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ABSTRACT

Objective: To determine whether elective frozen
embryo transfer (eFET), or the ‘freeze-all’ strategy,
associated with better cumulative clinical outcomes
compared with fresh embryo transfer (ET).

Methods: A total of 7,236 IVF cycles that were followed
by a fresh ET or eFET between 2013 and 2017. The patients
were subjected to controlled ovarian stimulation (COS)
with a gonadotropin-releasing hormone (GnRH) antagonist
protocol and cleavage-stage ET. Embryo cryopreservation
was performed on day 3 by vitrification using an open
system. A comparison of cumulative outcomes between
the eFET (n=4,065cycles) and the fresh ET groups
(n=3,171cycles) were performed. The analysis was
performed in four groups of patients based on the number
of retrieved oocytes: Group 1: poor responders (1-3
oocytes); Group 2: suboptimal responders (4-9 oocytes);
Group 3: normal responders (10-15 oocytes); and Group
4: hyper-responders (>15 oocytes). The primary outcome
was the cumulative live birth rate (CLBR) per stimulated
cycle.

Results: There were a total of 10,283 ETs (n=5,639
eFET group; n=4,644 fresh group). The freeze-all strategy
is associated with improved CLBRs in normal and hyper-
responders, but not in suboptimal and poor responders.
In Group 1, there were 351 IVF cycles and 387 ETs in
total, and the CLBR was 14.3% and 17.7% (p=0.584) for
the eFET and fresh group, respectively. In Group 2, there
were 2,074 IVF cycles and 2,465 ET in total, and the CLBR
was 25.1% and 23.3% (p=0.083) in the eFET and fresh
group, respectively. There was a significant difference in
the CLBR in Groups 3 and 4, favouring the eFET strategy.
In Group 3, 2226 IVF cycles and 3243 ET were performed.
The CLBR was 40.5% in the eFET and 36.6% in the fresh
group (p<0.001). In Group 4, there were 2547 IVF cycles
and 3,188 ET in total, and the CLBR was 52.2% and 47.7%
(p<0.001) in the eFET and fresh group, respectively. The
number needed to treat to achieve one additional live birth
was 25.9 in Group 3 and 22.3 in Group 4.

Conclusions: The implementation of the freeze-all
strategy should be individualized. The freeze-all strategy
is associated with improved CLBRs in normal and hyper-
responders, but not in suboptimal and poor responders.

Keywords: freeze-all, elective frozen-thawed embryo
transfer, fresh embryo transfer, cumulative live birth rate,
cryopreservation

INTRODUCTION

Despite the substantial advancements in in vitro fertil-
ization (IVF), experts in the field continue to search for the
most effective protocols for maximizing patient outcomes.

One of the most important advances in assisted reproduc-
tive technology (ART) in recent years is associated with
improvements in cryopreservation techniques, which have
fundamentally transformed the way we perform IVF. The
advent and improvement in vitrification protocols has led
to high rates of embryo survival after the thawing process,
and at least the same clinical results for frozen-thawed
embryo transfer (FET) as for fresh embryo transfer (ET)
(Nagy et al., 2020). This advance in cryopreservation pro-
tocols is associated with improvements in the cumulative
live birth rate (CLBR) per cycle, and also the implemen-
tation of a so-called freeze-all strategy during an IVF cy-
cle. With this strategy, fresh ET is not performed, and all
viable embryos are electively cryopreserved (Shapiro et
al., 2014; Roque et al., 2018a). These improvements have
changed daily IVF practice, as can be observed by evaluat-
ing the number of IVF cycles performed for freeze-all em-
bryos and/or oocytes in United Stated. Over just ten years
(from 2007 to 2016), there was a 33-fold increase in the
number of freeze-all cycles, from 2,020 freeze-all cycles
performed in 2007 to 65,840 performed in 2016 (Nagy
et al., 2020). However, it is still not unequivocal for which
patients this strategy should be implemented (Roque & Es-
teves, 2020).

Fresh ET, in which the best morphological-quality em-
bryo(s) is/are transferred in a stimulated cycle and all sur-
plus viable embryos with adequate quality are frozen for
the future use, is a routine practice in IVF cycles. However,
according to this strategy, the risk of ovarian hyperstim-
ulation syndrome (OHSS) increases with the increase in
ovarian response to controlled ovarian stimulation (COS)
(Steward et al., 2014). In addition, there is evidence of an
association between COS and adverse effects on the en-
dometrium, and subsequently on endometrial receptivity.
The supra-physiologic hormonal levels that occur during a
COS may be associated with modifications in the peri-im-
plantation endometrium that may be related to a decrease
in pregnancy rates in fresh ET compared with FET. These
modifications are related to an endometrial advancement
that can be observed during histological evaluation during
a fresh cycle, and when this advancement occurs over 3
days, no pregnancies are achieved (Ubaldi et al., 1997;
Kolibianakis et al., 2002). There are also changes in gene
expression profiles in the endometrium of patients sub-
jected to COS, suggesting that ovarian hyperstimulation
and high progesterone levels on the day of final oocyte
maturation may be detrimental to implantation by altering
gene expression crucial for endometrium-embryo interac-
tion (Horcajadas et al., 2005; Labarta et al., 2011).

The freeze-all strategy has been suggested as a suit-
able alternative to fresh transfer in order to reduce OHSS
and overcome negative effects on the endometrium during
COS, and to enhance the clinical outcome of the IVF cy-
cles (Roque et al., 2017a; Blockeel et al., 2016). Howev-
er, eFET requires a lab with specific expertise in freezing
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protocols, and may be associated with an increase in the
laboratory workflow, cost of treatment, and also with a
delay in achieving the pregnancy (Blockeel et al., 2019).
Importantly, the evidence of benefit from a freeze-all pol-
icy for patients is not unequivocal (Roque et al., 2018a;
Wong et al., 2017; Li et al., 2019). It is uncertain for which
group of patients this strategy is most beneficial. Different
results from different studies have been reported. Better
results for high responders using elective frozen embryo
transfer (eFET) have been reported by some authors (Chen
et al., 2016; Shapiro et al., 2011a) but not by others (Li
et al., 2019). Similarly, some authors have found that this
strategy may be associated with better IVF outcomes in
normal responders (Roque et al., 2017b; Shapiro et al.,
2011b), whereas others did not (Shi et al., 2018; Vuong et
al., 2018). Reports for poor responders have been scarce
(Roque et al., 2018a). Interestingly, most studies com-
pared the fresh to the freeze-all strategy only in the first
ET, and did not evaluate the strategy in different groups of
patients based on ovarian response during COS.

In this study, we aim to evaluate whether the freeze-all
strategy is associated with better cumulative clinical out-
comes per cycle than with fresh ET in subgroups of pa-
tients from poor to high ovarian response, and to identify
which subgroups may benefit from this strategy.

MATERIALS AND METHODS

A retrospective cohort study was conducted between
January 2013 and December 2017 in the IVF unit of Tu Du
hospital, Vietham. The study was approved by an institu-
tional review board.

Patient selection

The patients enrolled in this study fulfilled the following
inclusion criteria: 1) cleavage-stage ET (day 3); 2) gonad-
otropin-releasing hormone (GnRH) antagonist protocols;
3) female subjects aged 18 to 45 years old. The exclusion
criteria were as follows: 1) oocyte donor cycles; 2) cycles
with fresh ET after a GnRH agonist trigger; 3) surroga-
cy treatments; 4) previous recurrent miscarriage; 5) im-
plantation failure (=3 previous ETs without pregnancy); 6)
severe male factor infertility (oligospermia <1 million/mL
and azoospermia); 7) uterine pathology; 8) those on cy-
cles with preimplantation genetic testing (PGT); 9) in vitro
maturation (IVM) cycles.

Treatment protocol

COS was performed with either recombinant folli-
cle-stimulating hormone (rFSH) or highly purified human
menopausal gonadotropin (hp-hMG), with a starting dose
ranging from 100 IU to 450 IU per day based on the pa-
tient’'s age and ovarian reserve tests. The gonadotropin
dose was adjusted based on the ovarian response and
hormonal parameters. A fixed GnRH antagonist protocol
was used starting on day 5 of the stimulation cycle. Cy-
cle monitoring was performed through transvaginal ultra-
sound scans and hormonal measurements (estradiol, LH
and progesterone). Final oocyte maturation was triggered
with human chorionic gonadotropin (hCG) when at least
three follicles of 18 mm diameter were observed, or trip-
torelin if there were more than 20 follicles over 11 mm on
the trigger day.

Oocyte retrieval was performed under transvaginal ul-
tra-sound guidance after 36-38 hours of the trigger, fol-
lowed by intracytoplasmic sperm injection (ICSI). The
fertilized oocytes were then cultured up to day 3 after
oocyte pick up. The embryos were graded according to
their cell number, blastomere regularity, and fragmenta-
tion degree (Alpha Scientists in Reproductive Medicine and
ESHRE Special Interest Group of Embryology, 2011), and
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the ET was performed (fresh group) and surplus embryos
were cryopreserved when available. For fresh ET, the lu-
teal phase support started on the day of oocyte retrieval
with 600 mg vaginal micronized progesterone daily, until
the 9" week of pregnancy, when pregnancy occurred. The
freeze-all group had all viable embryos cryopreserved on
the 3 day of embryo development, and the strategy was
implemented when: 1. serum progesterone was >1.5 ng/
mL on the trigger day; 2. endometrial thickness <7 mm
on the trigger day; 3. more than 20 oocytes retrieved; 4.
based on patient’s request.

Cryopreservation/thawing and endometrial
preparation

In case of freeze-all and for the surplus embryos in the
fresh group, the embryos were vitrified on day 3 using an
open system as previously described (Kuwayama et al.,
2005). First, the embryos were exposed to the equilibri-
um solution. Then, they were exposed to the vitrification
solution for 30 s. Afterwards, the embryos were placed on
top of the strip with a very small amount of vitrification
solution, and the strips were then immersed into liquid ni-
trogen. Sheaths were put on to cover the strips with vitri-
fied embryos, and the embryos were kept in liquid nitrogen
tanks.

When thawing, the strips were immersed into thawing
solution at 37°C for 60s immediately after being removed
from the plastic sheaths. Afterward, the thawed embryos
were put into a dilution solution for 3 min at room tem-
perature, and a buffer solution was then used to wash the
embryos twice for 10 min in total. After being thawed, the
embryos were assessed according to morphological crite-
rion, and they were considered viable if more than 50% of
the cells were intact.

An FET cycle was started with endometrial priming on
the second day of the menstrual cycle using 6 to 8 mg/day
of estradiol valerate orally. Estradiol priming was used for
about 14 to 20 days, and an ultrasound was performed to
evaluate the endometrium thickness. If the endometrium
thickness was =7mm, the FET was scheduled, and vagi-
nal micronized progesterone was started 3 days prior to
the ET. Progesterone was used until 9 weeks of pregnancy,
while estradiol valerate was used until a foetal heartbeat
was confirmed.

Outcomes and subgroups of patients evaluated

The main outcome was the CLBR per oocyte retrieval,
defined as the number of deliveries with at least one live
birth resulting from one aspirated ART cycle, including all
cycles in which fresh and/or frozen embryos were trans-
ferred, until one delivery with a live birth occurred or until
all embryos were used, whichever occurred first (24), fol-
lowing a fresh or eFET strategy. The complete expulsion or
extraction from a woman of a product of fertilization, after
22 completed weeks of gestational age (ICMART).

The secondary outcomes were pregnancy rate, clinical
pregnancy rate, implantation rate, miscarriage rate, and
OHSS. Pregnancy was determined by hCG levels measured
11 days after ET. Clinical pregnancy was defined by obser-
vation of intrauterine embryo heart motion by 7 weeks of
gestation. Ongoing pregnancy was defined as pregnancy
proceeding beyond the 12% week of gestation. Miscarriage
was defined as a spontaneous loss of a clinical pregnancy
before 22 completed weeks of gestational age. The implan-
tation rate was calculated as the ratio of the number of
observed embryo heartbeats to the number of transferred
embryos. OHSS is known as “an exaggerated systemic
response to ovarian stimulation characterized by a wide
spectrum of clinical and laboratory manifestations. It may
be classified as mild, moderate, or severe according to the
degree of abdominal distention, ovarian enlargement, and
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respiratory, hemodynamic, and metabolic complications”
(Zegers-Hochschild et al., 2017).

Cycles were classified according to strategy (fresh or
freeze-all), and stratified into four groups by the number
of oocytes retrieved, namely poor ovarian response (1-3
oocytes retrieved), suboptimal ovarian response (4-9),
normal ovarian response (10-15 oocytes retrieved), and
hyper ovarian response (>15 oocytes retrieved) (Polyzos
& Sunkara, 2015; Drakopoulos et al., 2016).

Statistical analysis

The continuous data are presented as mean valuex-
standard deviation (SD), or median with interquartile
range (IQR). The categorical data are described with fre-
quency and percentage. The quantitative variables were
analysed with the Student’s t or Wilcoxon rank sum test
as appropriate. For the comparison of categorical data, the
Chi-squared test or Fisher’s exact test was performed. Dif-
ferences were considered significant when p<0.05.

Multivariable logistic regression was performed to con-
trol for potential confounders, including age, indications
for IVF, endometrial thickness on trigger day, number of
previous IVF attempts, duration of infertility, number of
high-scoring embryos, average number of transferred em-
bryos, number of embryos frozen, number of retrieved
oocytes, duration of ovarian stimulation, and total dose
of gonadotropin. The adjusted odds ratios (aOR) of CLBR
with 95% CI between fresh and freeze-all strategies were
reported for each group of oocytes retrieved. Statistical
analyses were performed using R software version 3.6.1.

RESULTS

A total of 7,236 ICSI cycles and 10,283 ETs were in-
cluded in the study, of which 5,639 followed freeze-all
strategy and 4,644 followed the fresh strategy (Table 1).
The baseline and clinical characteristics of patients are
shown in Table 2, categorized by group for number of oo-
cytes retrieved. Within groups 1 to 3, no significant dif-
ference were found between freeze-all and fresh patients
regarding type of infertility, the number of previous IVF at-
tempts, indications for IVF, and fertilization rate. In Group
4, there was no statistically significant difference between
freeze-all and fresh patients when age, duration of infertil-
ity, number of previous IVF attempts, duration of ovarian
stimulation, and cleavage rate were evaluated.

Table 3 presents the IVF outcomes for each group. An
analysis of live birth rate (LBR) in the first ET of fresh and
freeze-all cycles showed no significant difference in Group
1 (p=0.983). Interestingly, the freeze-all outperformed the
fresh strategy in all other groups (p=0.004 in Group 2,
p<0.001 in Group 3 and Group 4). Except for patients with
1-3 oocytes retrieved, the first cycle LBR for the freeze-all
was always higher than the fresh policy.

Multivariable logistic regression was performed to con-
trol for potential confounders when the impact of fresh and

freeze-all policies on CLBR was analysed. The details of
the coefficients, the aOR with a 95% confidence interval
(95% CI), and the p-values of all variables can be found
in Supplementary Table 1. There was no difference be-
tween freeze-all and fresh patients in Group 1 (aOR = 1.3
(0.51-3.35), p=0.584) and Group 2 (aOR = 1.25 (0.97-
1.62), p=0.083). In Group 3, a significant difference was
found for aOR = 1.58 (1.26-1.98), favouring the freeze-all
strategy (p<0.001). Similarly, the freeze-all strategy was
shown to substantially improve CLBR for patients in Group
4, with an aOR = 1.67 (1.31-2.12), p<0.001 (Figure 1).

We also performed a subgroup analysis, dividing the
patients in the subgroups of 3 oocytes retrieved, in an at-
tempt to find to most adequate number of retrieved oocytes
above which implementing the freeze-all strategy would be
of benefit. In this subgroup analyses (Supplemental Figure
1), the CLBR of the freeze-all and fresh groups were rel-
atively equivalent and followed a similar trend from 1-3
oocytes to 10-12 oocytes. The CLBR of fresh patients was
significantly lower than that of the freeze-all patients when
the number of oocytes retrieved was 13 oocytes and above
(Supplemental data).

DISCUSSION

To our knowledge, this is the largest single centre
study comparing the cumulative clinical outcomes of the
fresh and freeze-all strategies based on patient’s ovarian
response to COS. The results of this study suggest that
implementation of the freeze-all strategy, concerning clin-
ical outcomes, might be individualized based on ovarian
response, as not all groups of patients present improved
CLBR per cycle with the freeze-all strategy compared with
fresh ET. With the improvements in cryopreservation pro-
tocols, eFET has changed the way we currently perform
IVF treatments, and the freeze-all strategy has being ad-
opted worldwide indiscriminately, aiming to improve IVF
outcomes (Nagy et al., 2020). Yet, despite the significant
universal shift towards eFET, it is unclear if its generalized
use may benefit the overall population subjected to IVF
treatments (Roque et al., 2018a; 2019a;b).

The first randomized clinical trials (RCT) focusing on
clinical outcomes dates from 2011, when Shapiro et al.
compared the clinical outcomes of the freeze-all cycle to
fresh ET in hyper (Shapiro et al., 2011a) and normal re-
sponders (Shapiro et al., 2011b), and found improvements
in clinical and ongoing pregnancy rates when performing a
freeze-all cycle instead of a fresh ET. Roque et al. (2013)
published a meta-analysis evaluating the freeze-all strate-
gy, and concluded that the freeze-all was associated with
improved ongoing pregnancy rates (Relative Risk [RR] =
1.32; 95%CI 1.10-1.59; p=0.003) when compared with
fresh cycles. However, this conclusion was based on only
three RCTs evaluating a total of 633 IVF cycles. Moreover,
after the publication of this meta-analysis, one of the stud-
ies was retracted from the literature due to methodological

Table 1. Numbers of cycles and numbers of embryo transfers.

Number of oocytes retrieved Number of IVF/ICSI cycles Number of embryos transferred
Fresh Freeze-all Fresh Freeze-all
1-3 (Group 1) 232 119 265 122
4-9 (Group 2) 1086 988 1316 1149
10-15 (Group 3) 1090 1174 1662 1581
>15 (Group 4) 763 1784 1401 2787
Total 3171 4065 4644 5639
7236 10283
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* Fisher's exact test

flaws, and after the removal of this study, there were no
differences in ongoing pregnancy rates when comparing
freeze-all with fresh cycles (RR = 1.26; 95%CI 1.00-1.58;
p=0.05) (Roque et al., 2017b). However, with the pub-
lication of other studies, it became clear that the use of
the freeze-all strategy for unselected groups of patients
undergoing IVF treatment presented no additional benefits
over fresh ET (Roque & Esteves, 2020). Recent RCTs have
reported mixed results in terms of reproductive outcomes
when comparing fresh ET with freeze-all in specific popu-
lations, such as patients with polycystic ovarian syndrome
(PCOS) (Chen et al., 2016), in normo-ovulatory women
with cleavage stage ET (Shi et al.,, 2018) and blastocyst
ET (Wei et al., 2019), in women without PCOS (Vuong et
al., 2018), and in patients undergoing preimplantation ge-
netic testing for aneuploidy (PGT-A) (Coates et al., 2017).
There are no RCTs available using poor responder patients.
Although observational studies have not demonstrated a
benefit in terms of ongoing pregnancy with the freeze-
all cycle in this specific population (Roque et al., 2018a),
there is a rationale for using this strategy with these poor
prognosis patients concerning embryo pooling strategies
to improve the number of available embryos and improve
clinical outcomes (Blockeel et al., 2019).

The most comprehensive meta-analysis comparing
freeze-all cycles to fresh ET, which included 5,379 from
RCTs, found an overall 7% increase in LBR with the eFET
strategy. However, the CLBRs were similar when both
strategies in the overall population were compared. A sub-
group analysis indicated that eFET was advantageous for
hyper-responders, but not for normal responders (Roque
et al., 2019a;b). In general, the studies evaluating normal
responders included patients with a range of 4-15 oocytes
retrieved. However, recent studies have shown that this
range is not the most appropriate for classifying a nor-
mal responder, as the CLBR may vary significantly within
this range of retrieved oocytes. Thus, it is more plausible
to classify the ovarian response as poor (1-3 oocytes),
suboptimal (4-9 oocytes), normal (10-15 oocytes), and
high responders (>15 oocytes) (Polyzos & Sunkara, 2015).
This classification is thought to provide a better prediction
of CLBR, consequently supplying the best tailored treat-
ment for IVF patients. Our study is the first to compare
the freeze-all strategy to fresh ET into the aforementioned
subgroups. Evaluating the freeze-all strategy in all of these
subgroups from poor to hyper-responders is important, as
all the RCTs available for evaluating the LBR following the
freeze-all strategy were performed in normal and high re-
sponders with a minimum mean number of retrieved oo-
cytes of 12 (Chen et al., 2016; Shapiro et al., 2011a;b; Shi
etal., 2018; Vuong et al., 2018; Wei et al., 2019; Coates et
al., 2017; Ferraretti et al., 1999; Aghahosseini et al., 2017;
Aflatoonian et al., 2018).

In the present study, improved clinical outcomes were
observed when evaluating the first ET and the CLBR for
freeze-all cycles, not only in hyper-responders (>15 oo-
cytes retrieved) but also in normal responders (10-15
oocytes retrieved). There was no benefit for performing
the freeze-all strategy in suboptimal and poor responders.
These findings are in accordance with most of the recent
data (Roque et al., 2018a; Li et al., 2019; Bosdou et al.,
2019; Acharya et al., 2018), as although there are many
potential advantages to performing a freeze-all cycle over
a fresh ET, it is not designed for all IVF patients (Roque et
al., 2018b; 2019a;b). Our findings are also in accordance
with studies that correlate COS with endometrium histo-
logical advancement (Ubaldi et al., 1997; Kolibianakis et
al., 2002). The supra-physiologic hormonal levels that oc-
cur during a COS may be associated with modifications in
the peri-implantation endometrium, which may be related
to a decrease in pregnancy rates in fresh ET compared with
FET. These modifications are related to an endometrial ad-
vancement that can be observed during a histological eval-
uation during a fresh cycle, and when this advancement
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Figure 1. Cumulative live birth rate (CLBR) and adjusted odds ratios in groups of ovarian response of fresh

and freeze-all strategy.

occurs over 3 days, no pregnancies are achieved (Ubaldi et
al., 1997; Kolibianakis et al., 2002). However, these data
cannot be extrapolated to all patients subjected to COS,
as the mean number of retrieved oocytes in these studies
was >15, and the patients presenting no pregnancy when
the endometrial advancement occurred over 3 days were
those with supra-physiologic progesterone levels (p>1.1
ng/ml) on the trigger day (Ubaldi et al., 1997; Kolibi-
anakis et al., 2002). In addition, the studies that identified
changes in gene expression profiles in the endometrium
of patients subjected to COS that suggested ovarian hy-
perstimulation and high progesterone levels on the day of
final oocyte maturation might be detrimental to implanta-
tion due to altered genes that are crucial for endometri-
um-embryo interaction were performed in oocyte donors
who achieved a hyper-response to the treatment and also
presented high estradiol levels (Horcajadas et al., 2005;
Labarta et al., 2011). Thus, the aforementioned are related
to altered endometrial patterns after COS in patients pre-
senting a hyper-response, and are not evidence that the
COS may impact the embryo-endometrium interaction in
patients with poor or suboptimal response.

One of the strong points of our study is that the prima-
ry outcome was CLBR, which provides more meaningful in-
formation and a better understanding of the real efficacy of
an IVF treatment. After adjusting for potential confound-
ers, the CLBRs of the two methods were higher in groups
3 and 4 but comparable in groups 1 and 2. The increase
in serum estradiol and progesterone levels on the trigger
day in groups 3 and 4 might have resulted in a less recep-
tive endometrium in fresh transfer. Our finding are not in
agreement with Li et al. (2019) who recently compared the
CLBR of the fresh and the freeze-all strategies in different
subgroups of patients. They found that the freeze-all strat-
egy resulted in a CLBR similar to fresh transfer among high

responders (>15 oocytes retrieved), and was associated
with a reduced likelihood of a live birth in suboptimal (1-9
oocytes) and normal (10-15 oocytes) responders. Howev-
er, this study was a population-based retrospective cohort
study with little information available on clinic protocols for
the freeze-all policy, including intention-to-treat, embryo
quality, and cryopreservation technique. Moreover, they
only evaluated three subgroups of patients with different
ranges of oocytes in each subgroup (Li et al., 2019), unlike
the subgroups used in the present study.

A major limitation of our study is its retrospective de-
sign, which may be a subject of bias. In Group 4 (>15
oocytes) the ovarian reserve parameters, i.e. AMH and
AFC, and the number of retrieved oocytes were significant-
ly higher in the freeze-all group. This can be explained by
the fact that we only included in the study patients who
performed fresh ET after an hCG trigger, to avoid poten-
tial bias in the results for fresh cycles after an GnRH ag-
onist trigger and fresh ET. Thus, the patients with higher
ovarian response were triggered with a GnRH agonist to
decrease the risk of OHSS when performing the freeze-
all strategy. Moreover, a multivariable logistic regression
was performed to control potential confounders, such as
the ovarian reserve parameters and ovarian response to
treatment, when evaluating the primary outcome (CLBR),
adjusting the outcomes for these potential confounders.
In the present study, we were not able to evaluate the
cost-effectiveness of the freeze-all strategy. Observational
studies have shown that the freeze-all strategy may be
cost-effective when compared with fresh ET (Roque et al.,
2015; Papaleo et al., 2017). However, more robust data is
needed to establish the cost-effectiveness of the strategy.

In conclusion, the implementation of the freeze-all
strategy should be individualized, as although there are
many potential advantages to performing a freeze-all cycle
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over a fresh ET, it is not ideal for all IVF patients. Based on
the present data, it seems reasonable to implement this
strategy to improve the CLBR per cycle in patients present-
ing a hyper or a normal response to COS. Indiscriminate
use of the freeze-all strategy may be associated with in-
creased costs, laboratory workflow, and time to live birth.
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