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INTRODUCTION
In the early days of in vitro fertilisation (IVF), embry-

os were created through fertilisation of one or two eggs 
collected in a natural cycle and pregnancy rates were 
low [1]. With the introduction of ovarian stimulation, the 
number of embryos available to transfer in each fresh 
cycle increased. Consequently, the transfer of multiple 
embryos was common and those that were not trans-
ferred were discarded. In 1983, Trounsen and Mohr 
[2] described the first pregnancy from a cryopreserved 
embryo, with the first baby born after frozen–thawed 
embryo replacement (FER) also known as frozen-thawed 
embryo transfer (FET) the following year [3].

For many years FER/FET was associated with much 
lower embryo survival and live-birth rates than fresh 
IVF. However, recent advances in embryology and a 
better understanding of how to prepare the endometri-
um for FET have led to improved outcomes [4, 5]. Data 
from the Human Fertilisation and Embryology Authority 

[6] suggest the UK live-birth rate for FER is now similar 
to that of fresh IVF (Figure 1). 

The improvement in outcomes associated with FER 
has been mirrored by a dramatic increase in the num-
ber of FER cycles. Between 2012 and 2017, the number 
of FER cycles undertaken in the UK rose from 11,959 
to 23,828 – an increase of 99% – while the total num-
ber of fresh cycles declined by 5%. Frozen cycles now 
account for more than 34% of all cycles [6]. This review 
highlights the importance of FER in assisted reproduc-
tion; outline the methods of, and indications for, em-
bryo cryopreservation; and discuss the various methods 
of preparing the endometrium for FER.

REASONS FOR THE INCREASE IN 
FROZEN–THAWED EMBRYO REPLACEMENT
Improved embryology techniques
The aim of embryo cryopreservation is to preserve 

the embryo in a state of suspended animation [7]. How-
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Figure 1. Live-birth rate per embryo transferred and multiple birth rate per live birth (UK). Constructed using Human 
Fertilisation and Embryology Authority data [6]. IVF = in vitro fertilisation.
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ever, freezing results in the formation of ice crystals 
which can damage the embryo [8].  This situation is 
ameliorated through the use of cryoprotectants, which 
dehydrate the embryo and prevent ice formation. 

Initial embryo cryopreservation strategies focused 
on slow freezing. This involves dehydration of the em-
bryo, achieved by passing it through a series of low 
concentration cryoprotectants, followed by a controlled 
freezing process, which takes around 2 hours and re-
quires a cryo machine. Many IVF units now use a freez-
ing technique known as vitrification which is faster and 
more convenient, taking only minutes and not requir-
ing large, expensive machinery. During vitrification, the 
embryo is exposed to high concentrations of cryopro-
tectants and cooled rapidly by exposing it directly or 
indirectly to liquid nitrogen. The rapidity of the cooling 
process prevents water from forming ice crystals, ef-
fectively solidifying the cells into a glass-like state and 
avoiding cellular damage [9].

Several studies have highlighted higher embryo sur-
vival rates following vitrification compared with slow 
freezing [4,  10]. This translates into improved clinical 
outcomes, with a 2015 randomised controlled trial 
(RCT) [11]  demonstrating a higher live-birth rate per 
embryo thawed after vitrification compared with slow 
freezing. Moreover, a cohort study of more than 30,000 
FERs [12] demonstrated a higher live-birth rate per cy-
cle started for vitrified versus slow frozen embryos, with 
meta-analysis data [13]  supporting these findings. The 
simplicity, speed and high embryo survival rate (more 
than 95% post-thaw survival) offered by vitrification 
have led to its widespread uptake into clinical practice.

Embryos can be cryopreserved at any stage of devel-
opment from the pronuclear (day 1) and cleavage (days 
2–4) stages to blastocyst (days 5 and 6) [14].  During 
culture, embryos are inspected at different timepoints, 
with the number of viable embryos falling over time, as 
some stop developing. This ‘embryonic arrest’ may be 
due to chromosomal abnormalities, oxidative stress or 
inability to activate specific genes. Postponing cryopres-
ervation until blastocyst allows embryos to be observed 
for longer, to better determine which are viable and 
avoid freezing embryos unnecessarily. Several studies 
have demonstrated improved live-birth rates following 
transfer of embryos cryopreserved at the blastocyst 
stage compared with embryos at earlier stages [7, 15, 
16]. It is clear that blastocyst is the preferred stage of 
embryo freezing in the UK: 98% of the responding clin-
ics (77% of UK clinics responded) favouring cryopreser-
vation at this stage [17].

Widening indications for embryo freezing
Many couples who undergo a fresh IVF cycle will 

have more than one viable embryo available at the blas-
tocyst stage. Improved outcomes after embryo cryo-
preservation and FER have allowed clinics to move to 
a policy of elective single embryo transfer (SET), while 
maintaining cumulative live-birth rates [18, 19]. Recent 
years have seen a reduction in the multiple pregnancy 

rate associated with IVF (Figure 1), with FER playing a 
central role in this trend [6].

With improved success of embryo cryopreserva-
tion, the indications for embryo freezing have widened. 
Slow-developing embryos, which become blastocysts on 
day 6, are associated with lower pregnancy rates in fresh 
cycles than are day-5 blastocysts [20, 21]. This may be 
partly due to the day of transfer being out of synchrony 
with the endometrial window of implantation [20, 21]. 
Several studies demonstrate higher pregnancy rates 
when day-6 embryos are cryopreserved and resynchro-
nised with the endometrium in a subsequent FER cycle 
compared with fresh transfer on day 6 [22, 23].

A fresh cycle in which all suitable embryos are fro-
zen is known as a ‘freeze-all’ or ‘freeze-only’ cycle. Be-
low are the indications for a freeze-all strategy. Planned 
freeze-all permits the use of pre-implantation genetic 
testing, whereby embryos are biopsied and cryopre-
served while genetic analysis is undertaken. It also al-
lows for embryo batching when patients are late in their 
fertile lives and want more than one child, or for fertility 
preservation in those due to undergo gonadotoxic ther-
apy. It is yet to be proven, but there may also be benefit 
to the freeze-all approach in cases of recurrent implan-
tation failure [24, 25].

Indications for freezing all suitable embryos 
(freeze-all strategy)
Unplanned freeze-all

•	 Ovarian hyperstimulation syndrome
•	 Uterine abnormality identified during ovarian stim-

ulation (e.g. endometrial polyp identified during the 
cycle, fluid in the endometrium)

•	 Complications of egg-collection procedure (e.g. in-
traperitoneal bleeding, damage to viscera, pelvic 
infection)

•	 Social factors (unable to attend embryo transfer or 
need to defer pregnancy)

•	 Raised progesterone on day of trigger injection 
(continuing research)

Planned freeze-all
•	 Pre-implantation genetic testing
•	 Fertility preservation
•	 Recurrent implantation failure (continuing research)

A common reason for an unplanned freeze-all strat-
egy is ovarian hyperstimulation syndrome (OHSS). If an 
embryo implants during a cycle complicated by or at 
high risk of OHSS, the resultant rise in human chorion-
ic gonadotrophin (hCG) is associated with an increase in 
the inflammatory mediator vascular endothelial growth 
factor and a prolonged, more severe clinical course 
[26]. The freeze-all approach prevents a rise in hCG, 
avoiding the development of late OHSS. A Cochrane 
meta-analysis [27] suggests that if the rate of OHSS is 
7% following fresh transfer, in the freeze-all approach it 
is 1–3%. This is clinically significant given the morbidity 
associated with the condition. Other acute indications 
for freezing all suitable embryos include pelvic infec-
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tion, uterine abnormalities (such as fluid in the endo-
metrium) and social factors. The option of freezing all 
suitable embryos with no adverse effect on cumulative 
live-birth rate has undoubtedly led to increased flexibili-
ty and more individualised patient care in IVF.

Improved outcomes with a planned 
freeze-all strategy?
Some clinicians advocate a freeze-all strategy in all 

fresh cycles in an approach known as ‘segmented IVF’ 
[28].  It is postulated that the supraphysiological hor-
mone levels associated with controlled ovarian stim-
ulation may adversely affect endometrial receptivity, 
reducing the pregnancy rate and impacting perinatal 
outcomes [29]. Indeed, the histological changes in the 
endometrium necessary for implantation occur earlier 
in controlled ovarian stimulation than in the natural cy-
cle [30-32].  Moreover, controlled ovarian stimulation 
may negatively affect the expression of proteins essen-
tial for implantation, such as integrins [28].  In theory 
this could be corrected by embryo cryopreservation and 
subsequent FER. However, this remains controversial.

Pregnancy and live-birth rate
Whether the freeze-all strategy improves clinical 

pregnancy and live-birth rate compared with fresh em-
bryo transfer in all patients is debatable. A systematic 
review and meta-analysis in 2013 [33]  included three 
RCTs and demonstrated a higher ongoing pregnancy 
rate associated with the freeze-all strategy compared 
with fresh transfer. However, one of the included stud-
ies was later retracted due to poor methodology, and 
a subsequent Cochrane meta-analysis [27]  found no 
difference in live-birth rate between patients undergo-
ing elective freeze-all versus those undergoing fresh 
transfer. Moreover, two large RCTs published in 2018 
[5,  34]  demonstrated no difference in live-birth rate 
between the freeze-all approach and fresh transfer in 
ovulatory women. These trials excluded patients with 
polycystic ovarian syndrome (PCOS), who are a group 
considered to be high responders (i.e. those respond-
ing strongly to ovarian stimulation).

In high responders, such as those with high antral 
follicle counts and PCOS, the case for the freeze-all 
strategy appears stronger. In 2011 an RCT [35] demon-
strated a significantly higher ongoing pregnancy rate 
with the freeze-all approach compared with fresh trans-
fer in those with a total antral follicle count of more 
than 15. This finding was supported by a 2016 RCT 
of 1508 women with PCOS [36], which highlighted a 
higher live-birth rate with the freeze-all strategy com-
pared with fresh transfer (relative risk [RR] 1.17, 95% 
confidence interval [CI] 1.05–1.31). Moreover, a 2018 
analysis of more than 80,000 cycles from the Society 
for Assisted Reproduction Technology database in the 
USA [37] compared the outcomes of women undergo-
ing their first FER after freeze-all approach in their first 
fresh cycle with those undergoing their first fresh em-
bryo transfer and demonstrated a higher live-birth rate 

in high responders (15 or more oocytes; 52.0% versus 
48.9%, P < 0.02) and a  lower live-birth rate in inter-
mediate (6–14 oocytes; 35.3% versus 41.2%, P < 0.02) 
and low responders (1–5 oocytes; 11.5% versus 
25.9%, P < 0.02) associated with the freeze-all strategy. 
However, caution is warranted, as the reason for the 
freeze-all approach was poorly documented.

 An RCT published in 2019 [38] comparing the freeze-
all strategy with fresh embryo transfer included 1650 
women and highlighted a significantly higher live-birth 
rate among those in whom the freeze-all strategy was 
employed compared with fresh transfer (50% versus 
40%; RR 1.26, 95% CI 1.14–1.41). This study excluded 
those at risk of OHSS; therefore, one would expect the 
number of high responders to be low. However, closer 
analysis of the study reveals that the patient cohort was 
young (mean age 28 years) with a relatively high ovarian 
response. Moreover, the cumulative live-birth rate asso-
ciated with embryos derived from the fresh cycle was 
no different in the freeze-all and fresh transfer groups, 
and the duration to pregnancy was longer in the freeze-
all group. These trends of no difference in cumulative 
live-birth rate between the freeze-all strategy and fresh 
transfer, and a longer time to pregnancy associated with 
the freeze-all approach are consistent across many of 
the published RCTs [5, 34, 36].

There is some evidence that the freeze-all strategy 
may be beneficial if there is a premature rise in serum 
progesterone level in a fresh IVF cycle [39-41]. In fresh 
IVF a ‘trigger’ injection of hCG or gonadotrophin-releas-
ing hormone (GnRH) agonist is administered around 36 
hours before oocyte collection to induce oocyte matura-
tion (mimicking the mid-cycle surge of luteinising hor-
mone [LH] seen in a natural cycle). It is postulated that if 
the serum progesterone is prematurely elevated on the 
day of trigger, this may shift the endometrial window of 
implantation, causing asynchrony between the endome-
trium and the embryo, negatively impacting implantation. 
Various thresholds of serum progesterone are suggest-
ed of between 2.9 and 6.4 nmol/ml [41-43]. However, 
more data are required before the freeze-all approach 
can be widely recommended in this situation.

Maternal and perinatal outcomes
A 2018 meta-analysis [44], which included 26 stud-

ies, broadly compared maternal and perinatal outcomes 
in fresh versus frozen embryo transfer and conclud-
ed that, compared with fresh embryo transfer, con-
ception through FER conveyed a lower relative risk of 
preterm birth (birth before 37 weeks: RR 0.9, 95% 
CI 0.84–0.97), low birthweight (<2500  g: RR 0.72, 
95% CI 0.67–0.77) and small for gestational age (RR 
0.61, 95% CI 0.56–0.67). A second systematic review 
[45]  supports these findings. The risk of antepartum 
haemorrhage, congenital anomalies, perinatal mortality 
and admission to a neonatal unit appeared similar be-
tween fresh and frozen embryo transfer [44, 45]. How-
ever, both meta-analyses highlighted an increased RR 
of gestational hypertensive disorders and postpartum 
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haemorrhage associated with FER. Interestingly, the 
most recent RCT [38] comparing the freeze-all strate-
gy with fresh transfer has also demonstrated a higher 
rate of pre-eclampsia (by a factor of 3) in the freeze-all 
group (RR 3.1, 95% CI 1.06–9.30).

There is a well-documented association between FER 
and large-for-gestational-age babies, with Maheshwari 
and colleagues’ meta-analysis [44] concluding that the 
RR of high birthweight (>4500 g) is 1.85 (95% CI 1.46–
2.33) compared with fresh transfer. Moreover, a 2016 
observational study [46] of more than 112,000 singleton 
pregnancies demonstrated a higher risk of high birth-
weight (>4000 g) with FER compared with fresh IVF. 
These findings are clinically significant considering the 
association of high birthweight with long-term develop-
ment of the metabolic syndrome and potentially seri-
ous obstetric complications, such as shoulder dystocia 
and birth trauma [47]. Given the difficulty in predicting 
these complications in obstetric practice, obstetricians 
should be aware of the association between conception 
through FER and high birthweight.

The higher birthweight associated with FER is likely 
multifactorial. The supraphysiological hormone levels 
seen in fresh IVF may affect endometrial function in-
terfering with placentation and leading to comparatively 
lighter babies [48]. Differences in expression of genes 
between fresh and frozen–thawed embryos are also im-
plicated [49]. In addition, molecular studies describe a 
higher rate of abnormalities of the intracellular spindle 
structure necessary for cell division in frozen–thawed 
compared with fresh blastocysts, which may disrupt the 
normal mechanisms of cellular division [50].

One RCT is the multicentre E-freeze trial, Elective 
freezing of embryos versus fresh embryo transfer in 
IVF: a multicentre randomized controlled trial in the 
UK (E-Freeze). This study, although limited by sample 
size, provides no evidence to support the adoption of a 
routine policy of elective freeze in preference to fresh 
embryo transfer in order to improve IVF effectiveness 
in obtaining a healthy baby. There was no evidence of 
a statistically significant difference in outcomes in the 

elective freeze group compared to the fresh embryo 
transfer group: healthy baby rate (20.3% (62/307) ver-
sus 24.4% (75/309); risk ratio (RR), 95% CI: 0.84, 0.62 
to 1.15}; OHSS (3.6% versus 8.1%; RR, 99% CI: 0.44, 
0.15 to 1.30); live birth rate (28.3% versus 34.3%; RR, 
99% CI 0.83, 0.65 to 1.06); and miscarriage (14.3% 
versus 12.9%; RR, 99% CI: 1.09, 0.72 to 1.66). Adher-
ence to allocation was poor in the elective freeze group. 
The elective freeze approach was more costly and was 
unlikely to be cost-effective in a UK National Health Ser-
vice context [51]. 

PROCESS OF FROZEN–THAWED 
EMBRYO REPLACEMENT
Endometrial preparation for frozen–thawed 
embryo replacement
The process of embryo thaw and re-expansion takes 

around 1–2 hours and is described in Figure 3. Before a 
cryopreserved embryo can be thawed and transferred, 
the endometrium must be prepared, such that it is at 
its most receptive. The endometrium can be prepared 
using four main methods: the natural cycle, the mod-
ified natural cycle, hormone replacement (medicated 
FER) or ovarian stimulation. Despite the recent rise in 
the number of FERs, the optimum protocol for prepa-
ration of the endometrium is unknown. Prospective 
data and meta-analyses undertaken between 2013 and 
2017 indicate little difference in outcome between each 
method, but data are limited and protocols vary be-
tween clinics, making conclusions difficult to draw [52-
55]. Box 2 summarises the characteristics of different 
methods of endometrial preparation.

CHARACTERISTICS OF DIFFERENT METHODS 
OF ENDOMETRIAL PREPARATION FOR 
FROZEN–THAWED EMBRYO REPLACEMENT
Natural cycle frozen–thawed embryo replacement
Advantages:

•	 No need for medication (avoids adverse effects)
•	 Cheaper than medicated frozen–thawed embryo re-

placement (FER)

Figure 2. Microscopic (x200 magnification) images of blastocyst embryos during thaw (with consent of patients). (A) A col-
lapsed embryo. At the time of embryo cryopreservation, embryos are collapsed by disruption of the TE. This is done either me-
chanically or by laser. The aim of this is to reduce the water content and avoid ice crystal formation. (B) AH. It is possible that 
the outer coat of the embryo, the ZP, may become hardened during cryopreservation. To help the embryo hatch, a portion 
of the ZP may be removed at the time of thaw using a laser. (C) A thawed and re-expanded embryo. Embryos are thawed by 

passing through a series of decreasing concentration cryoprotectants. Expansion of the embryo occurs over around 1–2 hours. 
(D) A thawed blastocyst hatching through the ZP. The cross marking in the images is the guide for the laser used for AH. AH = 

assisted hatching; TE = trophectoderm; ZP = zona pellucida.
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Disadvantages:
•	 Involves intensive ultrasound and endocrine moni-

toring
•	 Requires ovulation
•	 No control over day of embryo transfer, as fixed 

according to ovulation (so embryo transfer may be 
over a weekend)

•	 Cancellation rate around 8–15% of started cycles

Medicated frozen–thawed embryo replacement
Advantages:

•	 Permits embryo transfer in anovulatory women
•	 Allows choice over day of embryo transfer, which is 

convenient
•	 In the case of ‘thin endometrium’, the dose and route 

of estrogen can be modified
•	 Woman may feel more in control of events
•	 Relatively low cycle cancellation rate (1–2%)

Disadvantages:
•	 Prolonged course of medication
•	 Medication may have adverse effects
•	 More expensive than natural cycle FER

Ovarian stimulation frozen–thawed 
embryo replacement
Advantages:

•	 Permits embryo transfer in anovulatory women who 
do not want standard medicated FER

•	 May involve fewer days of medication than standard 
medicated FER

•	 Relies on endogenous estradiol, so it may be benefi-
cial in those with absorption issues

Disadvantages:
•	 Requires intensive monitoring
•	 Medication can cause adverse effects 
•	 Gonadotrophins are associated with a risk of ovarian 

hyperstimulation syndrome
•	 Clomifene may have an adverse effect on the endo-

metrium
•	 Gonadotrophins are expensive

Natural cycle frozen–thawed embryo replacement
Natural cycle FER involves ultrasound and monitor-

ing for signs of ovulation, with embryo transfer timed 
accordingly (Figure 3). Following FER, embryo implanta-
tion and development are supported by the endogenous 

Figure 3
Natural cycle and modified natural cycle FER example cycle timelines. The timeline starts at day 1, which is the first day of 

the menstrual period. Variation exists between clinics, particularly with regard to the methods used to determine the time of 
ovulation. ET = embryo transfer; FER = frozen–thawed embryo replacement; hCG = human chorionic gonadotrophin; LH = 

luteinising hormone; USS = ultrasound scan.
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hormones secreted by the corpus luteum. Given that 
ovulation occurs in natural cycle FER, abstinence from 
intercourse or barrier contraception is recommended 
to reduce the risk of multiple pregnancy through natu-
ral conception.

Natural cycle FER avoids medication, which is costly 
and can have adverse effects. However, the rate of cycle 
cancellation associated with natural cycle FER is rela-
tively high, with estimates of around 8–15% versus 1–2% 
for medicated FER [54, 56]. A cycle may be cancelled 
when no dominant follicle is seen, the LH surge is not 
diagnosed, bleeding occurs or the endometrium is of 
insufficient thickness.

There is debate regarding the most effective moni-
toring strategy to detect ovulation. A common approach 
involves ultrasound monitoring of the ovaries to iden-
tify a dominant follicle, followed by blood and/or urine 
LH testing. Embryo transfer is usually undertaken on 
day 6 or 7 after LH surge for a blastocyst stage embryo 
[57]. Consequently, the date of embryo transfer is fixed 
in time relative to ovulation. This can be inconvenient 
when managing clinical workflow, particularly if a clin-
ic is closed at weekends. Moreover, identifying the LH 
surge represents a challenge. There is variability in the 
profile of the LH surge between cycles, even in the same 
woman [58, 59];  the rise in urine LH can lag behind 
blood by a number of hours and urine monitoring kits 
have a high false-negative rate [60, 61]. Consequently, 
some clinics also perform regular ultrasound scans to 
confirm ovulation and test for the rise in serum proges-
terone that follows luteinisation.

Modified natural cycle frozen–thawed 
embryo replacement
An exogenous hCG trigger can be used to more ac-

curately define the time of ovulation in the ‘modified 
natural cycle’. The dominant follicle is tracked until it is 
16–20 mm in diameter, after which an hCG injection is 
administered (Figure 3). Retrospective data comparing 
hCG triggering with endocrine monitoring in natural 
cycle FER are conflicting [62-65],  and only two small 
RCTs have made this comparison [66, 67]. The first in-
volved 124 women and was stopped early because of a 
low pregnancy rate in the hCG group [66]. The second 
involved 60 women and demonstrated no difference in 
clinical pregnancy or live-birth rates [67]. Consequently, 
there remains debate as to which approach is superior.

The benefit of supplementary luteal phase pro-
gesterone in natural cycle FER is unclear. One RCT 
[68] demonstrated a higher live-birth rate in patients 
administering vaginal progesterone from the evening of 
embryo transfer. However, one RCT and several retro-
spective studies [65, 69-71] have demonstrated no ben-
efit to supplementary progesterone in modified natural 
cycle FER, with a large retrospective analysis undertak-
en in 2016 showing no benefit in true natural cycle FER 
[65]. Despite limited evidence of benefit, there does not 
appear to be a detrimental effect of supplementary pro-
gesterone on pregnancy and live-birth rate.

Hormone replacement (medicated) 
frozen–thawed embryo replacement
The process of medicated FER is outlined in Figure 5. 

Medicated FER permits embryo transfer in women with 
infrequent or no ovulation. It involves administration of 
oral and/or subcutaneous estrogen to induce endome-
trial proliferation. The endometrium is monitored via 
ultrasound and once target criteria are achieved (after 
approximately 2  weeks of estrogen), progesterone is 
introduced to encourage endometrial decidualisation. 
Embryo transfer is usually on the fifth or sixth day of 
progesterone for blastocysts [57, 72]. However, optimal 
timing may vary between individuals, with research con-
tinuing to identify histological or genomic tests to deter-
mine the personalised window of implantation [73-78].

There is reasonable evidence that estrogen can be 
continued for several weeks before the introduction of 
progesterone in medicated FER with no adverse effect 
on clinical pregnancy rate [79]. Consequently, medicat-
ed FER offers flexibility over timing of embryo transfer, 
which is convenient for women and when managing 
clinic workflow.

During medicated FER it is imperative that the en-
dometrium is not exposed to endogenous progesterone, 
which could shift the window of implantation. In theory, 
the high dose of exogenous estrogen should prevent 
ovulation. However, some protocols involve pituitary 
downregulation through administration of a GnRH ag-
onist, either subcutaneously or intranasally, for around 
3 weeks before commencing estrogen. The benefit of 
this ‘pituitary suppression’ is unknown, with only a small 
number of RCTs addressing the issue [80-83]. Given 
that GnRH agonists prolong the medicated FER cycle 
and are associated with hypoestrogenic adverse effects, 
an alternative is daily subcutaneous GnRH antagonist 
injections given alongside estrogen to block pituitary 
and ovarian activity directly. The use of GnRH antag-
onist in medicated FER has been insufficiently studied 
and the results of a continuing RCT comparing medi-
cated FER with and without GnRH antagonist are keenly 
awaited (clinicaltrials.gov, NCT03763786).

Ovarian stimulation cycles
Frozen–thawed embryos can also be transferred as 

part of a mild ovarian stimulation cycle. This offers pa-
tients with ovulatory problems an alternative to stand-
ard hormone replacement FER. Traditional ovulation 
induction regimens involve low-dose gonadotrophin 
injections or clomifene. The limited available evidence 
shows equivalent pregnancy rates between gonadotro-
phin FER and both medicated and natural cycle FER 
[84-86]. However, gonadotrophin protocols are compli-
cated, involve intensive monitoring and carry a risk of 
OHSS. Consequently, the use of gonadotrophin for FER 
is uncommon. Similarly, clomifene is not widely used 
in FER, as it may have an anti-estrogen effect on the 
endometrium and has been associated with a thin en-
dometrium with abnormal subendometrial blood flow 
[55, 87, 88].
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There has been recent interest in the aromatase in-
hibitor letrozole, which is used as an ovulation induc-
tion agent in PCOS. Patients taking letrozole have in-
creased endometrial expression of integrin, a marker of 
endometrial receptivity, suggesting that letrozole may 
aid implantation [87-90]. Letrozole FER requires few-
er days of medication than medicated FER and small 
retrospective studies suggest at least equivalent clinical 
pregnancy rates [91-93].

Endometrial thickness in frozen–thawed 
embryo replacement
The minimum endometrial thickness needed before 

FER is controversial, with a cut-off of 7 mm often used 
on the basis of meta-analysis data from fresh IVF cycles 
[94]. However, in an analysis of 768 medicated FER cy-
cles [95],  a higher pregnancy rate was demonstrated 
with an endometrial thickness of 9–14  mm compared 
with 7–8 mm. Others have demonstrated a poor corre-
lation between endometrial thickness and outcome, in-
stead favouring more complex criteria involving endome-
trial pattern [96]. However, these more complex criteria 
can be difficult to translate into routine clinical practice.

A 2018 analysis of more than 18 000 FERs from the 
Canadian ART Registry [97] demonstrated a reduction 
in clinical pregnancy and live-birth rates with each mil-
limetre decrease in endometrial thickness below 7 mm. 
The difference in live-birth rate between women with 
an endometrial thickness of more than 7 mm and those 
with a thickness of 6.0–6.9 mm was 4.6% (odds ratio 
1.29, 95% CI 1.03–1.62). However, it is important to 
balance the decrease in live-birth rate associated with 
thin endometrium against the effect that recurrently 
cancelling cycles may have on the cumulative chance of 
live birth over the long term. While it is prudent to try 
different methods of endometrial preparation in those 
with thin endometrium, in some an endometrial thick-
ness greater than 7 mm will be unachievable.

Calculation of estimated due date
The day of egg collection in fresh IVF is akin to ovu-

lation in the natural cycle, which occurs around 2 weeks 
after the first day of the last menstrual period. Conse-
quently, the theoretical gestational age of a pregnan-
cy at the time of fresh or frozen embryo transfer is 
2 weeks plus the age of the embryo (in other words, 

Figure 4
Hormone replacement (medicated) FER example cycle timeline. The cycle starts on day 2 of the menstrual period. Variation 

exists between clinics, particularly with regard to the use of pituitary suppression, the route of estrogen and progesterone, and 
the criteria used to assess the endometrium on ultrasound. FER = frozen–thawed embryo replacement; GnRH = gonadotro-

phin-releasing hormone; IM = intramuscular; SC = subcutaneous; USS = ultrasound scan.
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2 weeks and 5 days for a blastocyst). The pregnancy test 
is normally undertaken 11 days after blastocyst transfer, 
which is 4 weeks and 2 days of gestation.

Consent for use of cryopreserved embryos
When embryos are owned by two people, having 

been created using their own or donor gametes, UK 
law permits the freezing, storage and transfer of these 
embryos only with the consent of both people (in the 
case of surrogacy consent of the surrogate would also 
be required for transfer) [98]. 

In cases of fertility preservation before fertility-com-
promising treatment, storing of an individual’s gametes 
rather than embryos may be preferable to prevent fu-
ture withdrawal of consent.

CONCLUSION
The number and proportion of FER cycles undertak-

en in the UK and worldwide has increased dramatically 
over recent years. It is important for general obstetri-
cians and gynaecologists to be aware of this trend, as 
well as the process of FER and the potential issues that 
may arise both during the cycle and in any resulting 
pregnancy.

Improved embryo cryopreservation techniques have 
resulted in outcomes for FER that are similar to fresh 
embryo transfer. FER maximises the cumulative live-
birth rate of a fresh in vitro fertilisation (IVF) cycle by 
using excess embryos and encourages a policy of sin-
gle embryo transfer; this has contributed to a fall in 
the multiple pregnancy rate associated with IVF.Freez-
ing all suitable embryos in a fresh cycle reduces the risk 
of ovarian hyperstimulation syndrome.

The endometrium is prepared for FER by a natu-
ral or medicated protocol; the optimum method is un-
known.

ОБЗОР ЗАМОРОЖЕННЫХ–РАЗМОРОЖЕННЫХ 
ЦИКЛОВ В ВСПОМОГАТЕЛЬНОМ ЗАЧАТИИ

Рами Ваким
Центр репродуктивного здоровья "Avenues Life"
Городской университет Манчестера, Манчестер, 
Соединенное Королевство 

Абстракт 
Циклы переноса замороженных эмбрионов (FER) пред-

лагают несколько преимуществ, включая снижение риска 

синдрома гиперстимуляции яичников (OHSS) и продви-
жение практики переноса одного эмбриона, что помогает 
снизить количество многоплодных беременностей, связан-
ных с ЭКО. Улучшенные методы криоконсервации сделали 
результаты беременности после FER сопоставимыми с ре-
зультатами после переноса свежих эмбрионов, что увели-
чивает общий уровень живорождений за один цикл ЭКО. 
Важно, чтобы медицинские работники, занимающиеся во-
просами фертильности, были осведомлены о протоколах 
FER и возможных осложнениях.

ՍԱՌԵՑՎԱԾ-ՀԱԼԵՑՎԱԾ ՑԻԿԼԵՐԻ ՎԵՐԱՆԱՅՈՒՄ՝ 
ՕԳՆՈՒԹՅԱՆ ՀՂԻՈՒԹՅԱՆ ՄԵՋ

Ռամի Վակիմ
«Avenues Life» վերարտադրողական առողջության 
կենտրոն
Մանչեսթերի քաղաքային համալսարան, Մանչեսթեր, 
Միացյալ Թագավորություն

Ամփոփագիր
Սառեցված սաղմերի տեղափոխման (FER) ցիկլերն 

ունեն մի շարք առավելություններ, ներառյալ ձվարանների 
գերխթանման համախտանիշի (OHSS) ռիսկի նվազեցումը 

և մեկ սաղմի տեղափոխման խթանումը, ինչն օգնում 
է նվազեցնել բազմապտուղ հղիությունների քանակը, 
որոնք կապված են արտամարմնային բեղմնավորման 
(IVF) հետ։ Կրիոպահպանման բարելավված եղանակները 
FER-ի հղիության արդյունքները համեմատելի են 
դարձել թարմ սաղմի տեղափոխման հետ, ինչը հնա- 
րավորություն է տալիս առավելագույնի հասցնել ընդ- 
հանուր կենդանի ծնունդների թիվը մեկ IVF ցիկլում։ 
Կարևոր է, որ բեղմնավորման խնամքի մեջ ներգրավված 
առողջապահական մասնագետները տեղյակ լինեն FER-ի 
գործելակարգերից և հնարավոր բարդություններից:
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