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Abstract

The development of human embryo freezing techniques was initially motivated by the improvement of ovarian stimulation protocols, leading
to the formation of more embryos all of which could not be transferred simultaneously because of the risk of multiple pregnancies. Accordingly,
some embryos (usually the best-appearing ones) were transferred in the fresh state, and the remaining ones were frozen to be transferred later.
This “fresh-and-freeze” practice was later challenged by two important findings. First, the avoidance of embryo transfer in the ovarian stimulation
cycle was shown to reduce the risk of ovarian hyperstimulation syndrome (OHSS). Second, endometrial receptivity tends to be disturbed by the
ovarian stimulation. These findings led to the formulation of the freeze-all strategy, whereby all embryos available are frozen for later transfer.
However, there are still no generally accepted guidelines to be used when choosing between the fresh-and-freeze and freeze-all strategy. In this
paper, the pros and cons of the freeze-all strategy are outlined, and new data to be added to this old puzzle are highlighted..
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Background and State of the Art
The first birth after cryopreservation, thawing and uterine
transfer of an eight-cell human embryo was reported in 1983 [1].
The interest in applying methods of embryo cryopreservation,
previously used successfully in the mouse model [2,3], to human
embryos was related to the development of more effective ovarian
stimulation protocols, leading to the recovery of more oocytes
and embryos that could not be all transferred in the fresh state
because of the risk of multiple pregnancies [4]. Accordingly, the
use of cryopreserved embryos in human assisted reproduction
was originally limited to remaining extra embryos after previous
fresh embryo transfer.
The concept of freeze-all strategy, whereby none of the
embryos resulting from an in vitro fertilization (IVF) attempt is
transferred in the fresh state and all of them are cryopreserved
for later transfer, has evolved over the past ten years, mainly for
two reasons. First, embryo transfer and pregnancy in an ovarian
stimulation cycle can produce ovarian hyperstimulation syndrome
(OHSS) in patients at risk, a condition much less likely to occur
when embryo transfer is postponed [5]. The second reason is
related to the endometrium receptivity for implanting embryos
after ovarian stimulation. In fact, ovarian stimulation enables
excess number of oocytes to be obtained, but at the same time it
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impairs endometrium receptivity owing to supraphysiologically
high hormone levels during the follicular phase [6]. Moreover, all
of the currently used ovarian stimulation protocols also disturb
the implantation process after fresh embryo transfer through
altering the secretion of progesterone by the corpus luteum, even
though this drawback can be partially overcome by an adequate
luteal phase support, adapted to the ovarian stimulation protocol
used and to the individual characteristics of each patient [7]. In
fact, several studies [8-10] reported an improvement of live birth
rate (LBR) after frozen embryo transfer (FET) as compared with
fresh embryo transfer.

Nevertheless, some other studies comparing fresh and
frozen embryo transfers were less conclusive as to the overall
beneficial effect on embryo implantation in the whole population
of infertile women. A Cochrane systematic review [11] found
evidence showing seemingly no difference between the two
strategies in cumulative live birth rate per woman. This appears
to be due to the fact that some women can benefit from frozen
embryo transfer more than others, depending on their response
to ovarian stimulation. Analysis of data (2014-1015) from the
American Society for Assisted Reproductive Technology Registry
showed that frozen embryo transfers benefited only patients who
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produced a large number of oocytes (>14), whereas live birth rates
in intermediate and poor responders to ovarian stimulation tended
to be higher after fresh embryo transfer [12]. However, these data
have to be interpreted with caution because of improvements of
embryo freezing and thawing techniques achieved since the time
period analyzed so far today.

In addition to OHSS and LBR, however, there are also other
issues that need to be taken into account when deciding between
the fresh-and-freeze and the freeze-all strategy [13]. Most of
these issues concern the obstetric and neonatal outcomes with
the use of each of the two strategies. Acccording to a recent metaanalysis [14], pregnancies resulting from FET were associated
with lower relative risks of placenta previa, placental abruption,
low birth weight, very low birth weight, very preterm birth, small
for gestational age, and perinatal mortality compared with fresh
embryo transfer. On the other hand, pregnancies occurring from
FET were associated with increased risks of pregnancy-induced
hypertension, postpartum hemorrhage, and large for gestational
age compared with fresh embryo transfer, while the risks of
gestational diabetes mellitus, preterm premature rupture of the
membranes, and preterm birth showed no differences between the
two groups [14]. Apparently, the advantages and disadvantages of
FET still remain to be re-evaluated by larger prospective studies.
As a precautinary measure they should be ponderated against
each other, with regard to the individual condition of each patient.

In search for the most efficient strategy

In view of the above data, the decision of whether to perform
fresh embryo transfer in an ovarian stimulation cycle, with
eventual freezing of supernumerary embryos, or whether to
freeze all embryos available and postpone embryo transfer for a
later date still remains a difficult choice. The decision in favor of
the freeze-all option is relatively easy when there is an imminent
risk of OHSS or if the patient’s endometrium shows apparent
irregularities, often accompanied by premature rise of serum
progesterone concentration, revealed by ultrasound scan. In most
other cases, the decision is not easy and sometimes resembles a
puzzle in which some pieces are still lacking. Hence, any new data
that can be useful for taking this difficult decision are welcome.

A recent systematic review showed that retrieval of 1218 oocytes is associated with maximal LBR after fresh embryo
transfer, whereas a continuing positive association between the
number of oocytes retrieved and cumulative LBR (including the
fresh and frozen embryo transfers) was found [15]. The reason of
the decrease in LBR after fresh embryo transfer in cases with very
high numbers of retrieved oocytes appears to be related with an
impairment of uterine receptivity. These data are in agreement
with the conclusions of a previously published multicenter
randomized controlled trial comparing the efficacy of fresh and
frozen single-blastocyst transfers [10].
Assuming that the hyper-response to ovarian stimulation
decreases uterine receptivity, it appears reasonable to advise
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women at risk of this condition about the inconveniences of
fresh embryo transfer, also including the risk of OHSS, and to
suggest an alternative therapeutical plan. This should be based
on adequate ovarian stimulation, aimed at the retrieval of the
optimal number (12-18) of oocytes. The subsequent decision as
to the embryo transfer strategy (fresh plus frozen or freeze-all) is
to be taken with regard to the basic hormonal characteristics of
the patient, the course of her ovarian stimulation treatment, and
the current aspect of her endometrium. If the freeze-all option is
chosen, the subsequent FET should be planned, using a strictly
personalized endometrial preparation protocol, similar to that
used with success in oocyte donation treatment cycles [16]. This
strategy is expected to take full advantage of the strong ovarian
response, while limiting the risk of OHSS, preventing the loss of
the best embryos due to inadequate uterine receptivity, and thus
reducing the need for future ovarian stimulation cycles with their
associated cost and discomfort.
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