction and cleaning) and 
bore little correlation with the calculated value for 
treatment cycle used in the analysis. This example 
demonstrates the importance of clarity and strict 
definition of variables in this type of study. This is 
further demonstrated by the fact that the definition 
of attempt number was different again in the 
clinical databases. The acusys database system 
counts fresh and frozen cycles separately. Hence, a 
patient with three fresh and two subsequent frozen 
cycles would have attempt numbers of 1, 2, 3, 4, 5 
in the HFEA database and 1, 2, 3, 1, 2 according to 
the acusys definition.

In the HFEA database, treatment attempt number 
is calculated based on cycles that are registered 
with the HFEA. In contrast, clinic databases rely 
on patient history-taking, and treatments in other 
clinics may not be fully ascertained or recorded. 
In some cases it is the number of attempts at the 
same clinic that is recorded. Increasingly couples 
are having IVF treatment in other countries, and 
clinics are treating patients resident abroad, but 
cycles outside the UK are not captured by the 
HFEA. Patients presenting for treatment in the UK 
may not disclose full details of treatments received 
elsewhere, particularly given the restricted access to 
treatment in the NHS.

In the data analysed here there are relatively 
few frozen transfers and most transfers are DET. 
Therefore, there is little difference between 
attempt numbers based on registered cycles, egg 
collections or embryo transfers. In an environment 
with increased use of eSET and cryopreservation, 
couples might have very different numbers of 
egg collections and transfers and not all transfers 
would be equivalent (SET or DET, fresh or 
frozen). In order to understand the role (if any) of 
previous treatment as a prognostic factor it will be 
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necessary to treat separately the various previous 
treatments and a much richer ascertainment and 
recording of treatment history will be required. 
Multiple definitions of previous attempts may well 
be needed (egg collection, fresh transfers, frozen 
transfers – total or within this attempt to produce a 
child, etc.).

Embryo assessments

The clinic databases all record a morphological 
assessment of all embryos that are transferred. 
Grading systems differ between centres and there is 
a clear need for a unified, quality-assessed scoring 
system to allow intercentre collation of data.11 In 
the present dataset, with nominally equivalent 
grading schemes across the centres (see Chapter 4, 
Data extraction and cleaning), it was necessary to 
normalise the grades between centres. This process 
is non-trivial and inexact, requiring rather strong 
assumptions.

The increased use of eSET and the need to 
optimise such treatment policies increases the 
need for good embryo quality assessment, and 
good recording of such data. Use of a common 
and quality-controlled grading system should be 
strongly encouraged,11 but assessment of additional 
measures of quality should also be supported. 
Selection policies for eSET are likely to depend 
on an assessment of the quality of embryos 
available.11 Therefore, in order to assess and audit 
eSET policies it will be necessary to consider 
embryo quality for both transferred and non-
transferred embryos. The HFEA database does not 
include any data on embryo quality, an omission 
that considerably weakens its utility for research 
purposes and in the future for realistic assessment 
of centres’ performance.

Further, some proposed schemes rely on extended 
embryo culture and multiple assessments of 
embryo quality. Current databases do not allow for 
multiple assessments of embryo grade. Ideally, each 
embryo should be identifiable and its grade history 
obtainable, but this may be impractical given 
laboratory practice and the burden of data entry.

Prognostic factors

Given the increasing diversity of treatments, it 
is likely that some form of prognosis-adjusted 
comparison between centres will be needed 
in order to compare outcomes and evaluate 

treatments. Thus, there is a need to record 
accurately these known prognostic factors, with 
uniform definitions and quality control checks. 
This requirement is common in other fields of 
medicine and the principles are well established.129

Levels of hormones such as FSH and anti-
müllerian hormone are now being shown to be 
useful predictors of treatment outcome.2,60,113 With 
the explosion of ‘omic’ technologies it is likely that 
a large number of potential markers will become 
available, and flexibility in database design will 
be needed to rapidly accommodate new markers 
as they become available, allowing first their 
evaluation and potentially their use in monitoring 
outcomes.

Single-centre studies of putative prognostic 
markers are relatively straightforward to undertake, 
requiring simple linkage of prognostic data to 
existing databases, or even manual extraction from 
paper records. However, such studies have limited 
statistical power and multicentre studies are usually 
required. This applies particularly to studies 
around strategies for reducing multiple births, in 
which the number of multiple birth events in any 
centre is too low to draw any statistically reliable 
conclusions. Multicentre studies are difficult, 
requiring collation of data from different database 
structures with different variable definitions, and 
more consistency would assist such studies.

Lifestyle variables

As part of standard history-taking and patient 
advice, most clinics ask couples about their lifestyle, 
in particular smoking and alcohol consumption. 
Increasingly, treatment is refused to couples who 
are, for example, unwilling to give up smoking or 
lose weight. Although the clinical databases have 
fields for limited recording of lifestyle data, these 
fields are not consistently utilised. In any case such 
self-reported data are unlikely to be reliable. Other 
studies in more favourable circumstances have 
found significant under-reporting.130 Here, where 
treatment availability may depend (actually or in 
the couple’s perception) on what is revealed, it is 
even less likely to provide good data. In this case it 
is unlikely that routine clinical data will provide a 
useful research tool, and any such data collection 
can only serve immediate clinical purposes. Any 
studies of the effects of lifestyle parameters will 
require dedicated data collection, probably backed 
up by biochemical assessments.130
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Data quality issues
Data accuracy
In assembling the data for analysis we found many 
inconsistencies between data recorded in different 
fields. Examples from the HFEA database include:

•	 number of previous births greater than 
previous pregnancies

•	 number of embryos created greater than 
number of eggs

•	 fewer embryos created than transferred
•	 more embryos thawed and viable than thawed 

(for frozen cycles).

Many of these errors could have easily been 
detected at the time of entry by applying simple 
consistency checks. Simple range checks also 
showed values that were at least implausible, if not 
impossible. Examples include:

•	 duration of infertility several hundred years
•	 date of transfer prior to date of egg collection.

Beyond simple within-record checks, data quality 
could simply be improved by cross-checks of data 
against previous treatments of the same couple, 
implemented on data entry so that inconsistent 
data is not entered.

We note that the HFEA database for the period 
concerned was based on re-entry of paper-based 
returns. Nineteen per cent of the cycles in that 
database were excluded as containing some missing 
or invalid data (see Chapter 3, Data extraction 
and cleaning), and presumably there were also 
errors that were not detected as the values were 
plausible. This level of data error is not unexpected 
with manually entered data (particularly here 
where the data have been manually entered twice) 
where there are no validity checks or verification. 
The HFEA has now introduced electronic data 
interchange, eliminating manual re-entry, so, in 
principal at least, the accuracy should improve. 
However, if the clinic databases do not include 
these simple, but important, checks the data will 
remain inaccurate.

The HFEA policy requirement that clinics meet 
targets for twin rates will mean that clinics require 
more accurate and timely data. Monitoring 
and audit of policies and protocols will require 
accurate clinical, embryological and outcome data. 
Traditionally the entering of data on to electronic 
databases has had low priority, and this is reflected 
in the quality of the data. The entered data are 

seen as having little value to the individuals and 
organisations responsible for data entry; the data 
quality is sufficient for their needs in clinical 
management and administrative returns to 
regulators.

One approach that would improve data quality 
would be a move to make the electronic record 
the primary source. Using fully electronic records 
has significant benefits in terms of the availability 
of records across multiple locations. Such systems 
could, in principle at least, be linked to quality 
control and safety monitoring procedures within 
the embryology laboratories. However, such a 
system requires a high-quality and robust computer 
and network infrastructure, which cannot be 
assumed to be available.

The HFEA could encourage better data-keeping by 
making it part of their regulation and inspection 
criteria.

Handling of missing data

We have encountered many instances in which 
there was no clear distinction made between zero 
and missing values. In the case of the HFEA data, 
in a number of places it could not be determined 
whether a recording of NULL truly indicated 
a zero or that a value was not recorded. As an 
example, the original HFEA dataset (as provided 
to this project) the variable containing the number 
of previous pregnancies had 145,969 NULL values 
and only 1207 zeros, with 85,834 values > 0. 
Clearly we have to assume that the vast majority of 
the cases recorded as NULL to be zero. But this is 
a strong assumption that would not be required if 
data were recorded more accurately.

Conversely, for several variables from the treatment 
centre databases it was not clear whether the 
presence of a zero was a genuine observation or 
an indication of a missing value (for example, 
recording of lifestyle indicators such as smoking 
and alcohol consumption), making the use of such 
variables impossible. In other cases of variables 
with values recorded as zero a judgement had to 
be made as to the correct interpretation (following 
advice from the data providers). For example, in 
the case of sperm counts a set of values can be 
inferred as missing if all the related entries are 
zero, but individual zero counts can be assumed to 
be genuinely zero.

In general, the reasons for data being missing are 
not recorded and clinical databases do not provide 
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fields where the reason for missing values can be 
documented.

Issues arising from data 
structures
Databases developed for clinical or regulatory 
purposes are not always structured in ways that 
allow the data needed for research questions to be 
extracted.

Record linkage

In the HFEA and ideas databases it proved 
impossible to identify for a frozen transfer cycle the 
cycle in which the eggs were collected. Such linkage 
is required, for example, to look at cumulative 
pregnancy rates and for accurate modelling of the 
inter cycle correlations and therefore the outcomes 
of multi cycle protocols. This is a critical weakness 
if SET policies catalyse a move towards some form 
of cumulative outcome rate as a primary outcome 
measure. This weakness reflects a fundamental 
weakness in database design and/or usage.

The current use of ‘cycle’ is ambiguous and not 
a good basis for data storage. Embryo transfer 
cycles are naturally nested within egg collection 
cycles (although there can be exceptions if frozen 
embryos from more than one cycle are transferred 
together), and multiple cycles of both types will be 
associated with an attempt to have a child. With 
greater diversity of treatments and approaches 
a more flexible approach is likely to be needed. 
One possibility would be that data be stored on 
the basis of procedures and their direct outcomes. 
Data would then be held for parents, donors and 
the resultant embryos. Each procedure should be 
identified by separate male and female donors 
and the procedures that provided material (e.g. 
embryo transfer should link to the egg collection 
procedure, donor eggs to the egg retrieval 
procedure, embryos to their egg and sperm 
collection, etc.). Freezing and thawing would be 
separate procedures.

As discussed above there are problems with the 
definition of previous attempt number. This is 
symptomatic of a lack of linkage in the databases 
between multiple treatments for the same 
patients. Good database design would make the 
computation of any number of such variables 
trivial, although there would always be an issue with 
treatments outside the authority of the recording 
centre.

Outcomes
Outcomes proved difficult to extract from current 
databases, often requiring parsing of free text 
fields. For instance, a live birth was defined for the 
analyses presented here from the HFEA dataset using 
text fields for the status of up to four ‘heart birth’ 
outcomes. While the acusys systems have a specific 
(albeit rather complex) code for outcome, sites 
using ideas had to have outcome extracted from 
text fields. The treatment centre database designs 
seen in this study have a single outcome variable, 
when in reality outcome is multidimensional. The 
HFEA database has records on total fetal sacs 
as well as gestation, birth outcome, weight, sex, 
delivery date, delivery method and congenital 
abnormalities for up to four babies. Explicit coding 
of relevant variables (where an individual value 
represents an outcome rather than a free text 
field) would make usage simpler. Of relevance to 
the eSET question is the recording of twin births, 
and, in particular, zygosity. This is not explicitly or 
systematically recorded in any of the databases we 
have utilised, although some information may be 
available in textual form.

It is unlikely that in the future with a greater variety 
of treatments that a single outcome measure will be 
appropriate. Although arguments can be made for 
a cumulative per-egg collection outcome (maybe 
number of live births within 18 or 24 months of 
egg collection), multiple outcomes will be needed 
to gain a rounded picture of a clinic’s performance. 
Thus, data will need be collected and stored in a 
way that allows easy collation of multiple outcomes, 
each of which in turn may be multidimensional.

Patient histories

Clinical databases are oriented towards the present 
condition of the patient. As such they may not 
retain details of the status at previous times. 
The acusys database records patient history as 
a single table which is updated at each clinical 
presentation. For any analysis of historic data, 
it is the patient status at the time of treatment 
that is required. As detailed in Chapter 4 (Data 
extraction and cleaning), for the purposes of the 
analyses in the towardSET? study, we have had to 
‘unwind’ the patient history for variables such as 
primary/secondary infertility, previous pregnancies, 
duration of infertility and attempt numbers, taking 
the latest cycle and subtracting appropriately 
for each previous cycle in turn – a potentially 
error-prone process and one that is reliant on an 
assumption that there is complete information 
on all cycles within the databases. In the HFEA 
database, rather that having to ‘unwind’ the 
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patient’s history it was necessary to update variables 
that changed between cycles for a given patient, the 
assumption here being that the observed value of 
variables is correct for the first cycle observed and 
all intermediate cycles are in the database.

For audit and analysis complete and concurrent 
patient history thus needs to be stored with each 
procedure, allowing analysis of the patient state at 
the time of the procedure. Historically, there was a 
need to economise on data storage requirements, 
making such designs appropriate. Data storage 
requirements are no longer a practical limitation 
and the need for proper audit trails and clinical 
monitoring to optimise treatments suggests that 
this is no longer an appropriate way to structure 
data.

Novel treatments

The move towards eSET is driving innovation in 
IVF treatments with developments in, for example, 
embryo selection by non-invasive measurement35 
or extended culture,39 alternative stimulation 
regimens and enhanced cryopreservation.122 
Current clinical databases are built around a 
conventional IVF cycle, and the HFEA database 
is also very limited in its ability to store treatment 
variables. Embryo selection techniques need at 
least to be recorded, and any assessment of their 
utility will require significant extension of existing 
databases, or linkage to additional datasets.

Discussion

The HFEA twin policy increases the onus on 
individual centres to monitor their outcomes and 
justify their SET policy. Good recording of clinical 
parameters, including patient characteristics and 
embryo grades, is essential to this effort. It is the 
data at the time of treatment decision that are 
required, not present or initial values. The needs 
for such monitoring needs to be factored in to the 
database design, and robust systems of data entry 
and checking will be required. The availability 
of good-quality data will become a vital part of 
treatment quality improvement and regulatory 
control.

Individual clinic databases vary in the quality of 
the database design and its implementation and 
in the quality of data entry. There is an urgent 
need to define minimum standards for clinic 
databases to enable quality control and audit of 
clinics’ performance. As outlined above, basic 
data linkage and checking are not properly 

implemented, and personal communications with 
users of other packages suggests that this problem 
is not restricted to the systems investigated 
here. There may be a role for the HFEA or the 
professional bodies either to facilitate a set of 
guidelines for database designers or to commission 
the production of a database that would meet 
the needs of clinics, the regulatory authorities 
and research. The UK transplant service has a 
similar role to the HFEA and has developed robust 
systems for handling the data structures with 
multiple donors, multiple recipients and multiple 
treatments, along with the statistical infrastructure 
to utilise these data effectively. This service may 
provide a useful source of experience and a model 
that can be followed.

The HFEA register is potentially a useful source of 
data for research purposes, but the large amount of 
data requested at present is burdensome to clinics 
and the resulting data quality is low. For regulatory 
purposes some prognostic information is required 
to assess a clinic’s performance and, now, to 
monitor its twin reduction policies. Changes in 
database structure to allow more appropriate 
outcome measures to be constructed is necessary, 
linkage between egg recovery and transfer as well 
as between treatments on the same individuals 
and donors is essential. Researchers would like 
to have access to a wide range of established and 
potential markers, but it is questionable whether 
this is appropriate for a regulatory authority to 
collect, given the burden on clinics. In any case, a 
small set of reliable and well-linked data is more 
useful for both regulatory and research purposes 
than a larger set of unreliable data. It is probably 
inappropriate for the HFEA to request data beyond 
that needed for regulatory purposes, but these 
purposes do require the collection of prognostic 
measures. Prognostic measures requested by 
regulators should probably be restricted to those 
which are routinely available and for which there 
is a good evidence base, with the flexibility in the 
system and databases to allow these to be modified 
as more evidence accumulates.

Research into other factors will probably have 
to utilise individual clinic databases, which need 
to be of better quality. Multicentre studies will 
be necessary and greater standardisation with 
consistent data structures and good quality control 
will greatly facilitate such research. The HFEA 
database imposes a common, if limited, dataset. 
One possibility for the HFEA to consider would 
be to facilitate optional additional data collation 
for consortia of centres interested in particular 
prognostic markers, either through enhanced 
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returns or through the encouragement of better 
database design as discussed above.

Although current clinical databases may be fit 
for the purpose of assisting treatment delivery 
and administrative returns, they are unlikely to 
remain adequate even for their existing uses in 
an environment where more complex outcome 
measures are required for a wider range of 
treatments. The need to audit and monitor 
and develop twin policies suggests that there is 
an urgent need to develop more appropriately 
structured database systems. This requirement 
is more crucial for the HFEA where the need to 
monitor clinic performance and twin policies will 
require good-quality data with a good set of ‘case 
mix’ variables and the ability to link treatment 
programmes together to enable a range of outcome 
measures. The current database does not meet 
these needs. The HFEA has improved its data 
collection, especially through the introduction 
of electronic data interchange and has recently 
undertaken consultations on the use of its data 
registry and on data reporting, although the policy 
outcomes are not yet finalised.

Summary

In attempting to analyse data from several sources 
we have observed that there are ambiguities in 
definition, design or implementation which make 
the use of current databases difficult and which in 
the future will hamper the use of clinical data for 
monitoring of practice. Particularly difficult is the 
definition and recording of previous treatment 
history and the use of multiple embryo-grading 
schemes without any standardisation. There are 
significant issues with the quality of the data 
recording, much of which could easily be improved 
by better database design, including appropriate 
cross-validation, and rigorous handling of missing 
data, but also reflects the low priority given to 
data recording for non-clinical purposes. There 
are major shortcomings in the ability to link 
together treatment histories, so making it difficult 
to consider more relevant outcomes of complete 
treatment cycles (linking frozen cycles to the 
fresh cycle in which the embryos were created) 
or cumulative outcomes over a single attempt to 
produce a baby.
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General discussion
The benefits of a mixed-
methods approach
We adopted a multidisciplinary approach, 
combining state-of-the-art statistical modelling 
with in-depth qualitative exploration of patient 
perspectives. The components were integrated 
formally through input from patients into the 
scenarios considered for modelling and feedback 
of the modelling results to patient groups, and 
informally through cross-disciplinary discussions 
within the research team. The work with patients 
is fundamental to the analysis and interpretation 
presented throughout this report. The experience 
of the study team was that this mixed approach 
was very fruitful in this particular project, 
possibly owing to the complex interactions 
between treatment choices and patient wishes 
and perceptions that are central to the research 
questions. Although we had valuable input from 
patient representatives it was, in this case, the 
direct involvement with patients mediated through 
a qualitative researcher that provided the insight 
and grounding that the study required. It was 
particularly valuable that the qualitative and 
quantitative studies were taking place in parallel 
with regular feedback across the research team, 
allowing the quantitative understanding and 
issues raised to feed directly into the qualitative 
interview and focus group schedules, and 
conversely for questions and issues raised in 
these in-depth discussions to inform the thinking 
of the quantitative researchers. This followed 
the complementarity approach of Teddlie and 
Tashakkori:131 the data from each method were 
analysed separately but the inferences from each 
were integrated to inform the final report. This 
complementarity type of mixed method study is 
defined as when at least two phases (qualitative 
then quantitative or vice versa) are carried out 
chronologically and each phase complements 
the other.131 According to O’Cathain et al.132 
the yield from a mixed-methods study has two 
key indicators: first, that the potential for the 
integration between the quantitative and qualitative 
components of the study have been fully exploited, 
and, second, that the results of this integration are 

reported. The experience from this project would 
suggest that it is the composition, integration 
and dynamics of the research team that leads to 
a successful implementation of a mixed-methods 
approach such as we have adopted here.

Predictors of IVF success and 
twin rates

The analysis of the HFEA data and the towardSET? 
collaborative data both show that similar factors are 
predictive of outcome, factors that are consistent 
with other studies. There are significant data 
structure and accuracy problems with both sets of 
data. The lack of full linkage of treatment courses 
restricts the modelling of multiple transfers and 
restricts much of the analysis to embryo transfer 
end points rather than complete treatment course 
end points. Data errors may lead to the attenuation 
of real effects. The strong patient selection effects 
in the observational data, with treatment being 
dependent on prognosis (often in unrecorded 
ways), means that these effects need to be 
interpreted cautiously.

Other than the availability of good-quality 
embryos, we have been unable to identify any 
factors that specifically predict twin birth, and 
patients who have a good probability of success 
will have a high chance of twins if they receive two 
embryos. Thus, twins are produced predominantly 
from patients and cycles with a good prognosis, 
although even 40-year-old patients have a 10% twin 
rate (twins per LBE) for fresh DET.

One novel feature of the analysis and dataset is 
that we have been able to identify a number of 
patient and treatment characteristics as acting 
specifically on the embryo viability or uterine 
receptivity. Age seems to act predominantly as an 
embryo effect. Embryo number, attempt, duration 
of infertility and tubal diagnoses act through the 
uterine factors. Treatment year and centre seem 
to act on both components. While it is possible 
that this identification is model dependent or 
a consequence of data biases, the assignments 
do make clinical sense and suggest reasonable 
biological mechanisms.

Chapter 8  
Conclusions and implications for practice
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Patient views on twins and eSET
The patient interviews and focus group 
consultation showed that patients undergoing 
IVF treatment have a preference for twins, 
confirming earlier reports in the literature. This 
is perhaps not surprising given the reported 
physical, emotional, and, often, financial burden 
associated with treatment. Twins were seen as an 
ideal outcome, in which the need for prolonged 
treatment is negated. Several participants in this 
study found it difficult to understand the rationale 
for SET, as they believed that this option would 
lower their chances of achieving a pregnancy and 
live birth. Thus, participants were sceptical about 
the motives behind the move towards SET and 
attributed this to the need for the government 
and regulatory bodies to control NHS funding 
and resources. Interestingly, many did not see this 
as being promoted directly by their doctors and 
individual clinics. Several participants felt that the 
introduction of a SET policy was an affront to their 
own personal choice, and that this policy does not 
sit well with the NHS Patient Choice agenda. The 
use of frozen embryos produced a mixed response, 
with participants showing limited knowledge 
of this treatment choice. They also expressed 
concerns about the ownership of embryos and the 
emotional attachment that an embryo can evoke. 
More education is required to help patients to fully 
understand options involving embryo freezing. If 
patients are to accept SET, their views and beliefs 
need to be incorporated into clinical consultations 
and they need to be reassured that this will provide 
the best outcome for them and their babies, and 
is not driven by other external factors. For those 
who self-fund, the rationale for SET is even less 
appealing as each cycle comes at a cost.

Implications for practice
Developing an eSET policy
eSET in fresh cycles
The available data only allow predictive models 
to be developed for the outcomes of individual 
embryo transfer procedures. As the frozen transfer 
data is of limited quality and completeness, we can 
only develop models with any reliability for the 
initial fresh cycle following egg retrieval. While it 
is common clinical practice to quote and compare 
such outcomes, these may not be the most relevant 
outcomes for the comparison of SET and DET 
treatments, which need to take a whole treatment 
perspective. Nevertheless, such outcomes are of 
importance to the patients (see Chapter 2) and 

form a basis from which outcomes of complete 
treatment programmes may be simulated.

The EU models provide a statistical model for 
assessing prognostic factors but also allow the ‘what 
if ’ computation of potential outcomes for different 
numbers of transferred embryos. The models then 
predict that in this initial fresh transfer there will 
be a significant reduction in live births if patients 
receive SET rather than DET. If SET is applied 
to the whole patient population for whom DET 
is potentially possible, then the overall success 
rate in that fresh transfer would be reduced by 
around one-third, a result that is consistent with 
the limited data from clinical trials. It is important 
to appreciate that for every patient in every 
transfer their chances of a successful treatment are 
reduced by having SET rather than DET. This is 
an obvious statement, with intuitive appeal, given 
that the second embryo must have some chance of 
developing. Equally, it is intuitively obvious that 
in any one transfer a patient may or may not be 
in optimal condition to receive an embryo in any 
particular transfer cycle, and therefore spreading 
the embryos over a larger number of transfers 
could well be advantageous, providing of course 
that the losses due to freezing are sufficiently small.

The analysis suggests that the relative loss of around 
one-third in LBEs for this fresh cycle as a result 
of SET is similar across all patient groups, with 
only weak dependence on patient characteristics, 
although the absolute loss is greater in patients with 
a good prognosis.

There are three approaches to ameliorating or 
compensating for this loss, which are discussed in 
the following subsections.

Patient selection in the fresh cycle
Considerable emphasis has been placed in the 
SET literature over selection of the appropriate 
patients for eSET. Much of this literature places 
undue emphasis on the initial fresh transfer, rather 
than taking a complete treatment perspective, 
and careful interpretation is needed to put such 
schemes into their full perspective.

Computations based on the EU model show that, at 
a population level, in the fresh cycle about half the 
loss in success owing to SET can be mitigated by 
selecting appropriate patients for DET. Although 
there are small differences between them, most 
suggested strategies selecting older patients and 
those with few good-quality embryos for DET 
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perform similarly, with around 50% SET being 
needed to achieve a 10% twin rate. Although the 
detailed results provide indicators as to appropriate 
policies, it is likely that the detailed algorithms will 
be treatment and centre specific, and an iterative 
development of centre policies will be required, 
which could be based on those developed in this 
project. Selection for DET by age is perceived 
by some patients as unfair (see Chapter 2): a 
strategy of SET if there are embryos available 
for freezing and therefore another attempt, and 
DET if there can be only a single cycle, may be 
more attractive. However, additional treatment 
cycles are burdensome, and the work with patients 
suggests that they are reluctant to accept additional 
cycles and would still prefer DET. Such a policy 
also requires that the decision over the number 
to transfer occurs late in the treatment process, 
usually on the day of embryo transfer and with 
little time for consideration, which can be difficult 
for the patient unless standardised protocols are 
used and agreed beforehand. Also such policies rely 
heavily on standardised embryo-grading schemes 
to ensure generalisability of policy across all clinics.

It should be stressed that, although from this 
limited single fresh cycle perspective, patient 
selection may allow clinics to meet twin rate targets, 
each individual patient would have a greater 
chance of a successful outcome in that fresh cycle if 
she had DET rather than SET.

Complete cycle treatments
The available datasets do not provide good-
quality data to allow direct prediction of outcomes 
beyond the initial fresh cycle. However, they do 
provide reasonable estimates of that fresh cycle 
outcome and allow estimation of the intercycle 
correlations. The limited frozen data indicate that 
it is not unreasonable to assume that the fresh 
cycle outcome estimates can be applied to frozen 
cycles with a simple adjustment for an overall 
lower success rate. Under these assumptions, and 
utilising data from another study to estimate the 
distribution of embryo quality, we have been able 
to undertake simulations of treatment courses. The 
caveats and uncertainties mean that these should 
be treated as indicative rather than definitive.

Two fresh SET cycles outperformed a single DET 
cycle in terms of outcomes, although the burden 
on patients of two egg retrievals and embryo 
replacements should not be underestimated. 
Similarly, providing that the cryopreservation is of 
sufficiently high quality, a treatment programme 
of one fresh plus one frozen SET transfer had 

similar outcomes to a single fresh DET transfer. 
These results are in line with the observational 
and limited trial data. Although the data do not 
provide any strong evidence on what is achievable 
in terms of freezing quality, the break-even point is 
around the levels found in the best of the centres 
studied here, although there are large uncertainties 
in the data underlying the estimates of freezing 
loss. There have also been advances in techniques 
and practice since the time of the data analysed 
here so there is reason to believe that the necessary 
freezing quality is achievable, although careful 
evaluation will be required.

Taking a ‘complete cycle’ perspective, the 
simulations indicate that, if all the embryos 
created from an ovarian stimulation procedure are 
transferred in a series of embryo transfers, then 
transferring the embryos one at a time can have 
similar, or even better, success rates to transferring 
them two at a time, although this does require 
good freezing procedures. Interestingly, in these 
simulations this remained true for patients with 
poor as well as good prognosis. Although this 
result may be sensitive to the assumptions around 
the distributions of embryo quality, it does suggest 
that, if one takes a complete cycle perspective, 
SET can be advocated for everyone, and the issues 
over patient selection become redundant. Indeed, 
in some scenarios patient selection can actually 
reduce the overall success rate over a complete 
cycle compared with SET for all. In this light the 
trade-off between DET and SET becomes a balance 
between the number of twin births and the number 
of transfers it takes to get pregnant, not overall 
success. The burden on patients of additional 
transfers is not trivial and patients will still need 
persuading, despite the maintenance of success 
rates.

Maintaining a complete cycle success rate will 
require good freezing procedures, somewhat better 
than that seen in the best centre over the study 
period. Technical developments in the period 
since the cohort analysed here make this seem 
achievable. For SET, the willingness to thaw single 
embryos may be crucial to the maintenance of 
success rates. Such a policy implies a number of 
cancelled transfers, another burden on patients 
that should not be ignored. Although thawing 
more than one embryo is suboptimal in terms of 
success rates this will need to be balanced against 
the costs (emotional and financial) of cancelled 
cycles. There is little to be gained from freezing 
poor-quality embryos, unless they can be stored 
separately and retained for final attempts after the 
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good-quality embryos have been used. However, 
in these circumstances the low chances of success 
would probably indicate a new egg retrieval, as the 
low success probabilities mean that such treatments 
are burdensome to patients.

Embryo selection
If we focus on the initial fresh cycle, then there is 
considerable scope for improving the success rates 
for SET by optimal selection of embryos, perhaps 
using biomarkers35 or by extended culture.39 If we 
take a complete cycle perspective, with cumulative 
pregnancy outcomes, then selection will at best 
only improve the time to achieve pregnancy as 
all embryos will be transferred later (although 
knowledge of the potential of all the embryos will 
enable optimisation across multiple egg retrievals). 
If the assessment of embryo quality carries a non-
zero embryo mortality rate, as in extended culture 
or pre-implantation genetic screening, then these 
methods may well improve the initial transfer 
success at the expense of later (frozen) transfers 
and lead to a lower overall success rate.

Such methods may well be useful, but reliable 
data do not exist. There is a need for rigorous 
evaluation of such techniques in a realistic clinical 
setting that takes into account the whole patient 
treatment course until a live birth is achieved or the 
patient ceases to try for a baby. Some insights could 
be gained from simulations, such as performed in 
this work, although it may be difficult to get good 
estimates of the parameters required.

Data collection and auditing
As discussed in some detail in Chapter 7, there 
are significant shortcomings in the existing 
data sources, both as a research tool and for use 
in the audit and monitoring of twin reduction 
policies. Databases need to be capable of linking 
treatments across patient treatment programmes 
and producing a variety of appropriate outcomes 
beyond the often misleading per-transfer 
outcomes. There is a need to record embryo 
quality, preferably using a quality-assured 
methodology. The HFEA is reviewing its registry 
data and the way in which it reports outcomes. 
Clinics need to look at their future information 
needs and develop appropriate data storage 
systems to enable reliable treatment monitoring. 
Crucially, in our view, data entry and quality need 
to be given a higher priority in IVF clinics.

Patient information needs
For many well-informed patients, the ideal 
outcome of an IVF treatment remains twins. For 

some this is because of incomplete information on 
the risks, but well-informed and rational patients 
also accede to this view, balancing the risks of 
twins against the emotional and financial costs of 
failed treatments. While better information on twin 
risks may help some to accept SET, many will not 
be convinced. It is important that accurate and 
relevant information about twin risks is available. 
Many of the figures quoted refer to all twins – 
including monozygotic twins, which are at a much 
higher risk, and non-IVF twins, which include a 
broader population. Patients need information on 
the risks specific to IVF twins and their parents, 
information that is difficult to obtain at present 
in a UK setting as information on the mechanism 
of conception is not available to obstetric services. 
It needs to be accepted that, for any individual 
couple, the desire for twins may result from 
a rational assessment of their personal risks, 
needs and values. Although the need to reduce 
twins may be valid from a societal and public 
health perspective, this may well conflict with the 
unconstrained choices of individual women.

The patient interviews and focus groups revealed 
significant scepticism over the motivation for a twin 
reduction policy, with many patients believing that 
it is in some way financially rather than clinically 
driven. This may be inevitable in an area of 
medicine where funded treatment is very restricted, 
and it is true that financial arguments were well 
used in justifying and developing the UK policy. 
However, the public health argument for reducing 
unnecessary twins is strong. Patients need to be 
reassured that a move towards SET is clinically 
motivated, and that any financial gain from savings 
in obstetric care and other areas is not the principal 
motivator.

While many patients accept embryo freezing, 
appreciating the ‘second chance’, there is a 
subset (of unknown size) for whom the idea 
seems unnatural and dangerous. These feelings 
are strongly held and arise from an invalid 
(but reasonable) extrapolation from everyday 
experience. A more detailed understanding 
of these attitudes could well lead to targeted 
information that will increase the acceptance 
of embryo cryopreservation. This is a rapidly 
developing area in clinical practice and clear, up-
to-date and specific information is required on the 
success rates from frozen transfers, both in terms 
of IVF outcomes and the long-term health of the 
babies.
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Implications for research
The need for better data
As summarised in Chapter 7, there is an urgent 
need for better quality data that permit the 
evaluation of complete treatments (fresh plus 
frozen transfers) and link multiple treatments of 
the same couples. Existing clinical and regulatory 
database systems do not in practice provide data 
that can robustly and directly answer the key 
questions. Proposed developments in the HFEA 
register may help towards this, but there is a real 
need for good, reliable data collection within 
treatment centres. It will be important to update 
the work done here with more recent data that 
include a greater proportion of SET to validate and 
extend the findings and to include other covariates. 
Analyses including more centres are required to 
gain greater understanding of the centre effects 
and identify the potential to improve practice and 
hence outcomes.

Policy implementation

The present UK policy of requiring clinics to 
reduce their own twin rates requires a degree of 
sophistication in the monitoring process, and the 
numbers of patients treated in any given centre do 
not allow for robust auditing or evaluation of policy 
changes. Research is needed to adapt existing data 
monitoring tools to this application and provide 
usable evaluation tools to clinics and regulators. 
This suggests that future studies could be based 
around the implementation and monitoring of twin 
reduction policies across a number of centres.

Although much of the patient antipathy to SET 
is related to the burden of treatment and the 
desire for a complete family while minimising the 
treatment burden, some of the resistance arises 
from a failure to appreciate the clinical reasons 
behind the policy and a mistrust of embryo 
freezing. These considerations may be amenable to 
carefully tailored and accurate information, which 
takes account of patients’ beliefs and previous 
experiences. Further work to develop such targeted 
interventions is called for, along with an assessment 
of the training needs of staff to enable the delivery 
of such information.

Although there is a growing body of qualitative 
data on patient views on SET and twins, there is 
a need for more studies to quantify the extent to 
which these attitudes are held across the patient 
population and differ according to circumstances. 

Similarly, more data are needed on clinical 
attitudes, particularly in the private sector.

The present methodology can readily be extended 
to consider various embryo selection policies, 
based either on biomarkers or on extended culture. 
As data become available on these methods, 
further simulation studies would be informative in 
determining their optimal use.

Future clinical trials of eSET

The limited existing trial data, observational data 
and the modelling studies presented here all 
suggest that, in the context of a complete cycle 
(egg retrieval plus transfer of all embryos created) 
a policy of SET throughout the treatment course 
could be broadly equivalent, or potentially better, 
in terms of cumulative live birth rates than the 
previously accepted practice of replacing two 
embryos. If a rigorous RCT along these lines were 
conducted, it could provide very strong evidence 
in favour of a SET policy. We would advocate a 
pragmatic trial, allowing centres to adopt their own 
freezing policies, and thus test treatment policy. If 
the trial were large enough, properly constructed 
subgroup analyses would provide information on 
the relative efficacy of different freezing policies. 
Inclusion criteria should be broad, excluding only 
patients for whom DET is contraindicated, or 
where the clinic freezing policy would preclude 
either arm (e.g. not freezing single embryos). The 
primary end point would be a cumulative live 
birth rate, such as the number of live births within 
18 months of egg retrieval, with twin numbers and 
obstetric adverse events being important secondary 
end points.

As the trial would be looking for equivalence, or 
non-inferiority rather than superiority, the sample 
size would be large. For example, if the success rate 
was 35% and we were looking for a 5% equivalence 
margin, a sample size of ~1500 per arm would be 
required for 80% power (based on a 95% two-sided 
confidence interval). Larger numbers again would 
be needed for subgroup analysis or if a smaller 
non-inferiority margin were required. This would 
be large but feasible over a 2-year period with a 
few centres, as virtually all patients undergoing 
IVF would be eligible. However, given the current 
state of policy development in the UK, it would be 
difficult to conduct such a trial where a national 
policy has been agreed and clinics have specific 
twin targets, and exceptions for trial centres would 
be required. More importantly, a similar trial in 
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Scotland failed to recruit as patients were unwilling 
to be randomised. Informal soundings suggest 
that there is little enthusiasm for SET trials in the 
UK at the present time, and such a trial would 
not be likely to be prioritised by the relevant 
Comprehensive Research Networks.

Although a specific trial of SET versus DET may 
not be practical (at least in the UK) it is important 
that the range of techniques being considered as 
part of an eSET policy are rigorously assessed in a 
realistic clinical setting, i.e. in unselected patients 
over a complete treatment programme.

Methodological issues

The EU models are useful and allow prediction 
of DET and SET outcomes in the same patients. 
However these predictions rely on assumptions 
(particularly the conditional independence of the 
E and U components after allowing for covariates). 
These assumptions cannot currently be tested or 
relaxed.

Current implementations of the EU model 
are very computationally intensive and better 
implementations or alternative models are required 
to allow full consideration of random effects and 
more accurate statistical inference (e.g. profile 

likelihood or bootstrap methods for obtaining 
confidence intervals).

Further methodological work is needed to clarify 
these issues, and one such programme of work is 
currently being undertaken in the University of 
Manchester Health Methodology Research Group.

Key messages

•	 For any one transfer, SET has about a one-third 
loss of success rate relative to DET.

•	 The loss can be only partially mitigated by 
patient and treatment cycle selection, and 
criteria may be criticised as unfair: all patients 
receiving SET will have a lower chance of 
success than they would have with DET.

•	 If we consider complete cycles (fresh plus 
frozen transfers), it is possible for repeat SET 
to produce more live births than repeat DET.

•	 Then, for all patients, it is possible for repeat 
SET to outperform DET in terms of cumulative 
outcomes.

•	 Such a strategy would require support from 
funders and acceptance by patients of both 
cryopreservation and the burden of additional 
transfer cycles.
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1.  Background 

1.1. Existing research  
 
Single Embryo Transfer (SET):  Elective SET (eSET) has been widely advocated on the basis 
that it reduces the number of multiple pregnancies, and the consequent risk to the mother 
and offspring (e.g. Pinborg 2005). Many cohort studies (reviewed in Bergh, 2005; Gerris, 
2005)  suggest that on a per transfer cycle basis SET does indeed reduce twinning rates 
compared to double embryo transfer (DET) , but that this is associated  with a reduced 
success rate. This has been confirmed in a limited number of relatively small randomised 
trials (Pinborg, 2005), although no good quality randomised data are yet available (Pandian 
et al, 2005). The subsequent replacement of single thawed embryos increases the pregnancy 
rate per episode of  IVF on a cumulative basis (e.g. Lukassen et al, 2005). Strategies to 
implement SET are likely to require evaluation across multiple cycles of embryo transfer, and 
there are currently trials ongoing comparing a single fresh cycle of DET to two cycles of SET 
one fresh and one utilising a frozen embryo from the first cycle (e.g. the ECOSSE trial led by 
Dr Bhattacharya, Aberdeen, see http://www.bertarelli-foundation.ch/ 
index.php/BF/entry/efficacy_and_cost_effectiveness_of_selective_single_embryo_transfer_ec
osse/)    
 
Clinician and patient perspectives: There is widespread agreement amongst IVF clinicians 
that, at least in good prognosis patients, policies to prevent multiple pregnancies, including 
twin pregnancies, are to be preferred. Many recommendations have been made to increase 
the proportion of eSET and this is now legally prescribed in Sweden (reviewed in Bergh, 
2005). However many centres in the United Kingdom are reluctant to adopt policies that 
might lead to a reduction in pregnancy rates, particularly in the format published by the 
HFEA, and particularly where patients pay directly for the treatment. The format of outcome 
data published by the HFEA allows centres to be rated in “league tables”. This is widely seen 
as being of commercial value to centres in the top echelons; SET is more popular where the 
treatments are publicly funded as in northern Europe. For example in Manchester within the 
NHS at St Mary’s Hospital (SMH) the SET rate is 30%, whilst in the private sector at 
Manchester Fertility Services (MFS) it is 10%.  The definition of treatment success rate is 
crucial here (e.g. Bhattacharya & Templeton, 2004) and some consensus on a measure that 
takes the whole treatment programme into account, as well as the patient population, is 
urgently required.  
 
The HFEA currently use the “live birth rate per treatment cycle commenced” as the measure 
of success. A treatment cycle commences with ovarian stimulation.  This denominator is 
difficult to validate as many of these “commenced cycles” are cancelled before egg recovery 
and the data are only reported after the cycle has been completed.  It may be preferable to 
define success as seen by the patients, e.g. the cumulative live birth rate per egg recovery 
procedure, following replacement of the fresh and all the frozen embryos.  This may more 
accurately reflect the efficiency of the unit and the patients’ expectation of treatment 
(surgical operation for egg recovery). The use of a per-cycle endpoint rather than a per-
patient endpoint also invites invalid analyses and comparisons based on assumptions of 
independence between cycles. 
 
In contrast to clinical opinion, a number of studies have shown that patients themselves do 
not favour eSET and see twins as a positive, not a negative outcome (Blennborn et al, 2005; 
Gleicher et al, 1995; Goldfarb et al, 1996; Murray et al, 2004; Pinborg et al, 2003; Porter & 
Bhattacharya, 2005) and this perception is not easily altered (Murray et al, 2004). Given this 
dichotomy of views between patients and clinicians it is crucial that patients are involved in 
the decision-making process, and in the formulation of national and institutional policy. The 
appropriate policy may differ depending on the source of funding. 
 
In order for patients to make informed choices, accurate and relevant information is 
essential to this process (Deyo, 2001). However, a recent study which compared standard 
information alone, with additional information sheet on twin pregnancy or discussion, the 
extra information did not affect couples attitudes to a hypothetical policy of eSET (Murray et 
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al., 2004). Therefore, further research is required to understand the specific information 
needs of this patient group, and the timing of this information.  Future policy initiatives 
around eSET, and engagement in clinical trials, are reliant on patient commitment and trials 
require a certain degree of equipoise.  
 
Research has shown that with careful counselling and appropriate additional treatment 
cycles to maintain the overall pregnancy rates, trials of eSET can be successfully undertaken: 
in the UK there is an ongoing multi-centre trial, the UK ECOSSE trial, mentioned above. This 
trial has been limited to clinics which share common embryo selection and freezing policies 
and so the results will not be able to be extrapolated to all clinics.  The level of patient 
acceptance of this trial is not known.  Within SMH the rate of elective replacement of single 
embryos is increasing for patients at high risk of a multiple pregnancy, e.g. young women 
with a history of conception. 
 
Embryo selection: The ability to select a “top quality” embryo for transfer is crucial to the 
success of eSET (e.g. De Neubourg et al, 2004). Selection is normally made on morphological 
grounds, with different scoring systems in use in different centres. There is considerable 
interest in selection criteria (e.g. Ebner et al, 2003), and in alternative markers to 
morphology (e.g. Brison et al, 2004). Our own Manchester-Leeds-York collaboration 
(following on from Brison et al, 2004) is currently conducting a multicentre study of the use 
of amino-acid profiles in the spent culture medium as a marker of embryo quality. Treatment 
policies on the length of culture of fertilised embryos, the day of transfer, and the use of 
cryopreservation differ between centres, thus different centres will have differing numbers of 
embryos at different stages from which to select.  To our knowledge no comparative or 
modelling studies have been undertaken which consider the impact of different 
cryopreservation/selection policies and it is crucial to capture this in any assessment of the 
impact of SET. 
 
Prognostic factors: Retrospective studies have identified a number of patient, embryo and 
treatment factors that are associated with treatment success. Female age and previous 
reproductive success are the principal maternal predictors, along with basal FSH levels and 
duration of infertility (e.g. HFEA, 2005; Templeton et al, 1996; Kupka et al, 2003). Embryo 
quality is clearly important, as assessed by morphology (Ebner et al, 2003). Smoking, both 
maternal and paternal, is associated with poor outcomes, but the evidence for other lifestyle 
factors is weak (Klonoff-Cohen, 2005). 
 
Economics: Few studies looking specifically at eSET from the economic perspective have 
been reported (reviewed in Bergh, 2005). From a societal perspective, these indicate that the 
savings in health costs associated with twin pregnancies may offset the direct additional 
costs of the repeat SET cycles required to maintain the same take home baby rate. However 
in many cases the direct costs of treatment are borne by the patients, whilst the costs 
associated with multiple births are (in the UK) met within the NHS. A recent publication 
(Ledger et al, 2006) has studied the impact of multiple births from a UK perspective. In 
addition there are less readily quantifiable costs associated with a potential requirement for 
extra treatment cycles per baby in eSET. 
  
What’s been done already: Six RCTs have been undertaken comparing forms of SET with 
DET in, generally, good prognosis patients (Gardner et al, 2004; Gerris et al, 1999; Lukassen  
et al, 2005; Martikainen et al, 2001; Thurin et al, 2004; Van Montfoort et al, 2006;  reviewed 
in Bergh, 2005). SET alone gives poorer outcomes in terms of live birth rate per implantation 
cycle but reduces the incidence of twins to a rate comparable with natural pregnancies. In 
one small randomised trial, SET with two episodes of embryo replacement is associated with 
a similar live birth rate as DET but with a significant reduction in the number of multiple 
births (Lukassen et al 2005, see also Thurin et al 2004). There is a lack of large, good-
quality trials comparing practical policies.  Cohort studies (reviewed in Bergh, 2005; Gerris, 
2005) show similar conclusions, but these are harder to interpret as the patients undergoing 
SET are selected by a combination of the clinician and the couple.  Most of these analyses 
use simple per treatment cycle endpoints and fail to account for the correlations between 
cycles. Clinical experience in Sweden and elsewhere (reviewed in Bergh, 2005) suggests that 
a legal prescription towards eSET has led to an increased use of SET whilst maintaining 
success rates and dramatically reducing twin rates. 
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Inference from patient cohorts:  Three approaches have been used: 
 

1. Estimation of pregnancy or live birth rates arising from SET v DET, with varying 
definitions and patient subsets (e.g. Gerris et al, 2002; Martikainen et al, 2004; De 
Neubourg et al, 2002; Tiitinen et al, 2003; Van Montfoort et al, 2005; Vilska et al, 
1999). These suffer from inbuilt biases in the selection of patients for SET. In many 
retrospective datasets it is difficult to know the true reason for SET. In some studies 
this is “patient choice”, in others it is perceived clinical need (patients for whom twin 
pregnancies are contraindicated) or some combination of the two. 

 
2. Logistic regression of success rates and twin rates in DET to determine factors that 

predict a high twinning probability (e.g. Strandell et al, 2000). These methods 
potentially identify high risk groups, but give no information on the potential 
outcomes if SET were used. 

 
3. Explicit modelling of embryo and recipient (uterine) effects. Within this framework 

models derived from DET data can be used to predict SET outcomes. The one 
published example of this (EU) approach, Hunault  et al (2002) use the Zhou & 
Weinberg (1998) model, but attributes all the prognostic parameters to the embryo, 
fitting a constant uterine receptivity (U). Our own work attributes the predictive 
factors to their natural level and includes both embryo and recipient covariates. 
These models have the advantage that they allow predictions of SET outcomes from 
multiple embryo transfer data, avoiding the selection issues in the retrospective 
comparative studies. The models make other assumptions, particularly around the 
independence of the embryo and uterine effects, although there is no evidence that 
these assumptions are inappropriate. 

 
In all these types of analysis considerable care and expertise is required in conducting and 
interpreting the analyses, not only because of the inbuilt biases of the observational data, 
but also to account appropriately for the non-trivial correlation structures between multiple 
egg-collection and replacement cycles from the same individuals and from centre and cohort 
effects. Such considerations are rare in the analyses published to date. 

 

1.2. Our own work 
We have undertaken methodological work (Roberts, 2006) on models that incorporate 
embryo-level effects – a non-trivial matter as it is often not known which of the transferred 
embryos implanted and gave rise to a pregnancy. These are generalisations of the Spiers EU 
model (Spiers et al,1983). We are currently using the EU approach to analyse our Manchester 
data and investigate the potential for SET. This work has demonstrated a number of 
prognostic factors and indicated that embryo quality may be rather more complex a 
predictor than has previously been assumed. From these models we have been able to 
obtain some preliminary predictions as to the potential success and twinning rates under a 
range of choices of SET v DET. These analyses suggest that regardless of the prognosis at 
that time, a decision based on a single transfer cycle is always likely to involve trading off a 
significant drop in the chance of having a baby against the relatively small risk associated 
with a significant chance of having twins.  We tentatively conclude that the SET v DET 
decision needs to be based on a multi-cycle perspective, either including further replacement 
cycles using frozen embryos, or further egg-collection cycles, but that larger and more 
diverse datasets are required with both fresh and frozen replacement cycles in order to draw 
firm conclusions.  We have a methodological interest in developing these approaches 
further, particularly to incorporate random effects in both the embryo and uterine response. 
Preliminary analysis of the Manchester cohort using maximum likelihood methodology 
indicates that these inter-cycle correlations between fresh cycles are significant if the simple 
EU model is used, but that they become undetectable if models incorporating the couple-
level covariates are used. We have also investigated these models in a Bayesian Markov-
Chain Monte-Carlo (MCMC) framework, and here we find (as have e.g. Dukic & Hogan, 2002; 
Natarajan & McCulloch, 1998) that convergence is poor and these MCMC approaches require 
careful application. 
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2. Planned investigation  

2.1. Research objectives  
 
1) To collate high-quality cohort data from a series of individual treatment centres to be 
considered alongside HFEA data and data from an ongoing embryo selection study. 
[Quarters 1-2] 
 
2) To develop predictive models from each of the three data sources for (a) twinning 
probabilities in patients treated with DET from fresh or frozen embryos, (b) success 
probabilities in couples receiving SET and (c) potential singleton and twin rates if couples 
had been offered SET. In each case to consider the full range of potentially prognostic 
factors associated with the couple and the available embryos, including age, fertility history, 
cause of infertility and embryo quality (the latter is not available for the HFEA data). [Q3-5] 
 
3) To understand, through qualitative work, the patient perspective on these choices as they 
travel through the treatment process. [Q1-4] 
 
4) To involve couples in developing patient-relevant outcome measures for IVF treatment 
programmes and a range of potential choices and treatment options for consideration. [Q1-
8] 
 
5) To consider a number of potential outcomes and denominators (including, but not limited 
to: per couple, per embryo transfer cycle, per stimulated cycle started, per completed cycle) 
from a clinical and patient perspective, and to predict these for potential treatment scenarios 
based on proposals in the literature, and developed with patients and clinicians. [Q6-7] 
 
6) To use the modelling results to investigate with patients the acceptability of the scenarios 
and the changes in public policy required to make SET acceptable. [Q7-8] 
 
7) To suggest appropriate randomised controlled trials to test the effectiveness of the most 
favourable policies. [Q8] 
 
 

2.2. Research methods 
 
The decision whether to have single or double embryo transfer is currently made by the 
individual couple following advice and counselling from the clinical staff. Thus in the present 
UK situation it is important to understand the patient perspective on twins and SET. Even if 
one were to advocate a policy of compulsory SET, in formulating such a policy the patients’ 
views would need to be considered.  Thus we propose an inter-disciplinary approach in 
which quantitative retrospective cohort studies and predictive modelling are embedded 
within qualitative studies of patient perspectives in an integrated manner. The various 
components are described below. 
 

2.3. Initial literature review 
 
We will review the literature to (1) identify studies where SET has been compared to DET, 
both randomised trials and cohort studies (recently reviewed in Gerris, 2005 and Bergh, 
2005);  (2)  identify prognostic factors to be included in the models; (3) identify series where 
published data are available with sufficient detail to be used in model verification and (4)  
identify strategies for the use of SET in clinical practice and the obstacles to their adoption. 
 

2.4. Retrospective Cohort studies (objectives 1 & 2) 
We will undertake a series of linked cohort studies to determine factors associated with 
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success and twin rates in SET and DET. Our collaboration will include the full spectrum of 
patient settings including NHS-funded patients attending a centre offering only NHS 
treatment (SMH), private patients attending a fully-private clinic (MFS) and NHS-funded, fee-
paying NHS patients and self funded (private) patients within NHS clinics (Leeds, 
Birmingham, Liverpool, Newcastle). The centres included cover a range of policies on SET, 
embryo selection and freezing. By considering the full range of patients, we ensure that our 
results can be generalised to patients treated within the NHS in the likelihood that future 
policy developments, such as the recent NICE recommendation, lead to changes in the 
demographic and clinical characteristics of NHS patients. 
Specifically we will collate data from the following sources: 
 

1. Data from the national HFEA register. This provides outcome data on each embryo-
replacement cycle conducted in the UK, with a useful, but not exhaustive set of 
patient, partner and cycle factors. However this dataset contains no embryo-level 
data. The data are anonymised, but records relating to the same couples are linked. 
For these analyses we would initially propose to use a 2000-2005 cohort, extending 
this if required. There are issues about data quality in such databases, but the 
Historic Audit project (due to be completed early 2006) will at least ensure the 
quality of the data in cycles which generated a pregnancy. [Collaborator: Charles 
Lister] 

 
2. A collection of single-centre information-rich datasets with embryo quality measures 

on all transferred embryos. We will extract a cohort with full outcome data for 
treatments completed in the 2000-2005 timeframe. We currently have 6 centres who 
have indicated they are willing to provide the necessary data, covering a range of 
practice and funding models, and which provide sufficient data for the purposes.  
a. We are currently analysing a large cohort (1998-2003) from the St Mary’s Assisted 

Conception Unit in Manchester - currently 1989 cycles from 1388 patients, with 
detailed treatment, prognostic and outcome data. We will update these data to 
give approximately 2400 cycles. These are entirely NHS-funded patients with a 
high rate of elective SET. [Daniel Brison and Brian Lieberman] 

b. Similar data are available from the Manchester Fertility Services clinic, with 
identical data recording and database. These are entirely private patients.  
Approximately 2000 cycles. [Brian Lieberman and Daniel Brison]   

 
 Both SMH and MFS have a Day 1 embryo freezing policy which means that maximum 
of 4 embryos are available for selection of one (SET) or two (DET) for transfer.   The 
following 4 collaborating centres are all NHS centres of excellence with a mixture of 
NHS and fee-paying patients.  They all have an embryo freezing policy which allows 
all embryos to be available for transfer, in contrast to SMH and MFS. 
 
c. Leeds (LGI). Again using the same database system.  Approximately 4000 cycles 

[Collaborator: Tony Rutherford] 
d. Liverpool Women’s Hospital. Approximately 4000 cycles. [Collaborator: Steve 

Troup] 
e. Newcastle Fertility Unit.  NHS and fee-paying patients. Approximately 2500 cycles.  

[Collaborator: Mary Herbert] 
f. Birmingham Women’s Hospital, NHS and fee-paying patients.  Approximately 

2400 cycles. [Collaborator: Sue Avery] 
 

3. We are currently conducting a prospective study of the use of amino acid profiles for 
the prediction of embryo viability. Recruitment is scheduled to complete by August 
2006 and full outcome data will be available during the course of this study. We will 
have 400 DET plus >100 SET with detailed embryo-level data, patient data  and a 
controlled clinical study setting, including external monitoring and validation of the 
data collection.  

 
From these data we will develop a series of statistical models for the various outcome 
measures (success, twins, per transfer cycle, per egg collection cycles etc.) as a function of 
the patient, embryo and treatment characteristics (see statistical methods section below).  
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This phase of the study will produce a series of statistical models relating outcome 
(singleton, twins) to prognostic indicators for fresh and frozen embryo transfer across 
multiple treatment cycles. These models will identify prognostic factors leading to high risk 
of twins and high chance of success, and provide the basis for the consideration of the role 
of SET.   

 

2.5. Patient perspectives (objectives 3 & 4) 
 
In this phase of the study we will undertake in-depth qualitative interviews with couples who 
are in the process of undergoing IVF treatment.  The aim is to explore the patient 
perspective of treatment choices as they travel through the treatment process. Therefore, 
interviews will take place at 3 key decision-making stages: a) waiting list; b) after the first 
information meeting and clinical appointment (pre-treatment) and c) after the second cycle 
of treatment. This latter group will allow for views to be assessed once the outcome of an 
initial treatment cycle is known and after the opportunity to reflect on the choices through a 
second treatment cycle. Approximately 5 to 10 couples per stage will be invited to take part 
in this study.  Purposive sampling techniques will be employed to ensure maximum diversity 
of sample to include different female ages, parity, duration of infertility and source of 
funding (which is related to the number of treatment cycles which the couple receive). 
Couples will be invited to take part in this study, and once consent has been obtained, 
interviews will take place in the setting (clinic/home) of their choice. 
 
Specifically we will plan: 

a. To assess couples’ knowledge and views on embryo transfer and twin birth prior to 
treatment, after counselling and post-treatment. 

b. To explore the potential facilitators and barriers to eSET. 
c. Evaluate the patient perspectives on the decision-making process during key stages 

of the treatment journey, including consideration of measures of success and 
attitudes to twin births. 

d. Determine the level of involvement couples would prefer in the decision making 
process regarding treatment choices. 

e. To establish at what stage (pre-treatment) information regarding treatment choices 
about eSET should be presented, and in what format.  

f. To explore couples attitudes to research, in particular, their understandings of 
randomisation. 

 
This phase of the study will improve our knowledge of information giving strategies relevant 
for this patient group.  Furthermore, a more in-depth understanding of the decision-making 
process that underlies the decision for SET and the factors likely to be important if a policy 
of encouraging (or mandating) eSET were to be considered. Outcomes which are of 
importance to the patients will be identified, and attitudes to research design will be 
explored.  The differing perspectives of patients, and their interaction with health 
professionals, will be understood in a more rigorous manner, and a range of potential 
strategies for the use of eSET established. 
 

2.6. Predictive Modelling (objectives 5 & 6) 
 
Based on our survey of the literature and the qualitative work above we will identify a limited 
number of potential treatment policies and choices involving the use of SET, based on a 
patient perspective of the whole treatment course. These will include, but not be limited to, 
single transfer cycle choices, single DET versus two cycles of SET (with the second fresh or 
frozen), and will include a range of couple prognoses. We will use the models developed 
above to predict the outcomes of the various scenarios for the whole range of prognostic 
factors, with estimates of their reliability. This predictive modelling will encompass both 
direct prediction from the models and the use of model parameters (and their associated 
uncertainties) to make predictions for treatment policies not contained within the source 
datasets. In developing the models we will take care to consider the correlations between 
cycles, and to assess the errors in the prediction, validating against both internal and 
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external data where these exist (see statistical methods below). Crucially, these will include 
consideration of the effect of different embryo selection/freezing practices (i.e. the 
maximum number of embryos available from which the one or two transferred are selected; 
see above), ignored by most previous studies. Specifically we will model  the impact of SET in 
centres (such as SMH and MFS)  in which only a limited number of embryos are available for 
selection for transfer (with remaining embryos being previously frozen) in comparison to 
centres in which all embryos generated are available for selection.    
 
We will establish three focus groups (two NHS, one private sector) of AC patients and 
partners who have been through the process and will present to them the results from the 
modelling process. This methodology has been successfully employed to explore sensitive 
issues (Kitzinger, 1995; 1990).  A convenience sample of couples who have undergone 
assisted conception treatment will be invited to participate in a structured focus group.  In 
order to facilitate maximum group interaction groups consisting of between 6 to 8 couples 
per group will be sought.  This size is considered ideal when dealing with knowledgeable 
groups (Krueger, 1994). Once informed consent has been obtained focus groups will be 
conducted within the clinic setting, and travel expenses will be reimbursed. Initially, two 
groups (one NHS; one private sector) will be conducted to obtain a range of potential 
viewpoints.  Following a general discussion about the various treatment options, a selection 
of scenarios from the statistical modelling will be presented to the groups in a user friendly 
format. The scenarios may include, for example,  a comparison of outcomes on a single-
cycle basis for couples with varying prognosis and a similar comparison of potential 
outcomes for choice between single cycle DET or two-cycle (fresh+frozen) SET, again for 
good and poor prognosis.  The groups will be asked to score the scenarios on a range of key 
variables using a Likert scale.  The findings from these two focus groups will be collated and 
then verified with a third focus group (NHS).  This will allow for issues raised in the first two 
groups, which may not have been on the research agenda, to be explored in more detail.  We 
will explore the responses to the results, and determine potential barriers to the proposed 
solutions.  This may lead to alternative strategies to be investigated. 
 
This final phase of the study will yield a range of potential policy decisions, their potential 
outcomes in terms of success and twin rates along with an understanding of their 
acceptability to patients and the factors that may impede or encourage their implementation. 
 

2.7. Towards randomised controlled trials (objective 7) 
 
Ultimately any proposed treatment strategies will need to be tested in rigorous randomised 
controlled trials (RCTs). Based on the knowledge gained from these studies we will suggest a 
design or designs for such trials, defining patient populations, treatments and endpoints. 
Such a trial would also include a rigorous health economic assessment.  The qualitative 
element of this project will establish existing views of patients regarding RCTs, and these 
can be incorporated into the trial design.  Furthermore, the findings will enable the 
production of accurate and targeted patient information.   

2.8. Proposed sample size  
 
Formal sample size computations are not appropriate here as the aim is to develop 
predictive models, not to formally test hypotheses.  Experience and heuristic arguments 
suggest that datasets in excess of 10,000 subjects will be required for this exercise. Rules of 
thumb for reliable predictive modelling suggest 10-20 events per considered variable. We 
expect to have around 40 potential variables which with a success rate of 20% would imply a 
minimum data set of 4000 independent cycles, around 8000 patients given that many 
patients have multiple cycles and we wish to look at multi-cycle endpoints. The sample size 
is in practice determined by the need to have a representative set of centres and a long 
enough time span to capture treatment histories along with computational feasibility, and is 
well in excess of the minimum numbers above.  
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3. Study Conduct  
 

3.1. Clinical Data Collation 
 
Data collation will be an iterative process involving close liaison between the project team 
and contributing centres and overseen by the SAB. Three datasets will be created as detailed 
in (§2.4) 
 

3.1.1. Routine data  
 
Detailed discussions will take place between the project team and each of the 7 contributing 
centres listed above (§2.4 1&2). Following these discussions a data collation plan will be 
drafted detailing  
 
1. The minimal dataset to be collected from every site 
2. Any additional site-specific data 
3. The time period to be collected for each site (may vary due to logistical issues – e.g. 

changes of data collection processes/database software) 
4. The details of the anonymisation and identification of repeat treatments from the same 

individuals (see §3.1.3 below) 
5. The method of data transfer (email or disk) 
6. The formats of each variable and the post-processing necessary to make these consistent 

across sites 
7. Descriptions of the embryo grading systems in use at each site and day of transfer 
8. Data checking/validity algorithms 
9. The structure of the final analysis database and the processing needed to get each 

centre’s data into the database. This will require careful consideration of the hierarchical 
structure of the data. 

 
This document will be circulated to the SAB for comments and formal approval (either at a 
face-to-face meeting or via email). 
 
An initial data extraction (maybe of just a sample of the data) and transfer to the project 
team will then take place and the processes outlined above tested and any issues resolved 
and any amendments discussed and approved.  
 
The full data extraction will then take place and the complete database assembled and 
verified. Such iteration as necessary will take place to resolve any data validity issues. 
Preliminary logistic regression models will be fitted to the assembled datasets using the 
minimal set of covariates defined in (a) above and any outliers and discrepancies resolved in 
consultation with the centres. After this stage the database will be locked. 

3.1.2. Trial data 
 
The trial data (§2.4 item 3) will be available to the study investigators as DB and SAR are CI 
and Study statistician respectively on that trial. These data are being collated by Hesperion 
as per the protocol for that trial and who will be providing an anonymised data set for 
analysis. 

3.1.3. Anonymisation 
 
No personally-identifiable clinical data shall be sent to or retained by the investigators. All 
data will be anonymised by the contributing centre. Each patient will be given a unique 
identifier, maintaining the same identifier across multiple cycles for the same patient. The 
appropriate form of the identifier will be determined separately for each centre depending 
on the practicalities of data extraction and database capabilities. The numbers allocated 
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must be such that no one outside the contributing centre can identify the patients, thus a 
hospital number will not be acceptable, but a reference internal to the database holding the 
data (eg row number in a patient identifier table) would be suitable. All personal identifiers 
will be removed prior to transmission of the data to the Chief Investigator for analysis. It is 
permitted that the centre retains a temporary copy of the allocated numbers cross-
referenced to patient/cycle identifiers so that problems with the data can be identified and 
resolved. Any such temporary lists will be destroyed at the end of the data 
extraction/validation phase of the project. 

3.2. Patient Perspective Interviews 
 
Note: The descriptions below refer to “couple” as the unit of investigation. This is not 
intended to imply that in all cases there will be two partners of opposite sex, and there is no 
exclusion criterion that refers to the patients relationships. If there are potential 
participants where the relationship is not that of the majority, or where only one partner 
wishes to be involved, then these should be handled sensitively and with appropriate 
tailoring of the invitation letters and information sheets as needed for the individual 
circumstances. 

3.2.1. Recruitment process 
 
Purposive sampling techniques will be employed to ensure maximum diversity of sample to 
include different female ages, parity, duration of infertility and source of funding (which is 
related to the number of treatment cycles which the couple receive). The qualitative 
researcher (LMcG) will draw up criteria for the patient characteristics in consultation with 
clinical investigators.  Additionally, patients will be made aware of the study at their 'waiting 
list' meeting (all potential patients are invited to attend this session prior to commencement 
of treatment, at which they are given basic information about their treatment).  For patients 
who have not had their initial meeting contact will be by letter, later stage patients will be 
approached in person by the Study Research Nurse in the clinic setting. 
 
Interviews will take place with patients at 3 key decision-making stages: a) waiting list; b) 
after the first information meeting and clinical appointment (pre-treatment) and c) after the 
second cycle of treatment (this time point is to capture the views of "experienced" patients, 
but as some couples will only receive a single cycle patients who have completed treatment 
with a single cycle may be included in this group).  
 
a) waiting list patients will be identified by the Research Nurse (who is part of the clinical 
team) from the waiting list.  The Research Nurse will obtain minimal contact details of the 
selected patients on the waiting list from clinic staff. The Research Nurse will then mail an 
INVITATION PACK which will include: 
 

1.  An invitation letter inviting couples to take part in this study. 
 
2. An information sheet explaining the rationale of the study, the design, and how it 
will be conducted and managed.  The principles of confidentiality, anonymity and 
privacy have been explained in the participant information sheet. 
 
3. A form to be completed by couples and returned to the researcher stating whether 
they want to take part in the study, or not, and how they can be contacted. The form 
will allow for couples to indicate that they would prefer to discuss the study further, 
with the researcher, prior to making a decision as to whether to take part or not. 
 
4. A stamped addressed envelope will be provided to return the forms stating their 
decision about participating to the researcher. 

 
All couples who receive an INVITATION PACK will be requested to complete and return a 
signed form if they are willing to participate in this study. 
 
Those who reply will be contacted directly by the qualitative researcher (LMcG) by 
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telephone/email to discuss the study further.  Any queries or concerns may be addressed at 
this point.  An appointment will be made for a mutually convenient time and place if they 
wish to take part in an interview.  Those couples who state that they do not wish to take 
part, or do not return the form, will not be contacted again about the study.   
 
b) after the first information meeting and clinical appointment (pre-treatment)and c) after the 
second cycle of treatment: 
  
At the next relevant clinic visit patients will be approached directly by the Research Nurse 
(who is a member of the clinical team).  The Research Nurse will have been fully briefed by 
the researcher (LMcG) regarding the aims and objectives of the study.  This will enable them 
to identify suitable participants at these 2 key treatment phases, so that they can introduce 
the study to patients. Potential participants will be given the information sheet and letter of 
invitation (on Hospital notepaper) by the nurse, who will explain the study verbally and 
answer any questions. Those who are willing will be contacted by telephone a few days later 
to ascertain if they are interested. Patients and partners will be given as long as the wish to 
consider participation. Those who express an interest to the Research Nurse will be asked to 
give contact details so that the research team can make an appointment for interview. The 
qualitative investigator (LMcG). will contact the potential participant by phone to answer any 
questions and make the practical arrangements for the interview. If the potential participants 
require further time to consider participation then a second phone call will be agreed.  
Formal written consent will be recorded at the interview after an additional explanation of 
the study and a further opportunity to opt out. 
 
All participants: 
 
Immediately prior to the interview the consent will be discussed and signed individual 
consent forms will be obtained. Couples will be reassured regarding confidentiality and 
anonymity.  A copy of the consent form will be given to the participants. A short 
demographic questionnaire will be completed prior to the interview which will ask only about 
those characteristics of importance to this study. 
 
 

3.2.2. Interview Conduct 
In-depth exploratory interviews, employing the conversational style, will be conducted with 
couples at the three key treatment stages of interest (waiting list; after the first information 
meeting and clinical appointment; and after the second cycle of treatment).  Interviews will 
be conducted in a setting of the couple’s choice (either home or clinic).  Travel expenses and 
refreshments will be provided for those couples who opt for a clinic setting.  All interviews 
will be taped, with permission, and transcribed prior to analysis.   
  
The interview will begin by asking couples to describe their individual experiences, including 
their interactions with the health care system.  In effect, the couples will be asked to tell 
their “stories”. Should topics not emerge that are relevant to the study the interviewer (LMcG) 
will refer to the interview schedule (Appendix 3) and guide the respondents accordingly.  In 
keeping with qualitative research the interviews will be analysed in stages.  Early interviews 
will analysed and the data used to inform the format of later interviews.  So when couples 
introduce information/areas which are new (i.e. not recorded in the literature or previously 
known to the researcher) these will be incorporated in to later interviews.   
 
All interviews will be coded by number and anonymised.  All interviews will be transcribed 
verbatim by secretarial staff who are used to dealing with material of a medical/research 
nature.  

3.3. Patient Focus Groups 

3.3.1. Recruitment process 
 
This will follow the process for the interviews (§3.2.1) and all patients will be first 
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approached by the Study Research Nurse in the clinic or by letter from a member of the 
Clinical care team. 

3.3.2. Focus Group Conduct 
 
Couples who express a wish to take part will be contacted by telephone or email (method of 
contact following their expressed preference) by LmcG and offered a choice of times and 
dates when the group meeting will take place. Immediately prior to the focus group the 
consent will be discussed and signed consent forms will obtained. Couples will be reassured 
regarding confidentiality and anonymity.  A copy of the consent form will be given to the 
participants at this time.  
 
Patients and their partners will be allocated to one of three focus groups (two NHS; one 
private sector) consisting of six to eight couples per group. Couples will be invited to attend 
these small group discussions at a suitable venue (St. Mary’s Hospital – NHS; Manchester 
Fertility Services – private sector); the necessary maps and bus routes will be provided. 
Travel expenses will be reimbursed.  The aim is to make these meetings as relaxed and 
informal as possible.  Couples who attend will be greeted warmly and light refreshments will 
be provided.   
 
The researcher (LMcG) will act as group facilitator.  An assistant (research associate) will 
maintain the tape recording equipment and take the necessary field notes.  The facilitator 
will encourage the group to discuss general areas of interest concerning assisted conception 
treatment to open the session.  Gradually, the facilitator will adopt a more interventionist 
style (Kitzinger, 1995), steering the debate towards topics of interest to the study (see 
Appendix 4).  It is anticipated that these group sessions will last one to two hours.  On 
completion, the couples will be thanked for contributing their time and effort to the project.  
All those couples who take part will be sent a resume of the main findings from the focus 
groups. 
 
All group interviews will be coded by number and anonymised.  All group interviews will be 
transcribed verbatim by secretarial staff who are used to dealing with material of a 
medical/research nature.  
 

3.4. Recording and transcript retention 
Interviews and focus groups will be recorded on two portable recorders (digital and standard 
audio-tape as back-up). After each interview the data will be stored immediately either on the 
University server (password protected) for digital material or stored in a locked cabinet 
(audio-tapes) on University premises. The qualitative researcher (LMcG) will act as principal 
custodian for the interview data.  Analysed data from the study will be stored for five years. 
 

3.5. Confidentiality 
Interviews will be transcribed a soon as possible and all personal names/identifiers will be 
changed.  Thus, after each interview the anonymised recorded data will be emailed to the 
transcriber.  When the interview has been transcribed, this will be emailed back to either the 
researcher and she will check the transcription back against the recorded interview and 
make any amendments. The transcriber will be asked to delete her copy of the recorded 
interview from her computer.  All digital recordings/tapes will be destroyed on completion of 
the study. 
 
All data sets will be assigned a unique code and will only be identified this way in any 
ensuing reports and publications.  Verbatim material reported by participants will be 
anonymised.  This will ensure that selected quotes cannot be linked to individual study 
participants.   
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4. Data Analysis 

4.1. Statistical analysis  
 
Within each of the cohorts we will use hierarchical logistic regression to develop predictive 
models for success per transfer cycle for patients receiving SET and DET from both fresh and 
frozen embryos. Within the DET cohorts we will develop similar models for twinning rates. 
These models will use aggregated embryo data and be applied to all three data series. 
Models will be developed which (a) include all potentially prognostic factors as determined 
from the literature and (b) include factors found to be predictive in the current series using 
statistical model selection based on the Akaike Information Criterion. 

 
For the single centre and AAP datasets where we have embryo-level data we will utilise the 
EU model (Speirs et al, 1983) and develop models for outcome per cycle which explicitly 
include recipient and embryo effects (Roberts, 2006; Zhou & Weinberg, 1998). Again models 
will be developed which (a) include all potentially prognostic factors as determined from the 
literature along with (centre specific) measures of embryo development and quality and (b) 
include factors found to be predictive in the current series using statistical model selection 
based on the Akaike Information Criterion. These models can be fitted using maximum 
likelihood and (more generally) using an MCMC approach and WinBugs. We have software 
written in R (R Development Core Team, 2005) which can fit the EU models by direct 
maximisation of the likelihood and which can include a couple-level random effect. We also 
have WinBugs (http://www.mrc-bsu.cam.ac.uk/bugs/winbugs/contents.shtml) code to fit 
these models by MCMC methodology, although this latter approach does suffer from slow 
convergence (Dukic & Hogan, 2002; Natarajan & McCulloch 1998). 
 
We will consider the full range of potential predictive factors, as far as the datasets will 
allow, and will take care that each variable is included in an appropriate manner. For 
instance our work with the Manchester data has shown that both age and embryo quality 
require appropriate semi-parametric methods (that analysis used cubic splines) to capture 
the complexities of the relationships. 
 
Essential to the modelling process will be the interaction between the statisticians, 
embryologist and clinicians. Regular discussion between the three groups will ensure that 
the models remain clinically relevant and will continually inform the modelling process. 
Statistical model selection methods will be employed, but these will not be used blindly, but 
in a supervised way informed by clinical knowledge. This interaction has proved essential in 
obtaining useful models of the Manchester data. 
 
We will give careful consideration to the hierarchical nature of data and within-cycle and 
within-patient correlations (Ecochard & Clayton, 1998).  For the HFEA data, and for combined 
analyses of the single-centre datasets,  this will require consideration of centre effects using 
appropriate random effect models. 

 
We will also give consideration to potentially more appropriate outcome measures which are 
derivable from the datasets and which take into account the whole treatment programme. 
Explicitly we intend to include, where possible, live birth per egg collection and cumulative 
pregnancy rate from patients with cycles early in each clinic cohort. Due consideration of the 
(both left and right) censoring of the treatment histories will inform the definition, utilisation 
and analysis of these endpoints, principally by ensuring rigorous definition of the endpoints 
and selection of appropriate analysis datasets.  
 
From these models we will be able to predict outcomes for a range of treatment scenarios. In 
particular the EU models will allow prediction of SET outcomes for those patients who 
received DET.  These predictions will include direct predictions from the models, and also 
predictions for treatment regimens beyond those encompassed within the datasets. For the 
latter we will use the parameter estimates from the models, including the estimates of inter-
cycle correlations to estimate outcomes for multi-cycle treatment programmes. We will 
utilise a number of approaches to determine the accuracy of the prediction, both statistical 
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(bootstrap, cross-validation and training/validation set methods) and internal (comparisons 
between the data series) and external (comparison with published trial data) comparisons. 
 
 
4.2. Qualitative Analysis 

Interviews and focus groups will be taped and transcribed verbatim. Data will be managed 
using specialist software for qualitative data (NVIVO). The data will be analysed using the 
principles of Framework analysis (Ritchie & Spencer, 1994). There are five key stages in the 
analysis: 1) Familiarisation – the transcripts will be read thoroughly by all researchers to 
identify key themes. 2) Developing a thematic framework - a framework was developed that 
was applied to the transcripts.  Following discussions with co-researchers, this framework 
will then be expanded and refined.  3) Indexing – themes and emerging subthemes are 
labelled and indexed. 4) Charting – framework involves devising a series of thematic charts 
or matrices.  5) Mapping and interpretation – the aim is to bring out the key characteristics 
and map and interpret the data as a whole.  A benefit of using Framework analysis is that 
strategies and recommendations for practice and policy may be elicited at this stage. 
 

4.3. Outcome measures  
 
The primary outcomes will be live birth and twin births. An important consideration in the 
modelling is the appropriate aggregated outcome measure, or measures, for a course of 
treatment. The live births per cycle started, egg collection or transfer cycle whilst 
convenient, are not appropriate measures by which to compare treatment scenarios which 
may involve multiple cycles. Part of the qualitative work proposed is to identify appropriate 
aggregated outcome measures which encompass the patient, clinical and societal 
perspectives of successful treatment. 
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5. Project Governance and Ethics 

5.1. Ethical arrangements  
 
Approval from an NHS Research Ethics Committee will be sought through the COREC system 
once funding is confirmed, and before the project commences. All the data are available 
from routine clinic or HFEA records, and there is no need to contact individual patients. All 
data will be anonymised on extraction and provided to the researchers without any personal 
identifiers. As such we believe it is unnecessary, as well as impractical to seek individual 
patient consent, and indeed it would probably be considered unethical to re-contact patients 
unnecessarily. We have obtained ethics approval to analyse the Manchester data on this 
basis. The qualitatitive work will involve patients, and written informed consent will be 
obtained. This work has the potential to raise distressing topics and provoke conflict. We will 
work closely with the subfertility counsellors to minimise and mitigate such events, and the 
interviewer has the necessary experience and training to deal with such issues as may arise.  
 

5.2. Research Governance  
Research governance will be overseen by the University of Manchester. PS120906 
 

5.2.1. Management Group 
 
The project will be managed by a Management Group comprising the named investigators, 
the RA statistician, the Study Nurse involved in recruitment and the qualitative research 
assistant. This will meet monthly to oversee the project.  
 

5.2.2. Advisory Group 
 
In addition we will create an Advisory Group (AG) drawn from the wider collaborators and 
including a patient representative. The AG will meet at the start of the project to approve the 
protocol and at approximately 6 month intervals to provide guidance and a wider clinical 
perspective. See appendix 5 for membership. This group will be chaired initially by the Chief 
Investigator, but may elect its own chair at the first meeting. The format of the meetings will 
be agreed by the Group at the first meeting. The first meeting will be face-to-face and will 
provide an opportunity to meet the research team. 
 

5.2.3. Contracts 
 
The investigators all have contracts with both the University and the Central Manchester 
Trust and similar arrangements will be made for all those working on the project. 
 

5.2.4. Publication 
 
All manuscripts and conference presentations must be approved by the Management Group 
before submission. Authorship will be determined by that group following the Vancouver 
Group guidelines (www.icmje.org)  Specifically we note: 
 

• Authorship credit should be based on 1) substantial contributions to conception and 
design, or acquisition of data, or analysis and interpretation of data; 2) drafting the 
article or revising it critically for important intellectual content; and 3) final approval 
of the version to be published. Authors should meet conditions 1, 2, and 3. 

 
• Acquisition of funding, collection of data, or general supervision of the research 
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group, alone, does not justify authorship. 
 
All collaborators contributing data will be acknowledged by name and affiliation in all 
publications that use that data, and contributors will have the chance to review the 
manuscript before submission. 
 
Unless otherwise indicated (e.g. for methodological or other sub-studies) the default is that 
all 5 investigators and the RA will be listed as authors of all publications together with 
anyone else who has made a significant intellectual input to the manuscript. 
 
The primary publication will be the HTA monograph which will be authored by the named 
investigators and the RA and reviewed by the SAG. 
 

6. Project timetable and milestones 
 
We propose a 4-month lead in time from confirmation of funding to the formal project start. 
During this time we will obtain ethical and  Trust R&D approvals and appoint the Research 
Associate. We anticipate that this will lead to a start date of 1/1/07, but this could be earlier 
or later if required by the contractual process. The project is then expected to last for 2 
years. 
 
 Year 1 Year 2 
 Q1 Q2 Q3 Q4 Q5 Q6 Q7 Q8 
Literature review x x x x     
Collate and clean 
datasets 

x x       

Preliminary analyses   x      
Logistic modelling   x x     
EU modelling    x x    
Scenario modelling     x x x  
Patient/clinician 
perspectives 

x x x x     

Analysis of qualitative 
data 

  x x x x   

Patient consultations   x x x x x x 
Write up        x 
 
 
Key milestones: 
 
Project start: Ethical approval obtained and Research Associate in post 
6 months: Single centre datasets collated and validated  
12 months: Patient interview work on perspectives completed 
12 months: Logistic modelling of SET & DET cohorts 
15 months: EU modelling of single-centre data 
18 months: Patient/clinician perspectives analysis complete 
21 months: Analytic work complete 
24 months: Write up complete 
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7. Collaborators 
 
Jenny Dunlop, SMH counselling service 
 
Tony Rutherford (Leeds) 
 
Steve Troup (Liverpool) 
 
Mary Herbert/Jane Stewart (Newcastle)  
 
Sue Avery (Birmingham)  
 
Charles Lister on behalf of the HFEA. 
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Appendix I  Interview recruitment documents 
 

• Invitation letter 
• Return Slip 
• PIS for interviews 
• consent form 
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Appendix ii  Focus group recruitment documents 
 

• Invitation letter 
• Return Slip 
• PIS for focus groups 
• Consent form 
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Appendix IV Focus group topic guide 
 

 
 

FOCUS GROUP TOPIC GUIDE 
 

 
TOPIC AREAS TO BE DISCUSSED: 

 
 Open with a general discussion about the various treatment options e.g. 

Single embryo transfer (SET) – 1 cycle 
Double embryo transfer (DET) – 1 cycle 
SET with fresh embryo – 1 cycle 
SET with frozen embryo 1 cycle 
SET with one fresh & one frozen embryo – 2 cycle 

 
 Present a selection of scenarios from the results of the statistical modelling: 

Provide instructions to the group (via a Powerpoint slide).  This will cover: 
What the terms mean 
How to read the scenarios 
How to rate the scenarios 
How long they have got to read and rate the scenarios 
Any questions before we begin? 

 
 Explore general views, opinions and attitudes to the various scenarios 

presented: 
Did you find the exercise easy to do? 
Was this a useful exercise? 
Did any of you change your mind about a treatment after reading these 
scenarios? 
How do you feel about a policy that encourages SET?  
Is this different to how you felt before? 
What would be your preferred treatment option? 
What do you think is a ‘good’ treatment outcome? 

 
 Discuss the concept of randomised controlled trials 

                       What is your understanding of randomised controlled trials? 
How you would feel about being ‘randomised’ to receive either one or two 
embryos? 
If you were invited to take part in such a trial would you agree to participate? 
 
 

 Is there anything I have missed in our discussion that you consider to be 
important? 
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Appendix V  AG membership and role 
 

A1.1 Membership 
 
Jenny Dunlop, 
Tony Rutherford (Leeds) 
Steve Troup (Liverpool) 
Jane Stewart (Newcastle) 
Sue Avery (Birmingham). 
Juliet Tizzard (HFEA) 
Cheryl Fitzgerald (St Marys)  
Debbie Falconer (MFS) 
Clare Brown, Infertility Network UK 
 

A1.2 Role 
 

• To contribute scientific and clinical expertise and real-life experience to the project. 
 

• To approve the study protocol and any substantial amendments 
 

• To monitor the project progress 
 

• To advise the Steering Group on the conduct of the project 
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Toward Toward Single EmbryoSingle Embryo
Transfer?Transfer?

Online ForumOnline Forum
Discussion with Members ofDiscussion with Members of

Infertility Network UKInfertility Network UK

Facilitated by Dr Linda McGowanFacilitated by Dr Linda McGowan

Toward Toward Toward Toward Toward 

towardSET?
Predictive models &
Patient perspectives

Supplementary MaterialSupplementary Material
Focus Group PresentationFocus Group Presentation

(online version)(online version)

Note: This presentation reflects interimNote: This presentation reflects interim
results and interpretation at the time ofresults and interpretation at the time of
the presentation. For the final resultsthe presentation. For the final results
and conclusions see the main report.and conclusions see the main report.
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BackgroundBackground

• The decision to transfer one (SET) or two
(DET) embryos in an IVF treatment cycle
is complex and based on several factors
e.g. couple's prognosis, the freezing and
quality of surplus embryos for future
transfer and the finite number of NHS-
funded (or privately affordable) cycles

• What are the views of patients?

AIMS and OBJECTIVES of thisAIMS and OBJECTIVES of this
Online ForumOnline Forum

• To give an overview of the project

• To discuss draft guidelines regarding
single embryo transfer

• To show results from the analysis of
datasets

• To listen to your comments and
questions
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Overview of Overview of towardtowardSETSET? Study? Study

Treatment 
scenarios
(single or 
multicycle)

Statistical
modelsFive

datasets

Clinical
opinion

Pre-treatment

Mid-treatment
Patient

perspectives

Post-treatment

Predicted 
outcomes

Patient
groups

A multidisciplinary approach combining high-level
statistical modelling of routine clinical data and in-
depth consultation with IVF patients

Why SET?Why SET?
• 1 in 4 IVF pregnancies results in twins (× 10

higher than conventional pregnancies)
• Twin pregnancies have higher risks for

mothers
• Twin babies have greater risk of

prematurity, low birthweight and
abnormalities

• May lead to longer term problems –
developmental, social, financial
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MAIN THEMESMAIN THEMES
7 main themes:
• Views on single embryo transfer policy
• Views on multiple birth
• Sources of information
• Individual risk assessment
• Experience of treatment
• Consultation process
• Views on randomised controlled trials

Patient interviewsPatient interviews

• In-depth interviews conducted with 27
patients (12 couples and 15 women)

• All patients undergoing (or about to
undergo) IVF treatment

• Interviewed at 3 key treatment stages –
pre-treatment, in treatment, post treatment

• Mixture of NHS and private treatment
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Questions regarding policyQuestions regarding policy
initiatives?initiatives?

• Initial thoughts?

• What do people think about this policy?

• What sort of advice and/or education
would people need to encourage them to
choose SET?

Please post any responses directly on
to the forum

Human Fertilisation andHuman Fertilisation and
Embryology Authority (HFEA)Embryology Authority (HFEA)

• Introduced a new policy that aims to reduce
centres´ IVF multiple birth rates. The policy aims
to lower the average national multiple birth rate
from its current rate of 24% (of all live birth
events following IVF/ ICSI) to 10% over a
number of years

• From 1 January 2009, all licensed treatment
centres need to have in place a documented
multiple births minimisation strategy which will
set out how they intend to reduce their annual
multiple birth rates and to ensure that they do
not exceed HFEA-set maximum figure
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The The towardtowardSETSET??
collaboration datacollaboration data

• 12,500 cycles from 9000 couples
analysed (from clinic data bases)

• Data collected 2000–2005
• 5 UK centres
• Private, fee paying and NHS

towardtowardSETSET??
First results from statisticalFirst results from statistical

modellingmodelling
Steve Roberts & Mark HirstSteve Roberts & Mark Hirst
University of ManchesterUniversity of Manchester

towardSET?
Predictive models &
Patient perspectives
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What the next slide showsWhat the next slide shows……
• The next slide shows the effect of age on

outcome in IVF treatment (all fresh cycles in
our dataset with two embryos transferred)…

• Not surprisingly, the rate of treatment
success (IVF resulting in a live birth)
decreases with advancing age.

• Twin risk (the chance of twins if you have a
successful treatment) shows a similar
decline with age

What factors predict IVF success ?What factors predict IVF success ?
• Main factors:

– Age
– Embryo quality
– Number of embryos available

• Less important:
– Centre
– Diagnosis
– Previous birth
– Previous unsuccessful attempts

• Minor importance:
– Lifestyle (smoking, BMI, alcohol) – but less than the above

factors

…and same factors predict twin risk



DOI: 10.3310/hta14380� Health Technology Assessment 2010; Vol. 14: No. 38

© 2010 Queen’s Printer and Controller of HMSO. All rights reserved.

203

Any comments or questions?Any comments or questions?

• Please post any comments and/or
questions on the forum

Age Age –– the main factor? the main factor?

19 23 27 31 35 39 43
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The figure shows the effect of age on outcome in IVF for fresh DET
cycles…
Not surprisingly, the rate of treatment success (IVF resulting in a live
birth) decreases with increasing age, and the twin rate and success
rates show the same pattern

Coloured boxes
indicate the range of
outcomes for most
patients of a given age,
and the ‘whiskers’
indicate the extremes
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What the next slide showsWhat the next slide shows……
• The next slide puts some numbers on the

potential loss in success rate
• Considering just the first (‘fresh’) transfer there is

an appreciable drop across the board in success
rates with SET compared with DET

• Later slides show some of the things that can be
done about it and how they may help offset this
loss

The balanceThe balance……
• If we accept that twin rates should be

reduced, then we need to do fewer double
embryo transfers and more single embryo
transfers

• This must lead to a lower
success rate in each SET
transfer

• But in SET the risks of a twin
pregnancy to both mother and
babies is virtually eradicated
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Implications of SETImplications of SET
• So if all transfers were SET, per-transfer

birth rate would go down from 24% to 17%
(selecting ‘best’ embryo) – this loss of 1/3
is also what is seen in clinical trials

• There is a slightly greater loss in older
patients compared with younger ones, but
there are no patient groups who would not
have a reduced per-transfer success rate

Implications of SET for one cycleImplications of SET for one cycle
• If all DET transfers in our cohort had been SET, per-

transfer birth rate in fresh cycles would go down from
24% to 17% (selecting ‘best’ embryo)

16%

22%

25%

Average
35-year-

old

6%21%Calculated SET
birth rate

13%28%Twin rate
(per live birth)

10%30%2 embryo birth rate
(per transfer)

Average
40-year-

old

Average
30-year-

old

22% 13%About 1/3 fewer
across the board
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Any comments and/or questionsAny comments and/or questions
so far?so far?

Please post any responses directly on to the
forum…

…The next slides will look at two
approaches to maintaining success rates:
patient selection for SET and embryo
freezing

So what can be done to maintainSo what can be done to maintain
IVF success rates with SET?IVF success rates with SET?

• Selecting patients with highest twin risk for
SET

• Further full cycles for those who have SET
• Embryo freezing and further frozen embryo

transfers
• Better embryo selection – e.g. blastocyst

transfer
• Other improvements in treatment – which

are happening all the time
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Targeting SET can mitigate lossTargeting SET can mitigate loss
in per-transfer birth ratein per-transfer birth rate……

Excluding monozygotic twins 

All SET

Random selection

Age <35

Age <36 and 1 good embryo

1 good embryo, >4 created

Age <40, 1 good embryo, >4 created

Full Model

All DET

Births per transfer (%)
0 5 10 15 20 25 30 35

All SET

Random selection

Age <35

Age <36 and 1 good embryo

1 good embryo, >4 created

Age <40, 1 good embryo, >4 created

Full Model

All DET

Births per transfer (%)
0 5 10 15 20 25 30 35

  %SET

  0

  42

  52

  54

  54

  58

  70

  100
Twins
Singleton

Outcomes for SET, DET
and various selection
policies to achieve a 10%
twin rate (fresh cycles)

What the next slide shows youWhat the next slide shows you……

• The next slide shows that if single embryo
transfer is targeted to specific groups (for
example, women aged 35 and under with
at least one good-quality embryo to
transfer) then the overall loss in success
rate (a live birth) can be limited somewhat

• The examples shown include selection of younger
patients, those with a good embryo, and those with a lot
of embryos (i.e. a chance for further frozen transfers)
along with random selection and selection using a
statistical model including many patient characteristics
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What about freezing embryos?What about freezing embryos?
• The analysis indicates that with good

cryopreservation techniques adding just
one frozen transfer to a fresh SET cycle
(i.e. 2 treatments) can give similar overall
outcomes to a DET transfer (1 treatment)
but very few twins

• This has been seen in a few small clinical
trials, but not conclusively demonstrated

Comments or Questions?Comments or Questions?
• Initial thoughts?
• Do you think that if patients viewed data

like this it would have any effect on their
(potential) decision making to have one or
two embryos implanted?

• Was seeing this data useful?
• How should clinics reduce their twin

pregnancy rates?
• Any other questions, comments or queries

( please post directly on to  the forum)?
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Comments or Questions?Comments or Questions?

• What do you think about additional cycles
to compensate for loss in success from
SET?

• What about the extra treatments?
• What about freezing embryos?

Please post any responses directly on to the
forum

What about freezing embryos?What about freezing embryos?
• The analysis indicates that, if all available

embryos are used, then replacing them
one at a time (an average of 3 cycles) can
give similar overall success rates to
transferring them two at a time (an
average of 2 cycles)

• Also a second fresh SET cycle (including a
second stimulation and egg retrieval)
would more than compensate for the loss
in success from DET
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Thank you for your timeThank you for your time  ––
much appreciated!much appreciated!

Are you OK?Are you OK?
Please remember if you feel upset (not our
intention at all) by any of the issues raised in this
presentation you can:
• Speak to/leave a message on the forum for

Diane Arnold on the I N UK Professional
Advice Line

• And/or it might help to share your experiences
with others who have undergone a similar
treatment programme by either contacting one of
the I N UK volunteer helpliners or by utilising
the I N UK forums/chat rooms on their website
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