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a b s t r a c t

The improvement in IVF cryopreservation techniques over the last
20 years has led to an increase in elective single embryo transfer,
thus reducing multiple pregnancy rates. This strategy of successive
transfers of fresh followed by frozen embryos has resulted in the
acceptance of using cumulative live birth over complete cycles of
IVF as a critical measure of success. Clinical prediction models are a
useful way of estimating the cumulative chances of success for
couples tailored to their individual clinical factors, which help
them prepare for and plan future treatment. In this review, we
describe several models that predict cumulative live birth and
recommend which should be used by couples and/or their clini-
cians and when they should be used. We also discuss the most
relevant predictors to consider when either developing new IVF
prediction models or updating existing models.
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Background

Over the last 15 years, IVF practice has shifted from predominantly transferring multiple fresh
embryos at a time to transferring a single fresh embryo (preferably a blastocyst), followed by successive
episodes involving the transfer of single frozen-thawed embryos [1e3]. This change has been triggered
by improvements in extended culture and embryo cryopreservation techniques. Such practice has seen
the reduction of multiple pregnancies without compromising live birth rates and has led to a shift in
the way outcomes are reported [4,5]. The traditional focus on live birth rates per fresh cycle has
expanded to incorporate cumulative live birth rates, which reflect the impact of frozen embryo re-
placements following an initial fresh transfer, as well as subsequent treatment episodes [6e9]. Cu-
mulative live birth rates are more helpful to couples and clinicians because they allow them to plan
their care over a period of time [10]. While useful for getting an overall picture of IVF success at a
national or clinical level, average cumulative live birth rates are not suitable for personalised medicine
given that many patient and treatment-level characteristics can affect the chances of live birth in every
couple [11]. A way of estimating the chance of live birth by factoring in all of these important char-
acteristics is to use clinical prediction models.

Clinical prediction models are mathematical equations that allow us to combine a number of pa-
tient characteristics to predict an outcome in an individual [12]. These models can be used to predict
the chance of a diagnosis or a consequence of a medical condition over a specified period of time. The
former is usually termed a diagnostic model and the latter a prognostic model. In reproductive
medicine, we are usually concerned with predicting pregnancy outcomes by means of prognostic
models. For predictionmodelling, we are primarily interested in the absolute risk of an individual given
their personal characteristics. The term absolute risk refers to the chance that a patient will have the
outcome over some specified time period, e.g., a 20-year-old woman with unexplained infertility may
have a 20% chance of live birth without IVF over the next two years. Absolute risk is different from
relative risk which concerns the chance of the outcome occurring for one group of patients compared
with some other group, e.g., the chance of live birth without treatment over the next two years for the
averagewomanwith endometriosis relative to the averagewomanwith unexplained infertility may be
a half. Because the term ‘risk’ is often used for unfavourable outcomes, we tend to use the term ‘chance’
for favourable outcomes such as live birth.

Clinical prediction models have different uses, which must be decided before they are developed.
They can be useful for providing evidence-based input for shared decision-making around in-
terventions such as the choice of treatment, increased (or decreased) monitoring or referral to
specialist care. They can also be useful to counsel patients or stratify patients by disease severity for the
treatment or research (e.g., inclusion in randomised trials). Specifically, IVF prediction models may be
useful for informing patients of their individual chances of having a baby to manage their expectations
and allow them to prepare physically, emotionally and (where relevant) financially for future treat-
ment. In this review, we examine existing IVF prediction models, which attempt to predict the cu-
mulative chances of a live birth over several complete IVF cycles (i.e., cycles involving fresh and frozen
embryos created from a single oocyte retrieval episode) using clinical data. We will provide recom-
mendations as to which models are best for clinical and patient use. We will also consider which
predictors are the most important to include for researchers wishing to validate or revise existing IVF
models.

Cumulative live birth prediction models

In early 2020, a systematic review found 35 IVF prediction models in existence and reported on
their methodological quality and predictive performance [13].

Three models (published before the end of January 2019) predicted cumulative live birth per
woman [14,15]. The first estimated the cumulative live birth up to three fresh embryo transfer attempts
but excluded any subsequent frozen embryo transfers [14]. The other two models were developed
using national UK data that predict the cumulative chance of a live birth over multiple complete cycles
of IVF [15]. The term ‘complete cycle’ is used throughout this review and is always defined as all fresh
and frozen embryo transfers resulting from a single episode of ovarian stimulation. The pre-treatment
2
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model calculates the cumulative chance of live birth and should only be used before starting the first
IVF cycle. The predictors in this model include complete cycle number, female age, duration of infer-
tility, previous pregnancy status, cause of infertility (tubal factor, male factor, anovulation or unex-
plained infertility) and type of treatment planned (IVF versus intracytoplasmic sperm injection (ICSI)).
The post-treatment model revises the prediction at the time the woman undergoes her first embryo
transfer and includes extra treatment-specific predictors such as the number of eggs collected, the
number of embryos transferred (0e3) and the age of the embryo, i.e., blastocyst or cleavage stage.
Thesemodels (available as the OPIS prediction calculators here: https://w3.abdn.ac.uk/clsm/opis) were
also subsequently externally validated on an independent prospective cohort of 1515 women from The
Netherlands [16] (see Table 1). The pre-treatment model had a relatively low c-statistic of 0.62 in the
external cohort and needed recalibration. The c-statistic is a measure of model discrimination. To
understand what discrimination means in this context, imagine a random pair of patients from the
external cohort, where one patient actually had a live birth and the other did not. The model should
ideally have calculated a higher predicted chance of live birth for the patient who had the baby. If we
repeat this for all possible pairs, then the proportion correctly assigned a higher prediction gives us the
c-statistic. A c-statistic of 0.5 means that our model is no better at distinguishing between low- and
high-risk patients than a coin toss, while a c-statistic of 1 means the model is perfect (which is never
the case). Calibration, on the other hand, is concerned with the agreement between the predicted and
observed events and is ideally assessed using a flexible calibration curve [17]. The post-treatment
model performed better with a c-statistic of 0.71 and did not require recalibration. The validation
study also updated the models by adding BMI, anti-Müllerian hormone (AMH) and antral follicle count
(AFC). All three improved the discrimination in the pre-treatment model (c-statistic ¼ 0.66), while no
improvement was found in the post-treatment model (c-statistic ¼ 0.71). The post-treatment model
was adjusted for the number of eggs collected, which could also be seen as a reflection of ovarian
reserve. On the basis of these results, the additional value of the ovarian reserve tests can be questioned
when a prediction model includes treatment information such as the number of eggs, given the extra
cost and physical burden associated with them. Female age is known to be correlated with ovarian
reserve, which may reduce the added value of these tests [18]. The post-treatment model was rec-
ommended in the review by Ratna et al. (2021) [13], on the basis of its methodology, predictive per-
formance and the quality of reporting [13,15,19]. However, the pre-treatment model (which had lower
discrimination) is arguably more useful, given that its intended moment of application is before IVF
begins. The biggest limitation of these UK models is that the data used to develop the model are more
than 13 years old, which may affect the accuracy of the model when applied to today's patients. The
HFEA data did not have some potentially important predictors, which could have been included such as
BMI, paternal age, alcohol intake, smoking and markers of ovarian reserve.

Models of note since the Ratna systematic review (2020e2022)

Since the Ratna review, two further model development studies are worthy of discussion. Both have
predicted cumulative live births over multiple complete cycles (Table 1).

The US

Two prediction models have been generated in one study, which used national data from the So-
ciety for Assisted Reproductive Technology (SART) in the US [20]. A pre-treatment model estimates the
individualised chance of cumulative live birth over the first three complete cycles. The post-treatment
model predicts chances before starting the second complete cycle in couples whose first complete
cycle was unsuccessful. The model is available as a prediction tool at sart.org. The pre-treatment model
was adjusted for female age, previous full-term birth status, type of infertility (male factor, polycystic
ovary syndrome, uterine factor, diminished ovarian reserve and unexplained infertility) and the fe-
male's BMI. A second pre-treatment model was also created for women who had an AMH measure-
ment. An important assumption with these models is that continuous predictors, e.g. age, should have
a linear relationship with the outcome. Age, BMI and AMH had a non-linear relationship with live birth
and so were included in the models as restricted cubic spline terms. As the value of the AMH level
3



Table 1
Clinical prediction models predicting cumulative live birth for couples undergoing IVF including validation results and
predictors.

Time of use in
patients

Study Country of
development

Outcome Internal
validation
performance

External validation
performance

Predictors

Before first
ovarian
stimulation

McLernon
et al., 2016
[15]

UK CLB up to six
complete cycles

C ¼ 0.69 (95%
CI 0.68 to
0.69)
Calibration
slopea ¼ 0.996

Prospective cohort
from The
Netherlands
(Leijdekkers et al.,
2018) [16]: C ¼ 0.62
(95% CI 0.59 to 0.64)
Calibration-in-the-
large ¼ �0.23 (95%
CI -0.36 to �0.10);
calibration
slope ¼ 0.98 (95% CI
0.69 to 1.27) (after
recalibration, the
calibration plot
showed improved
accuracy of
predictions)
After updating
model with AMH,
AFC and body
weight, C ¼ 0.66
(95% CI 0.64 to
0.68)b

Complete cycle
number (1e6),
woman's age,
duration of
infertility,
treatment type (ICSI
versus IVF), Year
first complete cycle
started (for
predictions in new
patients, this was
always set to the
latest year, 2009),
tubal infertility,
male factor
infertility,
unexplained
infertility,
anovulatory
infertility, previous
pregnancy in
couple.

McLernon
et al., 2021
[20]

USA CLB up to three
complete cycles

C ¼ 0.71
(increasing to
0.73 when
AMH
included).
Calibration
plots show
good
agreement.

Not done Complete cycle
number (1e3),
woman's age,
previous full-term
birth, male factor
infertility,
polycystic ovary
syndrome, uterine
factor, diminished
ovarian reserve,
unexplained
infertility, woman's
BMI, AMH (in
secondary model
only)

Van
Loendersloot
et al., 2013
[25]

The
Netherlands

Predicts ongoing
pregnancy over the
first complete
cycle. Also, predicts
for each successive
complete cycle
assuming the
previous complete
cycles failed.

C ¼ 0.68 (95%
CI 0.65 to
0.70).
Calibration
using Hosmer-
Lemeshow
test, p ¼ 0.41

Temporal validation
on 440 couples by
development team.
C ¼ 0.68 (95% CI
0.63 to 0.73);
Calibration
slope ¼ 0.85 (95% CI
0.53 to 1.17)
indicating slightly
optimistic
predictions. Model
was recalibrated.
External validation
using data from 840
women from a clinic
in Italy (Sarais et al.,
2016)
C ¼ 0.64 (95% CI
0.61 to 0.67);
calibration

Woman's age,
duration of
infertility, previous
ongoing pregnancy,
male factor
infertility,
diminished ovarian
reserve,
endometriosis,
basal FSH, number
of previous failed
cycles, age X male
infertility,
endometriosis X
diminished ovarian
reserve. Embryo
parameters based
on previous failed
cycles: Embryo yes
v no after ovum
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Table 1 (continued )

Time of use in
patients

Study Country of
development

Outcome Internal
validation
performance

External validation
performance

Predictors

slope ¼ 1.88 (95% CI
1.51 to 2.33)
reflecting poor
agreement, which
improved after
recalibration [26].
External validation
in 591 couples in
single Belgian clinic
(Devroe et al.,
2020). C¼ 0.64 (95%
CI 0.61 to 0.68);
calibration
slope ¼ 0.643 (95%
CI 0.471 to 0.815).
Model was refitted
to validation data
and not recalibrated
[27].

retrieval, number of
embryos after ovum
retrieval, mean
morphological
score all embryos
day 3, 8-cell embryo
yes v no on day 3,
morulae yes v no on
day 3.

After embryo
development
in first cycle

Zhu et al.,
2021 [30]

China CLB over the first
complete cycle

C ¼ 0.7394
(10 � 10-fold
cross-
validation)

Not done Woman's age,
number of oocytes,
number of good
quality embryos
(defined as 6e12
blastomeres graded
1 and 2),
fertilisation rate,
treatment type (IVF
versus ICSI),
duration of
infertility

At first embryo
transfer
attempt

McLernon
et al., 2016
[15]

UK CLB up to six
complete cycles

C ¼ 0.76 (95%
CI 0.75 to
0.77);
Calibration
slopea ¼ 0.998

Prospective cohort
from The
Netherlands
(Leijdekkers et al.,
2018) [16]:
C ¼ 0.71 (95% CI
0.69 to 0.74)
Calibration-in-the-
large ¼ �0.01 (95%
CI -0.12 to 0.11);
calibration
slope ¼ 0.97 (95% CI
0.77 to 1.19). After
updating model
with AMH, AFC and
body weight,
C ¼ 0.71 (95% CI
0.69 to 0.73)b

Complete cycle
number (1e6),
woman's age,
duration of
infertility,
treatment type (ICSI
versus IVF), Year
first complete cycle
started (for
predictions in new
patients, this was
always set to the
latest year, 2009),
tubal infertility,
previous pregnancy
in couple,
cryopreservation of
embryos in first
complete cycle (yes
v no), the number of
eggs collected in
first complete cycle,
stage of embryos
transferred (no
embryo transfer,
single cleavage,
single blastocyst,
double blastocyst,

(continued on next page)
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Table 1 (continued )

Time of use in
patients

Study Country of
development

Outcome Internal
validation
performance

External validation
performance

Predictors

triple cleavage,
triple blastocyst
versus double
cleavage).

Before second
ovarian
stimulation

Ratna et al.,
2022 [21]

UK CLB from the
second up to the
fourth complete
cycle

C ¼ 0.66 (95%
CI 0.65 to
0.67)

Temporal validation
on UK data (2010
e2016)
C ¼ 0.65 (95% CI
0.64 to 0.65);
Calibration-in-the-
large ¼ �0.08;
Calibration
slope ¼ 0.85 (95% CI
0.81 to 0.88). Model
was recalibrated by
subtracting 0.22
and multiplying all
regression
coefficients by 0.85.

Complete cycle
number (2e4),
woman's age,
duration of
infertility,
treatment type (ICSI
versus IVF), Year
second complete
cycle started (for
predictions in new
patients, this was
always set to the
latest year), tubal
infertility, time
between the first
and second egg
retrieval (months),
the number of eggs
retrieved at the first
complete cycle,
outcome of first
complete cycle (live
birth, pregnancy
loss versus no
pregnancy)

Before second
ovarian
stimulation
in those
whose first
complete
cycle did not
result in a
live birth

McLernon
et al., 2021
[20]

USA CLB from the
second up to the
third complete
cycle

C ¼ 0.71;
Calibration
plots show
good
agreement

Not done Complete cycle
number (2e3),
woman's age, male
factor infertility,
polycystic ovary
syndrome, uterine
factor, diminished
ovarian reserve,
woman's BMI, the
number of eggs
collected at first
complete cycle.

CLB ¼ cumulative live birth.
a Optimism-adjusted calibration slope calculated using non-parametric bootstrap (see supplementary text of McLernon et al.,

2016) [15].
b Optimism adjusted c-statistic using non-parametric bootstrap (see Leijdekkers et al., 2018) [16].
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increased so did the odds of live birth until around 5 ng/mL when it steadied. Awomanwith an AMH of
5 ng/mL had 22% increased odds of live birth than a woman with an AMH level of 2.5 ng/mL. Unfor-
tunately, because of the limitations of the data set, the authors could not include AMH as a predictor in
the post-treatment model. They also could not assess the impact of clinics using different AMH assays,
and although their performance was good in the SART data, the models have yet to be externally
validated using independent data sets.

The UK

A further UK-based IVF prediction model was recently published by the same research group that
developed the 2016 models and OPIS calculator [15,21]. When a couple have concluded their first
6
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complete cycle of IVF and have not achieved a live birth, theymay decide to undergo a second complete
cycle. Couples who were successful may decide to have more children. The previous UK models can
only be used to estimate the chance of live birth either before commencing the first IVF treatment or at
the first embryo transfer attempt, which makes it more challenging for couples to prepare for the next
stage of treatment. Using these models when the couple have finished their first complete cycle will
not result in accurate predictions because theywere developed using patient data measured before the
first cycle. By the start of the second complete cycle, patient predictor values will have changed, e.g.,
they will be older, the duration of infertility will be longer and their cause of infertility may have
changed. Further, many of the patients used to develop themodels will not have had a second complete
cycle, which means that the case mix will have changed. Further prognosticators from the first com-
plete cycle, such as the number of eggs collected and the pregnancy outcome, will also be known. All of
this new informationwas included in a model developed to estimate the chance of live birth in couples
beginning a second complete cycle of IVF.

The model was developed on 49,314 women from the HFEA registry who started their second
complete cycle between 1999 and 2008 using their own eggs and their partner's sperm. In addition to
female age, the number of eggs retrieved in the first complete cycle and the outcome of the first
complete cycle (live birth, pregnancy loss and no pregnancy) were proven as key predictors (see Table
1). Other predictors included the duration of infertility, tubal infertility, the type of treatment and the
time between the first and second egg retrievals. The model was externally validated on 39,442 UK
women who underwent their second complete cycle between 2010 and 2016. The c-statistic was 0.65,
and calibration showed a systematic overprediction of live birth for all women. The parameter esti-
mates were recalibrated, and subsequently, themodel showedmuch improved calibration. It should be
noted that the validation data are now 6 years old, which may affect the accuracy of the model for new
patients. Also, as mentioned earlier, the HFEA registry does not have some potentially important
predictors.

According to the UK's National Institute for Health and Care Excellence guidelines, women under 40
years of age should be offered three complete cycles of IVF through the National Health Service [4].
However, because the local Clinical Commissioning Groups in the UK make their own decisions
regarding access to IVF funding, this means that some parts of the country are offered anything from
one to three fully funded complete cycles. Some are not provided any funding. Therefore, for many
couples who do not have access to funding after one complete cycle, this model will be particularly
helpful as it can provide their predicted chance of live birth if theywere to continue treatment. This will
help them plan ahead and prepare financially.

Important predictors of live birth

Knowing which characteristics are the most relevant for predicting live birth after IVF treatment is
helpful for researchers wishing to either develop a model or, preferably, update existing models with
new predictors that improve the performance. A systematic review of predictive factors in IVF by van
Loendersloot et al. [11] found that female age, the duration of infertility, basal follicle-stimulating
hormone and the number of oocytes were most relevant. However, the study called for better qual-
ity studies to focus onwhether embryo quality and the number of embryos transferred would be useful
predictors.

McLernon et al. [15] investigated the relative importance of each predictor in the two UK models.
This was done by calculating the adequacy, which is the proportion of the final model's goodness of fit
(measured using the �2*log likelihood (-2LL) statistic) that is explained by the individual predictor
[22,23]. For the final model (with all predictors included), the -2LL was calculated. Then, the same
statistic was calculated again for amodel, which is only adjusted for the complete cycle number and the
particular predictor of interest (e.g., female age). The smaller model's -2LL is calculated as a proportion
of the final model's -2LL. This is repeated for each of the remaining predictors. The predictor with the
largest proportion is said to explain the most variation in the outcome. For the pre-treatment model,
female age explained 85% of the total variation explained by all predictors. However, when treatment
predictors were included, they found that female age (44%), cryopreservation of embryos (39%) and the
number of eggs (38%) each explained a similar high amount of the total variation explained by all the
7
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predictors. None of the other published IVF prediction models investigated the adequacy or ranked
predictors by importance.

However, a limitation of the adequacy method is that the proportion can appear large even if a
predictor is weakly associated with the outcome. This would occur if the full model had a small -2LL, i.e.,
does not explainmuch of the total variation. Furthermore, it will suffer from omitted variable bias, which
refers to important unknown or unavailable predictors of live birth that could potentially change the
adequacy of another predictor. Steyerberg recommends that we simply judge the importance of each
predictor by looking at the relative risk (i.e., odds ratios) of the predictors and using clinical judgement
[24]. In that respect, female age still comes out as the most important with an odds ratio (95% CI) of 1.66
(1.62e1.71) for a 37-year-old versus a 31-year-old. Note that age was not categorised but was included in
themodel as restricted cubic spline terms to account for the non-linear relationship between age and the
outcome. The odds ratio presented is the 25th percentile versus the 75th percentile value for age, which
is an easier way of interpreting the association for a non-linear relationship.

The SART pre-treatment model showed that female age, BMI and AMH had the strongest associa-
tions with live birth as did age, BMI and the number of eggs collected for the post-treatment model
[20]. BMI and AMH were unavailable in the UK database and so could not be included as predictors;
however, the duration of infertility was not available in the US database. In all models, the causes of
infertility had reasonably small associations with live birth, with male factor, diminished ovarian
reserve, uterine factor and tubal infertility having the strongest association.

When predicting the second complete cycle, it is clear from the Ratna et al. [21] study that the
number of eggs collected from the first retrieval and the outcome of the first complete cycle are also
important to consider. For the latter predictor, the odds of live birth for womenwho had a previous IVF
live birth were almost twice that for womenwho had no pregnancy at all over the first complete cycle.
Women who had a pregnancy loss (and no live birth) in the first complete cycle had a 35% increased
odds of live birth than women who had no pregnancy over the first complete cycle.

A note on useful complete cycle-specific live birth prediction models

Two further models are worthy of note. Although they do not predict live birth cumulatively over
multiple complete cycles of IVF, they do predict over the first complete cycle of IVF. While the following
studies do not specifically use the term ‘complete cycle’ in their articles, their approaches agree with
our definition, i.e., all fresh and subsequent frozen-thawed embryo transfer cycles from one episode of
ovarian stimulation.

The Netherlands

Themodel by van Loendersloot et al. [25] (identified by theRatna et al. (2020) [13] review)predicts the
chance of ongoing pregnancy over the first complete cycle. It also predicts ongoing pregnancy at each
successive complete cycle for couples in whom all previous complete cycles were unsuccessful. It was
developed using a cohort of 1326 couples treated at a single centre in The Netherlands. The model was
adjusted for the number of previous failed cycles as well as female age, duration of infertility, basal FSH,
previous ongoing pregnancy and causes of infertility. It also includes predictors based on laboratory data
from the previous failed IVF cycle, e.g., fertilisation method (IVF/ICSI), number of embryos after egg
retrieval, meanmorphological score per day 3 embryo, presence of 8-cell embryos on day 3 and presence
ofmorulae on day 3. It was externally validated on a data set from the same centre but fromamore recent
time period. The c-statistic was 0.68, and the model was updated following evidence of miscalibration.
Two further independent validation studies using data from single centres in Italy and Belgium showed
lower discrimination (both 0.64) and poor calibration [26,27]. However, the Italian study recalibrated the
model to find better agreement, while the Belgian study fitted a new model to their own data.

We find that the van Loendersloot model is informative because it takes account of frozen-thawed
cycles giving patients a fuller picture of their likely chances of success over their current complete cycle
of treatment. We recommend further large external validation studies for this model since it was
developed and validated on data from one centre. For use in other centres, external validation of the
model using data from those centres is recommended [28,29].
8
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China

A model predicting cumulative live birth over the first complete cycle only was developed using
data on almost 18,000women from a university hospital in China [30]. Age, number of oocytes, number
of good quality embryos (defined as an embryo with 6e12 blastomeres graded 1 and 2), fertilisation
rate, treatment type (IVF versus ICSI) and duration of infertility were included as predictors. Age and
oocytes were included as linear terms, meaning that they did not adjust for the known non-linear
relationship between these predictors and live birth [15,20]. The model was internally validated
using 10 times 10-fold cross-validation, which resulted in a c-statistic of 0.74. The model has yet to be
externally validated, but the final model parameters including the intercept were not presented, which
will make it difficult for independent investigators to conduct external validation on their data sets.

Recommendations and further work

For prediction of a cumulative live birth over multiple complete cycles of IVF (where a complete
cycle is defined as all fresh and frozen embryo transfers arising from a single episode of ovarian
stimulation), we recommend the use of the UK and US models at pre- and post-treatment. All were
developed on national-level data sets and followed the recommended reporting guidance for model
development [19]. The pre-treatment models from both countries may be used before couples
commence their first IVF cycle while the post-treatment models are useful before starting a second
complete cycle [15,20,21]. However, it is not guaranteed that using these models in countries outside
the UK and the US will provide accurate predictions for their patients. Therefore, all of these models
need to be validated on independent geographical data sets for use in other clinics and countries.
Further, they need to be continually validated and updated using data collected within the population
they have been developed to prevent calibration drift [31]. Calibration drift can be caused by changes in
casemix and IVF practice. Clinics or countries which display over- or under-prediction upon calibration
assessment can still use the model after it has been recalibrated. This can be as simple as adjusting the
model intercept to reflect the IVF success rates in that clinic or country. However, if that does not work,
there are several other ways of correcting miscalibration [32].

With respect to predictors that should be considered when developing new models or updating
existing models, female age is the most important. Other factors that should be considered for prediction
before starting treatment include the duration of infertility, female BMI and markers of ovarian reserve.
Ovarian reserve markers make a statistically and clinically significant contribution in the prediction of
live birth following IVF treatment. However, they do not appear to be as important as female age (with
which they correlate quite highly). Previous research seems to suggest that out of the ovarian reserve
markers, AMH is the most reliable [33e35], and it has been shown to have some association with live
birth independently of age [36]. However, another systematic review concluded that AMH and AFC added
nothing when included with age in the prediction of ongoing pregnancy after IVF [18]. Future IVF pre-
diction studies should utilise large (possibly national level) data sets with which to externally validate
existing recommended models. They should investigate the added value of including different ovarian
reserve markers in these models to confirm whether AMH is the most predictive.

For models that predict from the point of treatment, the number of eggs collected, double versus
single fresh embryo transfer and blastocyst versus cleavage stage transfer should be considered.
Further research is needed into whether embryo quality measures add further predictive accuracy. If
the sample size is not an issue, then it is important to include all known predictors, including those that
are not strongly associated with live birth, to increase predictive accuracy. These include causes of
infertility, previous pregnancy status and treatment type, e.g., IVF versus ICSI.

Summary

IVF prediction models that estimate the chance of live birth over multiple complete cycles of treat-
ment are useful to provide a complete picture of a couple's likelihood of success. Models have been
developed using national-level data in the UK and US for predictions before starting treatment. The UK
has two further models, which provide revised predictions at later stages: one for use at the time of the
9
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first fresh embryo transfer and the other for use before starting a second complete cycle of treatment. The
US has one further model for use at the start of the second compete the cycle but only for couples whose
first complete cycle was unsuccessful. Models developed using data from single centres in China and The
Netherlands are able to predict pregnancy outcomes over the first complete cycle. The latter can also be
used to predict each successive complete cycle assuming previous complete cycles failed. We recom-
mend using the UK and US models, but both need continual validation using updated patient data to be
relevant in terms of predictive accuracy in new patients. All of the models require external validation in
different geographical regions to ensure that they provide accurate predictions in those countries (or
centres). For researchers developing new prediction models, the most important patient predictors to
include are female age, duration of infertility, BMI and ovarian reserve markers. When revising pre-
dictions using treatment data, the model should include the number of eggs collected. Further work is
needed to determine the added predictive value of embryo quality.
Practice points

� IVF prediction models should only be used at the intended moment of application, e.g.,
before IVF starts, and for the purpose in which they were intended to be used which is pri-
marily for patient counselling and planning.

� Severalmodels predicting cumulative live birth over complete cycles have been developed in
the UK and US, each of which is intended for a particular point in the patient's treatment, e.g.,
before the first complete cycle starts, at the first embryo transfer or before the start of the
second complete cycle.

� Female age, the duration of infertility, female BMI and AMH are important pre-treatment
predictors, while the number of eggs collected adds value when treatment level informa-
tion is known. More research is needed to assess others such as embryo quality and other
ovarian reserve markers.

Research agenda

� The UK and US IVF prediction models should be validated using data from different
geographical locations so that they can be used to make accurate predictions in patients
undergoing treatment in those countries.

� Further studies are needed to find new or understudied predictors of IVF success such as
embryo quality, markers of ovarian reserve and paternal age.

� Further studies are needed to determine the extent to which female age is related to markers
of ovarian reserve.
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