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KEY MESSAGE

Part of an ongoing discussion into the potential risks of prolonged embryo culture, this study shows that with a
well-constructed prediction model, an accurate choice between eSET and DET can be made as early as day 2
after oocyte retrieval, when the aim is low twin rates at preserved high live birth rates.

ABSTRACT

Research question: Elective single-embryo transfer (eSET) at blastocyst stage is widely used to reduce the frequency of multiple
pregnancies after IVF. There are, however, concerns about increased risks for the offspring with prolonged embryo culture. Is it
possible to select embryos for transfer at the early cleavage stage and still achieve low twin rates at preserved high live birth rates?

Design: A prediction model (PM) was developed to optimize eSET based on variables known 2 days after oocyte retrieval
(fresh day 2 embryo transfers; double-embryo transfers 1999-2002 (n=2846) and SET 1999-2003 (n=945); n total=3791).
Seventy-five variables were analysed for association with pregnancy chance and twin risk and combined for PM construction.
This PM was validated in 2004-2016 including frozen-thawed transfers (FET), to compare cumulative live birth rate (CLBR)
and twin rate before (1999-2002 fresh embryo transfers plus FET from the same oocyte retrievals until the end of 2007,
n=3495) and after (2004-2011 fresh embryo transfers plus FET from the same oocyte retrievals until the end of 2016,
n=11195) implementing the model.

Results: The PM was constructed from four independent variables: female age, embryo score, ovarian sensitivity and
treatment history. The calibration, i.e. the fit of observed versus predicted results, was excellent both at construction
and at validation. Without compromising CLBR, twin rate was reduced from 25.2% to 3.8%, accompanied by profound
improvements in perinatal outcome.

Conclusion: The results provide the first successful construction, validation and impact analysis of a day 2 transfer PM to
reduce multiple pregnancies.
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INTRODUCTION

win pregnancies suffer from
greatly increased risks,
independent of mode of
conception. The incidence
of premature birth, low birth weight,
cerebral palsy and other neurological
complications, as well as perinatal
mortality, is markedly increased
compared with singleton pregnancies
(Bergh et al.,, 1999). In the USA in 2012,
the multiple birth rate after IVF was
27%. The overall twin rate in Europe
after assisted reproduction is decreasing
but is still 17% (Calhaz-Jorge et al.,
2016). As double-embryo transfer (DET)
strategies result in twin pregnancies at
frequencies of 25-30% in normal IVF
populations, and 1.6% of babies born in
the USA (2012) and 1-6% of all children
in European countries nowadays result
from IVF, the hazards of these iatrogenic
twin pregnancies cause considerable
suffering for many couples and also huge
extra costs for society (Calhaz-Jorge
et al.,, 2016, Luke et al., 2015). In order
to reduce multiple births after assisted
reproductive technology (ART), elective
single-embryo transfer (eSET) strategies
need to be optimized. Single-embryo
transfer (SET) at the blastocyst stage has
become the strategy of choice for many
clinics worldwide, because blastocyst
transfer improves the odds of transferring
a viable embryo (Harton et al., 2013).
However, reports on a higher incidence
of preterm delivery, monozygotic
twins, large for gestational age babies,
congenital anomalies and altered sex ratio
with blastocyst transfers compared with
cleavage-stage transfers raise concerns.
Moreover, possible epigenetic changes
resulting from the prolonged culture have
been discussed (Chang et al., 2009;
Kallen et al., 2010b; Maheshwari et al.,
2016). Extending the culture to blastocyst
stage is also associated with an increased
risk of cycle cancellation due to lack of
embryos to transfer. An accurate choice
between eSET and DET at the cleavage
stage would therefore be preferable.

Clearly, eSET in exclusively good-
prognosis treatments generally yield
acceptable pregnancy rates, especially if
the increased number of frozen-thawed
embryo transfers (FET) is considered
(Lundin and Bergh, 2007; Saldeen and
Sundstrom, 2005, Strandell et al., 2000;
Thurin et al., 2004). However, in normal
IVF populations a large proportion

of patients and treatments must be

regarded as sub-optimal in terms of
prognosis. Thus, the difficulty is choosing
between SET and DET when the embryo
morphology is sub-optimal, when the
couple has failed in previous attempts,
and/or when the woman is of greater age
or responds poorly to ovarian stimulation.
In order to optimize the balance between
a low rate of multiple pregnancies and an
overall acceptable and high pregnancy
rate, an increased knowledge of the
factors determining implantation after
ART is needed. The purpose of this series
of studies was to establish and validate
algorithms for implantation potential and
twin risk in patients covering the full range
of prognostic potential in an ordinary

IVF population. Subsequently, these
algorithms formed a prediction model
(PM) that was applied in all treatments,
aimed at radically reducing the twin rate.
Birth rates, twin rates and perinatal data
were compared between periods before
and after applying the PM. This constitutes
the final step in the evolution of a PM - an
impact analysis - that evaluates whether
the model improves decisions in terms

of quality or effectiveness of patient care
(Leushuis et al., 2009, van Loendersloot
et al.,, 2014).

MATERIALS AND METHODS

Data from all IVF/intracytoplasmic
sperm injection (ICSI) treatments were
recorded prospectively from 1999. The
couples all had an infertility duration of
at least 1 year, and had gone through an
infertility investigation. The vast majority
were Swedish Caucasians. Treatments
could be either private or government-
funded. Treatments up to 2016 resulting
in embryo transfer on day 2 after oocyte
retrieval were included as follows.

Construction of a DET and twin
algorithm

All fresh IVF/ICSI treatments that
resulted in DET during 1999-2002 (‘2ET")
(n = 2846) were used to construct

the DET algorithm for the chance of

a clinical pregnancy after DET and the
twin algorithm for the chance of a twin
pregnancy after DET.

Construction of a SET algorithm

All fresh IVF/ICSI treatments that
resulted in SET from 1999 to 2003 ("1ET")
(n = 945) were used together with 2ET’
to construct the SET algorithm for the
chance of a clinical pregnancy after SET.
() and (Il) together form the PM for
guidance of eSET versus DET.
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Validation of the model

From 2004 onwards, the PM has

guided the selection of eSET or DET

in individual cases, and in the vast
majority of cases (88%), eSET and DET
were performed accordingly. All IVF/
ICSI treatments during 2004-2011
resulting in fresh embryo transfer on

day 2 after oocyte retrieval constitute
the validation dataset (n = 7515). The
ability of the model to discriminate
couples that would become pregnant
and/or have a twin pregnancy from
those that would not [‘discriminatior’,
expressed as the area under the receiver
operating characteristic curve (AUC),

or c-statistics] and the concordance
between the observed and the predicted
results for pregnancy rates and twin rates
(‘calibration’) were estimated.

Analysis of transfers not following

the PM

The minority of treatments (n = 879) with
a number of embryos to embryo transfer
not following the suggestion from the

PM were analysed separately. Specifically,
the smaller number of DET (n = 278)
performed in spite of an estimated twin
risk above 15% enabled a validation of
the twin algorithm, albeit the number

of treatments was small and hence the
statistical power limited (see below).

Impact analysis

All fresh day 2 embryo transfers in
1999-2002, plus FET cycles from the
same oocyte retrieval up to the end

of 2007 (‘Before PM’, n = 3495), were
compared with all fresh embryo transfers
during the validation period (2004-2011),
plus FET cycles from the same oocyte
retrieval up to the end of 2016 (‘With
PM’, n = 11,195), for live birth rate (LBR),
twin rate, cumulative live birth rate
(CLBR) and perinatal outcome. CLBR
was defined as the first live birth following
either a fresh embryo transfer or a FET
from the same oocyte retrieval.

Ovarian stimulation

Ovarian stimulation was conducted as
previously described (Brodin et al., 2009,
2013). During the ‘Before PM’ period
98% of the cycles were agonist protocols
and 2% were antagonist protocols, with
recombinant FSH (rFSH) in 99% of

the cycles and highly purified human
menopausal gonadotrophin (HMG) in
1%. During the validation period 89%

of the cycles were agonist protocols

and 11% were antagonist protocols, with
rFSH in 72% of the cycles and HMG in
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28%. Oocytes were aspirated 36-37 h
after administration of hCG. Fertilization,
embryo evaluation and embryo transfer
were performed as described previously
(Holte et al., 2007).

Embryo transfer strategies

During 1999-2002, the general policy was
to transfer two embryos when available,
mainly independent of prognosis and
twin risk, i.e. following the most common
policy in Europe at the time. During

this period, FET followed the same
strategy. Thus SET amounted to only
111% and the majority of those SET were
not elective, i.e. only one embryo was
available for transfer. From 2004 the
following eSET policy was applied: if the
PM suggested a risk of twin implantation
above 15% using the two highest scored
embryos, then only one embryo was
transferred. If the model suggested a
lower twin risk than 15%, the couple was
offered two embryos for transfer (if the
medical history did not constitute any
contraindications). According to data
from the construction period, about
30% of the couples would be offered
DET, resulting in a predicted twin rate

of 0-15%, i.e. the twin rate in that group
would be approximately 7.5%. The
predicted twin implantation rate in the
entire population would thus amount

to 75% x 0.30, i.e. around 2-3%. All
surplus embryos of high morphological
score were cryopreserved by slow
freezing; there was no use of vitrification.
Selection of frozen-thawed embryos

for eSET or DET generally followed the
same criteria as for the corresponding
fresh treatment, i.e. eSET was performed
during the validation period if this had
been performed in the fresh treatment
and the embryo score of the thawed
embryo did not change this decision.

Statistical methods

The aim of the statistical analyses was to
estimate algorithms for clinical pregnancy
and for twins given pregnancy when

two embryos were transferred, and for
clinical pregnancy when one embryo
was transferred. Estimates were based
on selected predictors. The individual
twin probability was to be used as a tool
to decide whether one or two embryos
should be offered for transfer.

Estimation of pregnancy chance and
twin risk for DET

To estimate probabilities for pregnancy
and for twins given pregnancy when
two embryos were transferred, data

from 2846 DET treatments from 1999

to 2002 were used. The data set was
randomly divided into two groups, one
training data set (TDS), which constituted
two-thirds of the observations, and a
validation data set (VDS, the remaining
one-third of the observations). The latter
was used to examine the predictive
capacity of the final algorithms. Seventy-
five putative predictors such as the
woman'’s age, number of treatments,
number of previous pregnancies,
infertility cause, weight, FSH dose and
embryo scores (Supplemental 1) were
used. The outcome was the number of
clinical pregnancies per embryo transfer
(ultrasonographically verified presence of
0, 1 or 2 gestational sacs). The outcome
was dichotomized as 1 or 2 versus O
number of sacs in the pregnancy chance
algorithm and as 2 versus 1 (excluding 0)
number of sacs in the algorithm for twin
risk given pregnancy.

Use of TDS. Logistic regression analyses
were used to identify and summarize
combinations of predictors to be used

in the final algorithms. Predictors with a
univariate P-value <0.1 were selected as
predictors in multivariable models. The
use of composite variables, categorization
of continuous variables (e.g. woman's
age), as well as interaction terms of the
second degree, were allowed in the
multivariable models. Significance criteria
for predictors in the multivariable models
were P < 0.05.

Use of VDS. The estimated odds ratios
(OR) and c-statistics from TDS were
compared with the corresponding
statistics from VDS and if all estimated
statistics had an absolute difference of
less than 10% of the value from TDS
the two data sets were merged and

all statistics were estimated from the
complete data set.

The complete data set. The final
multivariable algorithms for pregnancy
and for twins given pregnancy, were
presented with OR with 95% confidence
intervals (Cl), P-values and c-statistics.

Estimation of pregnancy chance for
SET (Supplemental 2)

Variables. All putative predictors are
shown in Supplemental. Supplemental
3 shows the variables that univariately
correlated with clinical pregnancy rate
(CPR). The integrated morphology
cleavage (IMC) embryo score is an

evidence-based embryo scoring model
for embryos on day 2 after oocyte
retrieval (Holte et al., 2007). ‘Treatment
history” is a composite variable
composed of the number of earlier
treatments and any resulting pregnancies.
‘Ovarian sensitivity’ is also a composite
variable describing the number of
retrieved oocytes in relation to the
administered total dose of FSH (Huber
et al., 2013).

Validation statistics

The discriminative capacity of the
algorithms was described as the
c-statistics (or AUC). Calibration of the
algorithms was analysed by comparing
the predicted CPR in 10% strata with
the observed CPR. The corresponding
analysis was performed for twin rates

in 15% strata (due to the low number

of twins during the validation period).
Calibration was assessed by means of
the Hosmer-Lemeshow test. A non-
significant P-value (P > 0.05) in the
Hosmer-Lemeshow test indicates a good
concordance between the predicted and
the observed chancefrisk.

Ethical approval. The Regional Ethics
Committee at Uppsala University
approved the study (2012-07-05; Dnr
2012/036) and waived the need for

written informed consents.

RESULTS

Construction of the DET/SET model
(1999-2003)

Twenty-nine variables out of the recorded
75 were univariately correlated with CPR
in the DET material (Supplemental 3).
After logistic regression analyses, the
following variables remained significant:
woman’s age, IMC embryo score

(for DET: the highest score and the
difference between the scores of the
two transferred embryos), the treatment
history, and the ovarian sensitivity. TABLE 1
shows the OR for these variables.

Variables associated with twin
implantation were analogous to those
correlated to CPR (data not shown) and
a similar algorithm was derived after
logistic regression analyses (TABLE 1). The
observed twin rate was higher than might
be expected if the implantation chances
of the embryos transferred together
were completely independent of one
another. Also, this interdependence
varied in different prognostic strata
(Supplemental 2). The algorithm for
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TABLE 1 VARIABLES INCLUDED IN THE ALGORITHMS FOR PREGNANCY CHANCE WITH SET AND DET AND TWIN RISK,

WHICH WERE USED IN THE PREDICTION

MODEL

DET pregnancy chance Twin risk SET pregnancy chance

Predictor OR (95% CI) P-value OR (95% CI) P-value OR (95% CI) P-value
Age group? 0.87 (0.82-0.91) <0.0001 0.78 (0.70-0.88) <0.0001 0.87(0.82-0.92) <0.0001
Treatment history® 0.71(0.61-0.84) <0.0001 0.72 (0.54-0.97) 0.03 0.71(0.60-0.83) <0.0001
Ovarian sensitivity® 0.71(0.63-0.80) <0.0001 0.75 (0.59-0.94) 0.01 0.70 (0.62-0.78) <0.0001
IMC embryo score® highest 212 (1.82-0.46) <0.0001 216 (1.86-2.51) <0.0001
IMC embryo score difference 0.77 (0.68-0.88) <0.0001

IMC embryo score sum 1.52 (1.31-1.76) <0.0001

DET = double embryo transfer; IMC = integrated morphology cleavage (embryo score); SET = single embryo transfer.

2 Age was grouped in seven groups from <29 to =42 years

b Treatment history is a composite variable based on any earlier IVF treatment results; two groups were formed.

¢ Ovarian sensitivity (three groups) is a composite variable (total number of eggs/total dose of FSH administered).

9 IMC embryo score (Holte et al.,, 2007) is an evidence-based embryo score, here sub-grouped into five groups.

pregnancy chance after eSET included
the same variables as the DET algorithm,
except that only one embryo was
included (TABLE 1). The algorithms derived
from the TDS were subsequently tested
on the VDS, and because they yielded
largely similar results, the two data sets
were merged and all statistics were
estimated from the complete data set.

Validation of the model (2004-2011)
The discriminating capacity of the
algorithms was moderate, with c-statistics
between 0.64 and 0.75 (Supplemental 4).
The concordance between the predicted
and the observed results was excellent,
as shown in FIGURE 1. The CPR for each
10% stratum calibrated well, confirmed
by Hosmer-Lemeshow test (P = 0.08).
Twin rates were the expected, given the
acceptance level of 15% in each case.

Analysis of transfers not following

the PM

In 278 cases DET was performed

even though the twin risk was >15%
(physician’s decision), and this resulted in
the predicted twin rate >15%, although
the Hosmer-Lemeshow test could not
confirm a perfect calibration (P = 0.03).
In 601 cases SET was performed despite
a twin risk below 15%, for medical
reasons or at the request of the couple,
resulting in the predicted CPR for SET,
which was lower than the predicted CPR
for DET (data not shown).

Impact analysis

The populations during the ‘Before PM’
period and the ‘With PM’ period had
slightly different demographic profiles
(TABLE 2). During the ‘With PM’ period
mean age was higher, the couples

had performed more treatments on
average, and the mean embryo score
was slightly higher. LBR, CLBR and
perinatal outcome data from the two
periods, i.e. before and after applying the
PM, are presented in TABLE 3. The twin
rate was reduced from 25.2% to 3.8%
after applying the model. LBR per fresh
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embryo transfer was lower after applying
the model, but the CLBR (i.e. including
FET) was marginally higher. If groups
were age-adjusted this difference became
highly significant (P < 0.0001). When
adjusting the populations according

to all the variables in the PM, i.e. age,
embryo score, treatment history and
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FIGURE 1 Calibration of the prediction model (fresh treatments). Observed CPR versus
predicted CPR (upper panel), and observed twin rate versus predicted twin rate (lower panel),
during the validation period (CPR = clinical pregnancy rate).
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TABLE 2 DESCRIPTION OF THE TWO STUDY POPULATIONS IN THE IMPACT ANALYSIS, BASED ON THE VARIABLES THAT
QUALIFIED IN THE PREDICTION MODEL, AND BMI

Variable Before PM (1999-2002) With PM (2004-2011) P-value
Number of fresh ET 3163 7515
Woman'’s age 341(33.9-34.2) 35.0 (34.9-35.1) <0.0001
BMI 23.5 (23.4-23.6) 23.4 (23.3-23.5) NS
Mode of fertilization NS

IVF 1744 (55) 4074 (54)

ICSI 1077 (34) 2706 (36)

Combined 342 (1) 730 (10)
Main infertility diagnosis <0.0001

Tubal factor 657 (21) 908 (13)

Unexplained 1108 (35) 3487 (48)

Male 962 (31) 1908 (26)

Endometriosis 192 (6) 371(5)

Anovulation 208 (7) 519 (7)

Other 21(0.7) 34(0.5)
Eggs at oocyte retrieval 11.0 (10.8-11.2) 9.5 (9.4-9.6) <0.0001
Total dose of FSH (IU) 2473 (2430-2516) 2451 (2321-2481) NS
Ovarian sensitivity® 174 (1.71-1.77) 177 (1.75-1.78) NS
Previous IVF treatment 0.31(0.28-0.34) 1.35 (1.31-1.39) <0.0001
Previous IVF pregnancy 0.09 (0.08-0.10) 0.36 (0.34-0.37) <0.0001
Treatment history® 1.37 (1.35-1.39) 1.33 (1.32-1.34) <0.0001
IMC embryo score, 1-10 8.80 (8.74-8.86) 911 (9.07-914) <0.0001

Values are mean (95% CI) or n (%), unless otherwise stated.

BMI = body mass index; Cl = confidence interval; ET = embryo transfer; FSH = follicle-stimulating hormone; IU = international units; IMC = integrated morphology cleav-

age; OPU = oocyte pick-up; PM = prediction model.

@ The composite variable ‘Ovarian sensitivity’ with its groups was formed by cross-tabulation of total number of eggs and total dose of FSH.

b The composite variable ‘Treatment history’ with its groups was formed by cross-tabulation of earlier IVF treatments and children after IVF.

ovarian sensitivity, both LBR and CLBR
were higher during the "With PM’ period
(P = 0.012 and P < 0.001, respectively).
Mean birth weights increased from

3107 £ 793 g to 3403 + 637 g

(P < 0.0001) after PM introduction. With
the PM, the frequencies of babies born
prematurely (before gestational week
33) and babies born with a low birth
weight (below 2500 g) were reduced

by two-thirds (P < 0.0001). Also, after
implementing the PM, the frequency

of babies born small for gestational age
(SGA) was reduced by 60% (P < 0.001)
and perinatal mortality was also lower
after adjustment for age (TABLE 3).

DISCUSSION

This is thought to be the first study
showing the construction, validation and
subsequent impact analysis of a PM for
clinical pregnancy chance after SET and
DET, and twin risk following DET in IVF/
ICSI. In addition, applying the model
with the radical aim of reducing twin

rates to <5% was successful, without
compromising overall delivery rates and
with dramatically improved neonatal
outcome.

Largely in line with previous studies on
PMs in ART, the determining variables
included the age of the woman, the
embryo score, ovarian sensitivity and
information on treatment history (Cai

et al., 2011; Choi et al., 2013; Hunault

et al, 2002, Luke et al., 2014; MclLernon
et al., 2016, Nelson and Lawlor, 2011;
Ottosen et al., 2007; Templeton et al.,
1996, van Loendersloot et al., 2013).
These variables (with slight variations) were
also part of a recently published PM for
live birth after SET (Vaegter et al., 2017).

Importantly, these results were not
compatible with a simple binomial
distribution of twins, singletons and

failed implantation after DET. On the
contrary, the embryos exhibited statistical
interdependence, varying depending

on the overall prognostic level. This

should not be interpreted as a direct
interactive effect between the embryos,
which is unlikely. A more plausible
interpretation is that this phenomenon
reflects the sum of important patient and
cycle covariates not measured (or even
possible to measure), which are common
to the embryos in terms of implantation
conditions for the specific cycle. This
principle was previously discussed in an
embryo-uterus modelling framework
(Hunault et al., 2002; Roberts et al.,
2010aq, 20106, 2011).

The calibration of the model showed a
high concordance between predicted
and observed CPR for each 10%
stratum. The modest discrimination is
in accordance with previous PM in ART
(Choi et al., 2013, Leushuis et al., 2009;
van Loendersloot et al., 2013), and also
represents a weakness in the present
model, as it affects the accuracy of the
decision making in the individual case.
However, calibration over the entire
range of CPR during the validation period
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TABLE 3 IMPACT ANALYSIS. OUTCOME BEFORE (‘BEFORE PM’) AND AFTER (‘WITH PM’) APPLYING THE PREDICTION

MODEL
Variable ‘Before PM’ ‘With PM’ OR (95% ClI) P-value  Age-adjusted P-value = Model-adjusted P-value
SET (%) 1.3 75.5 <0.0001
DET (%) 88.7 24.5 <0.0001
LBR® 29.0 (27.4-30.6) 25.1(24.1-26.0) <0.0001 NS 0.012
CLBR® 30.6 (29.0-32.2) 32.6 (31.6-33.7) NS <0.0001 <0.001
FET® 9.0 (8.0-10.0) 32.8 (31.7-33.8) <0.0001
Twins 252 (22.5-28.0) 3.8 (3.0-4.5) <0.0001
Caesarean 32.2 (29.3-35.1) 28.0 (26.3-297) 0.015 0.0010
Birth weight (g) 3107 (3062-2151) 34083 (3379-3427) <0.0001 <0.0001
<2500 20.3 (18.0-22.6) 77 (6.7-8.7) 3.06 (2.34-3.85) <0.0001 <0.0001
<1500 3.7 (2.6-47) 1.2 (0.8-1.6) 3.21(1.92-5.35) <0.0001 <0.0001
<37 weeks 171 (14.7-19.5) 8.3 (7.2-9.4) 2.27 (1.83-2.83) <0.0001 <0.0001
<33 weeks 4.8(3.5-6.2) 1.6 (1.1-2.0) 3.22 (210-4.92) <0.0001 <0.0001
SGA 2.8 (1.9-3.8) 11(0.7-1.5) 2.59 (1.55-4.31) <0.001 <0.001
Perinatal mortality 1.0 (0.5-1.6) 0.5(0.2-0.8) 2.06 (0.94-4.51) NS 0.045

Values are % (95% ClI) unless otherwise stated.

Cl = confidence interval; CLBR = cumulative live birth rate; DET = double embryo transfer; FET = frozen-thawed embryo transfer; LBR = live birth rate; OR = odds ratio;

PM = prediction model; SET = single embryo transfer; SGA = small for gestational age.

@ LBRis live birth rate after a fresh cycle.

b CLBR is the first live birth after either a fresh or a frozen-thawed cycle.

¢ FET (%) is the rate of fresh cycles that was followed by one or several frozen-thawed cycles.

shows that the model is robust and highly
effective at a group level.

The frequency of SGA was more than
halved. Applying the model did not
compromise the overall LBR, as the
slight reduction in LBR in fresh cycles
was compensated for when adding
frozen-thawed cycles from the same
oocyte retrieval. This is well in line with
the paper from Luke et al. (2015) that,
based on a large data set from the USA,
showed that the cumulative LBR over
two cycles (two fresh cycles or one fresh
and one frozen-thawed cycle) with SET
was similar to or better than the LBR
with DET in a single cycle, while the
probability of multiple birth was reduced
by over 90%.

The grounds for transferring embryos
on day 2 rather than day 3 was to keep
the culture period as short as possible.
Because concerns have been raised
about prolonged embryo culture, with a
possible risk of epigenetic modification
and potential increased risks to fetal
health (Chang et al., 2009; Dar et al.,
2014; Kallen et al., 2010b; Luke et al.,
2014; Luna et al., 2007; Maheshwari
et al., 2016, Zhu et al., 2014), it is an
important finding that with a well-
constructed PM an accurate choice

between eSET and DET can be made

as early as day 2. Currently there is

no high-quality evidence to support

the use of either blastocyst transfer or
cleavage-stage transfer when the CLBR
is considered (Glujovsky et al., 2016).
Extended culture is also associated with
an increased risk of having no embryos
to transfer or freeze (Quea et al.,, 2007).
There are still some patients for whom

a cleavage-stage transfer remains the
better option for optimizing the LBR
(Goldman et al., 2016). However, (single)
blastocyst culture is the current trend
and to get a useful and updated PM, we
are now working on an embryo scoring
system for blastocysts to be incorporated
in a PM for transfer on day 5.

Shortcomings of the present study
include comparing results from two
different time periods. IVF success rates
are generally improving slightly over
time, as is perinatal care. However, a
randomized design was not possible

for legislative reasons after a ‘low twin
frequency legislation” in Swedish ART was
introduced in 2003 (SOSFS 2002:13, 9
kap; 18). The overall LBR has remained
stable after this policy change according
to national reports (Kallen et al.,
2010,2010a; Saldeen and Sundstrom,
2005). In a national survey, in comparison

with clinics applying arbitrary grounds
for eSET or DET, the use of the present
PM resulted in a lower multiple birth rate
without compromising the overall LBR
(Karlstrom and Bergh, 2007).

In summary, we present the construction,
validation and impact analysis of a PM
for eSET or DET in the early cleavage
stage, covering the entire range of a
normal ART population in terms of age
and treatment prognosis. It was found
that the woman'’s age, the embryo score,
ovarian sensitivity and rank and history
of previous treatments together predict
implantation and twin risk, and these
factors formed the prediction algorithms.
Applying the model with the aim of
reducing twin pregnancies to below 5%
resulted in the expected decrease in
twin rates, without compromising the
overall LBR per oocyte retrieval, followed
by a marked improvement in perinatal
outcome. The calibration of the model
was good both for predicting pregnancy
and twin implantation. We suggest that
PMs like this may solve the problem of
accurately selecting for eSET or DET to
optimize the delicate balance between
high LBR and low twin rates, the net
result being a preserved high overall
success rate and an improved perinatal
outcome.
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