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ABSTRACT

Pre-conception counselling and management of expectations about chance of success of IVF/ICSI treatments is an integral part of
fertility care. Registry data are usually used to inform patients about expected success rates of IVF/ICSI treatment, as these data
should best represent real-world populations and clinical practice. In registries, the success rate of IVF/ICSI treatments is convention-
ally reported per treatment cycle or per embryo transfer and estimated from data for which several treatment attempts per subject
have been pooled (e.g. repetitive IVF/ICSI attempts or repetitive attempts of cryotransfer). This, however, may underestimate the
true mean chance of success per treatment attempt, because treatment attempts of women with a poor prognosis will usually be
over-represented in a pool of treatment cycle data compared to treatment events of women with a good prognosis. Of note, this phe-
nomenon is also a source of potential bias when comparing outcomes between fresh transfers and cryotransfers, since women can
undergo a maximum of only one fresh transfer after each IVF/ICSI treatment, but potentially several cryotransfers. Herein, we use a
trial dataset from 619 women, who underwent one cycle of ovarian stimulation and ICSI, a Day 5 fresh transfer and/or subsequent
cryotransfers (follow-up of all cryotransfers up to 1 year after the start of stimulation), to exemplify the underestimation of the live
birth rate, when not accounting for repeated transfers in the same woman. Using mixed-effect logistic regression modelling, we
show that the mean live birth rate per transfer per woman in cryocycles is underestimated by the factor 0.69 (e.g. live birth rate per
cryotransfer of 36% after adjustment versus 25% unadjusted). We conclude that the average chance of success of treatment cycles of
women of a given age, treated in a given centre, etc., when conventionally calculated per cycle or per embryo transfer from a pool of
treatment events, do not apply to an individual woman. We suggest that patients are, especially at the outset of treatment, systemat-
ically confronted with mean estimates of success per attempt that are too low. Live birth rates per transfer from datasets encompass-
ing multiple transfers from single individuals could be more accurately reported using statistical models accounting for the correla-
tion between cycle outcomes within women.
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Introduction
Pre-conception counselling about the chance of success of IVF/
ICSI treatment and management of expectations is an integral
part of fertility care. Various national and international registries
have been set up to collect the number and types of IVF/ICSI
treatments as well as the related clinical outcomes (Harton et al.,
2011; De Geyter et al., 2015; Kadi and Wiesing, 2016; European IVF
Monitoring Consortium (EIM), for the European Society of Human
Reproduction and Embryology (ESHRE) et al., 2022; Henderson
et al., 2023; Jain and Singh, 2022). The outcomes pregnancy and
live birth are conventionally reported per treatment cycle or per
embryo transfer (ET), calculated from a pool of treatment
attempts performed within the timespan of a calendar year
(ICMART, 2019). Examples of such reporting are abundant in the

literature, such as a recent HFEA report on their ‘One at a time’

campaign (HFEA, 2022) that states that ‘In 2008 the overall preg-

nancy rate [per embryo transfer] was 30% compared with 34% in

2013 [. . ..]. Looking just at fresh transfers, the rate is slightly

higher and shows the same increase over the years, from 32% to

36% between 2008 and 2013’ (HFEA, 2015). The German IVF regis-

try likewise uses outcome per cycle or per ET as their standard

reporting and state in their latest published report that ‘We are

happy to note that the pregnancy rate per transfer in fresh cycles

was 31.9%, whereas the pregnancy rate per transfer in cryocycles

was 29.4%’ (Bartnitzky et al., 2021). The Centers for Disease

Control and Prevention (CDC) of the USA aims at instructing

patients and the general public on ART success rates as follows:

‘The information in this section is provided to help consumers
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navigate and understand the information presented online, ex-
plore clinic services, see the types of patients each clinic treats,
and understand fertility clinic success rates based on the latest
data from the National ART Surveillance System’ (CDC, 2021). For
this purpose, the CDC reports success rates per clinic cumula-
tively per cycle (‘cumulative percentages of intended egg retriev-
als that resulted in a live birth delivery after all associated egg or
embryo transfers within 12 months of cycle start’) and per ET
(‘percentages of transfers with at least one egg or embryo that
resulted in a live-birth delivery’).

During IVF/ICSI treatment, however, the majority of women
undergo more than one treatment cycle before achieving a live
birth or before discontinuing treatment. For example, in
Germany, women on average underwent 1.9 treatment cycles
during 2020 (Bartnitzky et al., 2021). Furthermore, even after a
single cycle of ovarian stimulation and IVF/ICSI, different num-
bers of ETs, fresh and frozen–thawed (cryotransfers) may follow
in different women. As exemplified above, treatment success is
still frequently estimated from data for which several treatment
attempts per subject have been pooled (e.g. repetitive
IVF/ICSI attempts with fresh transfers and/or repetitive attempts
of cryotransfer).

Are we systematically underestimating our
patients’ chances of success per treatment
cycle using pooled data?
The success rate per cycle or per ET cycle may be severely under-
estimated from pooled treatment cycle data, since treatment
events in women with a poor prognosis will be over-represented
in the dataset compared to treatment events in women with a
good prognosis. This is because women achieving live birth early
in the course of their treatment will contribute fewer treatment
cycles and ETs, whereas women with later achievement or no
achievement of live birth will contribute more treatment cycles
and ETs to the pool of observations. Of note, this phenomenon is
another source of potential bias when comparing outcome
between fresh transfers and cryotransfers, since women can
undergo a maximum of only one fresh transfer after IVF/ICSI
treatment, but potentially several cryotransfers.

An example calculation: live birth rates
underestimation in cryocycles
The complete dataset from the RAINBOW trial (Fernandez
Sanchez et al., 2022) is used herein to exemplify the underestima-
tion of live birth per cryotransfer for individual women undergo-
ing one ICSI cycle with or without fresh transfer and subsequent
cryocycles. In total, 619 women underwent treatment with a
fixed, individualized daily dose of follitropin delta with or without
additional rhCG in a long GnRH agonist protocol followed by ICSI
and a Day 5 fresh transfer. Surplus blastocysts were cryopre-
served on Day 5 or Day 6 and subsequently used for cryotransfers
up to 1 year after start of the stimulation.

Of the 619 women starting stimulation, 557 had at least one
fresh or cryotransfer. A total of 927 ETs were performed, of which
520 were fresh transfers and 407 were cryotransfers. In total, 252
subjects had at least one cryotransfer, 102 had a second cryo-
transfer, 37 had a third, 12 had a fourth, three had a fifth, and
one had a sixth cryotransfer. The timing of all fresh and cryo-
transfers and all live births are illustrated in Fig. 1, with digits in-
dicating the order of the transfer. The live birth rates for each
transfer are summarized in Fig. 2 and, as expected, the live birth

rate decreases with increasing cycle rank. Of the 520 fresh trans-
fers, 212 (41%) resulted in a live birth, whereas for the 407 cryo-
transfers, 100 (25%) resulted in a live birth (unadjusted
difference, 16%).

To provide a more accurate comparison between fresh and
cryotransfers, live birth rate per transfer was analysed using a
mixed-effect logistic regression model, accounting for repeated
transfers in the same woman and where women’s log-odds of
achieving live birth was assumed to be normally distributed
within the trial population. The type of transfer (fresh or cryo)
was included as a fixed factor in the model. The relationship be-
tween log-odds and probability (p ¼ exp(log-odds)/(1 þ exp(log-
odds)) was subsequently used to obtain estimates of live birth
rates for fresh and cryotransfers, but in order to account for the
random woman factor in the model, the estimated live birth rates
per transfer (E pið Þ) were calculated as follows:

E pið Þ ¼
1ffiffiffiffiffiffi
2p
p

s

ð1
�1

ex

1þ ex e�ð1=2Þ x�logoddsi=sð Þ2 dx;

where s denotes the standard deviation of the normal distribu-
tion in the mixed-effect model and i ¼ (fresh or cryotransfer). The
delta method (Doob, 1935) was used to calculate the confidence
interval and p-value for the difference in mean live birth rate be-
tween fresh transfers and cryotransfers.

When using this analysis to adjust for repeated transfers in
the same women, the live birth rates were estimated to be 41%
per fresh transfer and 36% per cryotransfer. The difference be-
tween live birth rates per fresh transfer and per cryotransfer was
estimated to be 5.3%, with a 95% confidence interval ranging

Figure 1. Timepoints of all fresh transfers, cryotransfers, and live births
in the RAINBOW trial. Digits represent the order of the transfers, with
one being the first transfer (fresh transfer, or the first cryotransfer for
subjects without fresh transfer). The women are sorted by time to first
live birth, and shown as percent of all women, so that the live birth digits
form a cumulative live birth rate versus time curve.
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from –6.6% to 17.1%, and with no statistically significant differ-
ence between fresh and cryotransfers in chance of success
(P¼ 0.3827). This example quantifies the underestimation of the
live birth rate of women undergoing cryocycles by a factor of 0.69
(e.g. absolute 11%, relative 30% alluding to an individual
woman’s chance of live birth per cryocycle being 36% and not 25%).

Cryocycle success rates: better or worse by
biology or by statistics?
Until 2014, success rates per cryotransfer were consistently
reported to be lower as compared to fresh cycle success rates in
registry data (European IVF Monitoring Consortium (EIM), for the
European Society of Human Reproduction and Embryology
(ESHRE) et al., 2022). This phenomenon has so far mostly been
explained by selection bias in an era of predominant fresh cycle
IVF (European IVF Monitoring Consortium (EIM), for the
European Society of Human Reproduction and Embryology
(ESHRE) et al., 2022), both due to patient factors (e.g. except for oc-
casional freeze-all cycles, women will only undergo a cryocycle if
not pregnant after the fresh transfer) and embryo factors (the top
quality embryos have usually preferentially been transferred in
the fresh cycle, leaving only lower quality embryos for cryopres-
ervation), respectively. Of note, freezing–thawing per se appears
not to induce damage, as randomized trials comparing a freeze-
all and later cryotransfer versus immediate fresh transfer strat-
egy have shown that freezing–thawing with state-of-the-art tech-
nology is not associated with worse outcomes (Bosdou et al.,
2019).

The selection biases when comparing live birth rates between
fresh and cryotransfers also become apparent in the RAINBOW
trial dataset. Figure 3 shows live birth rates versus embryo qual-
ity for fresh and cryotransfers as a bubble plot, with the size of
bubbles indicating the percentage of transfers performed with

each embryo quality. Blastocysts were scored by using the system

of Gardner and Schoolcraft (1999) with the addition of D-catego-

ries for inner cell mass and trophectoderm scoring. Figure 3

Figure 2. Live birth rate per transfer in the RAINBOW trial. The size of the bubbles indicates the number of women with fresh transfer or cryotransfer.

Figure 3. Live birth rate for different embryo qualities and for fresh and
cryotransfers in the RAINBOW trial. The size of the bubbles (and the
data labels) indicates the percentage of transfers performed with each
embryo quality, with fresh and cryotransfers each summing up to 100%.
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shows that the percentages of transfers using high-quality blas-
tocysts were higher for fresh transfers compared with cryotrans-
fers (i.e. 5AA: 20% vs 5%, 5AB: 12% vs 5%, 4AA: 10% vs 4%). In
addition, the figure shows that for most quality gradings, the live
birth rates were higher for fresh transfers (i.e. 5AA: 55% vs 38%,
5AB: 39 vs 21%, 4AA: 52% vs 28%), a difference largely attribut-
able to the biases discussed above. In conclusion, comparisons of
crude live birth rates between fresh and cryotransfers are, in a
population with predominant fresh transfer after IVF/ICSI, al-
ready considerably biased by differences in both embryo quality
and prognosis of populations.

Selection bias may, however, also favour cryocycles. More
recently, freeze-all cycle usage has dramatically increased
(European IVF Monitoring Consortium (EIM), for the European
Society of Human Reproduction and Embryology (ESHRE) et al.,
2022). A freeze-all strategy is often done in high responders pre-
dicted to be at risk of ovarian hyperstimulation syndrome
(Griesinger et al., 2007, 2016; Bosch et al., 2020) or in conjunction
with pre-implantation genetic testing for aneuploidy (PGT-A)
(Sermon et al., 2016; Irani et al., 2020). The good prognosis, high-
response patients are thereby excluded from the fresh cycle pool
of data, and, when PGT-A is applied, only positive selected em-
bryos will be transferred in cryocycles, while the deselection of
genetically abnormal embryos will decrease the number of cryo-
cycles an individual can contribute to a pool of treatment cycles
recorded in a registry.

We suggest that the lack of adjustment for multiple succes-
sive cryotransfers with increasingly poorer prognosis occurring in
the same individual may represent yet another source of relevant
bias. In our example, after adjusting for the number of ETs, the
individual woman’s success rate per cryocycle is similar to the
fresh cycle success rate (Weiss et al., 2023). Accordingly, the puta-
tive low pregnancy rate historically reported by registries for
cryocycles may have led to an exaggerated concern about puta-
tive cryo-damage or futility of cryo-treatments. In addition, ad-
justed estimates would most likely not have lent support to
multiple ETs for each cryocycle attempt in order to correct for a
putative lower chance of success.

The couple as the correct ‘unit-of-analysis’
Taking the multiple sources of bias into account, one would be
very reluctant to draw causal inferences from registry data
(Wilkinson et al., 2019), as the distortion of the success rate when
calculated from pooled treatment events is not limited to cryo-
cycles. It will likewise occur when the outcome is calculated per
initiated IVF treatment cycle, per oocyte retrieval event, or as a
cumulation of success from all ETs after one ovarian stimulation
cycle with IVF/ICSI treatment. Mean success rates, unadjusted
for number of treatment attempts per patient, will thereby vary
depending on the number of treatment attempts women will un-
dergo. This in turn will depend on a multitude of factors, one of
which is likely to be funding of IVF/ICSI cycles (e.g. without reim-
bursement, it is expected that on average fewer treatment
attempts would be undertaken by each woman and therefore
fewer cycles in higher treatment ranks will be contributing to the
erroneous denominator). This also illustrates why international
comparisons of pooled per-cycle outcome data do not make
sense without a minimum understanding of the underlying num-
ber of cycles and/or ETs per woman (Fauser, 2019).

Efficacy and safety of a treatment should ideally be estab-
lished in robust clinical trials with the appropriate unit-of-

analysis being the patient, not the treatment cycle, and not the
embryo (Vail and Gardener, 2003; Griesinger, 2016); however, in-
stead there has been a call for using ‘big data’, ‘algorithms to em-
brace confounding’, and ‘real-world evidence’ (Cohen and
Alikani, 2013). A recent review article has summarized the prob-
lems and perils of using large observational databases to address
pertinent questions in reproductive medicine (Wilkinson et al.,
2019). Herein, we highlight just another one, namely the treat-
ment cycle as the unit-of-analysis in most registries (Adamson
et al., 2018) and the ramifications of unadjusted success-rate
reporting. Given the necessary high level of data protection, it
may not be easy to collect non-anonymized data (e.g. for the
number of cycles per patient) in institutions outside the one
where the health-care providers practise. However, this would be
a necessity for an appropriate adjustment of cycle data out-
comes. Future efforts should also address the issue of infertile
couple versus infertile female patient as the relevant unit-of-
analysis, the issue of cross-over of patients between treatment
centres, and the issue of reporting outcomes over longer time
spans than a single calendar year.

Of note, the present analysis is not to be mistaken with an
outcome prediction modelling approach, in which all known co-
variates must be considered while adjusting for multiple corre-
lated treatment cycles within individuals in order to arrive at a
best fit model of treatment success over time. A number of such
models have already been developed and the methodological
issues when analysing multiple-cycle data from couples under-
going IVF have been described in that context (Missmer et al.,
2011; Yland et al., 2019).

What next for success-rate reporting from
registry data?
Where feasible, registries could report adjusted mean success
rates per treatment attempt, as exemplified herein. As a second-
best option, registries could report success rates separately for
treatment cycle ranks. As a minimum, and for easy patient
counselling, at least first cycle rank cumulative success rates
should be reported per female age stratum. This would help in
setting patient expectations at the outset of treatment as well as
explaining that success rates decrease per repetitive attempt.
Where applicable, existing prediction algorithms should be used
if based on the correct unit of analysis, i.e. the couple, and ad-
justed for treatment rank, among other relevant factors, such as
female age, parity, or treatment type (SART Predictor; Wang et al.,
2022).

Conclusion
After 40 years of cycle data collection in ART registries
(Felderbaum and Dahncke, 2020), progress should be made in our
field in how we better inform patients and the public on treat-
ment success perspectives. The correct unit-of-analysis should
be the couple, not the cycle. Live birth rates per transfer from
datasets encompassing multiple transfers from single individuals
could be more accurately reported using statistical models
accounting for the correlation between cycle outcomes within
women.
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