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but superior at the blastocyst stage
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Objective: To determine whether the freeze-all policy ensures a higher efficacy in terms of cumulative live birth rate (CLBR) in
comparison with a conventional fresh/frozen embryo transfer (ET) approach in patients with normal ovarian response.
Design: Retrospective, matched, multicenter cohort study.
Setting: Private IVF centers.
Patient(s): This study analyzed 564 completed IVF cycles in which an average of 12–18 oocytes were retrieved. In 435 cycles the con-
ventional strategy was applied, with initial ET followed by frozen embryo replacements, whereas in 129 cycles the freeze-all policy was
performed, with elective cryopreservation and deferred use of all viable embryos.
Intervention(s): None.
Main Outcome Measure(s): The primary endpoint was CLBR. The secondary endpoint was cumulative clinical pregnancy rate.
Result(s): Overall, statistically comparable CLBRs were achieved in the fresh/frozen and freeze-all groups (45.5% vs. 53.5%). Stratification
of data for age and number of retrieved oocytes confirmed the absence of differences between the two groups. In a subanalysis in which the
dayofETand cryopreservationwere taken into account, a similar outcomewas achieved in cleavage-stagegroups (45.6%vs. 46.4%),whereas
when ET was performed at the blastocyst stage the CLBR was significantly higher in the freeze-all group (45.3% vs. 66.7%).
Conclusion(s): Our CLBR analysis indicates that clinical performance of the freeze-all policy is equivalent to that of the conventional
strategy when ET is carried out at the cleavage stage. However, it seems to be superior if associated with cryopreservation and transfer at
the blastocyst stage. (Fertil Steril� 2018;110:703–9. �2018 by American Society for Reproductive Medicine.)
El resumen está disponible en Español al final del artículo.
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I n vitro fertilization has resulted in
the births of more than 5 million in-
fants worldwide from 1978 (1). Over

the years there have been considerable
advances in therapies and in laboratory
techniques of reproductive medicine
that have allowed the individualization
of IVF cycles with the aim to maximize
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results and decrease treatment risks and
costs (2).

Treatment with IVF involves a
number of consecutive steps. Conven-
tionally the IVF cycle starts with
controlled ovarian hyperstimulation
(COH) and ends with the transfer at
the cleavage or blastocyst stage of the
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best available embryo(s); all surplus
embryos of adequate quality are cryo-
preserved and stored for later use
when no pregnancy has been achieved
or when couples wish to achieve a sec-
ond pregnancy (3). In certain circum-
stances a fresh transfer cannot be
performed, and the entire cohort of
viable embryos is cryopreserved. There
are different indications for this policy,
referred to as ‘‘freeze-all’’: decrease in
the risk of ovarian hyperstimulation
syndrome (OHSS); postponement of
transfer to obtain a more receptive
uterine environment in a subsequent
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cycle; fertility preservation; prevention of the effects of pre-
mature P elevation; and co-ordination with the treatment op-
tions requiring results of genetic tests (4–9).

It is well recognized that cryopreservation is an essential
aspect of assisted reproductive technology because it allows
increase of the safety and efficacy of IVF treatments (10).
The systematic application of cryopreservation is inspired
by new indications, such as cycle segmentation (11), oocyte
banking (12, 13), and preimplantation genetic testing at the
blastocyst stage (14). Cryopreservation techniques also offer
the opportunity to improve cumulative results per treatment
cycle in terms of pregnancy and live birth rate (LBR),
because COH leads to the development and maturation of
many follicles and oocytes and consequently the generation
of supernumerary embryos.

It is also known, however, that ovarian stimulation is
associated with supraphysiologic steroid hormone levels,
which are the cause of modifications in the preimplanta-
tion endometrium (15, 16), biochemical and morphologic
endometrial alterations, and advancement of endometrial
receptivity (17, 18). These modifications might affect the
success of fresh ET, because embryo implantation
depends on embryo quality, endometrial receptivity, and
embryo–endometrium interactions (19). Consistent with
this view, to date, some authors described comparable or
better pregnancy rates in frozen–thawed ET compared
with fresh ET (5, 6, 20, 21).

Therefore, the main purpose of this study was to analyze
the cumulative success rate of the conventional strategy in
comparison with elective cryopreservation of all viable em-
bryos. Data were obtained from a large data set and analyzed
in relation to number of oocytes retrieved, because there is a
strong correlation between the number of oocytes retrieved
and cumulative LBR (CLBR) (22), female age, and day of ET
to define the optimal approach for different subclasses of pa-
tients. Crucially, data were analyzed also taking into account
the stage of ET and cryopreservation.
MATERIALS AND METHODS
We performed a retrospective matched cohort study. Patients
underwent IVF cycles between 2012 and 2016, involving five
fertility centres in Italy.
TABLE 1

Diagnosis of infertility of fresh and freeze-all groups.

Diagnosis All cycles (%) (n [ 564) Fresh cycl

Uterine 0.7
Idiopathic 23.4
Endometriosis 3.9
Tubal 13.3
Male factor 35.8
Diminished ovarian reserve 0.4
Genetic 2.0
Multiple (female) 2.3
Multiple (male and female) 12.9
Endocrine/anovulatory 5.3
Zac�a. Cumulative births in freeze-all cycles. Fertil Steril 2018.
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We included cycles in which fresh ET were performed
(fresh cycles) and cycles in which all embryos were frozen,
followed by a later transfer (freeze-all). We included women
aged 22–40 years from whom between 12 and 18 oocytes
were recovered, because they are patients with better prog-
nosis, in whom embryo cryopreservation is a realistic chance.
Only patients who transferred all the viable embryos available
and/or achieved a live birth were included. This choice was
motivated by the aim to evaluate the CLBR as the primary
outcome.

We did not include cancelled cycles, poor-responder pa-
tients, and cycles in which preimplantation genetic screening
or preimplantation genetic diagnosis was applied. Five hun-
dred sixty-four completed cycles (129 freeze-all and 435 fresh
cycles) were suitable for matching and analysis. Characteris-
tics of cycles are showed in Table 1.
Study Protocol

Controlled ovarian hyperstimulation was performed with
either recombinant FSH (Gonal-F, Merck Serono) or hMG
(Meropur, Ferring), with starting dose ranging from 100 IU
to 450 IU per day, according to hormonal and anthropometric
parameters. Ovarian stimulation protocol and blastocyst
grading procedures were carried out as previously described
(23). The gonadotropin dose was adjusted according to the in-
dividual follicular response, and GnRH analogues were used
to avoid the LH spontaneous surge.

Oocytes were retrieved transvaginally 35 to 36 hours after
hCG (Gonasi, IBSA) administration and fertilized using either
conventional IVF or intracytoplasmic sperm injection (ICSI).
Four to five hours after oocyte pickup, conventional IVF
was carried out using a final motile sperm concentration of
200,000–300,000/mL. As for ICSI cases (24), cumulus cells
were removed from companion oocytes (25). The embryos ob-
tained were then cultured up to cleavage or blastocyst stage.
Grading of embryo quality at cleavage stage was expressed,
evaluating and scoring details of their appearance according
to cell number, blastomere regularity, and degree of fragmen-
tation. Blastocysts were evaluated according to the degree of
expansion and quality of the inner cell mass and trophecto-
derm cell, as previously described by us (26).

The number of transferred embryos was decided accord-
ing to patient needs and national guidelines. Surplus oocytes
es (%) (n [ 435) Freeze-all cycles (%) (n [ 129) P value

0.9 0 .27
23.2 24.0 .84
3.9 3.9 .98

14.3 10.1 .22
37.2 31.0 .87
0.2 0.8 .36
1.6 3.1 .28
2.3 2.3 .98

12.0 16.3 .19
4.4 8.5 .06
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or embryos were cryopreserved with two different protocols,
as previously described (27, 28).

For fresh cycles, luteal support was initiated after
retrieval; for freeze-all cycles, embryos were cryopreserved
at the cleavage or blastocyst stage according to the estab-
lished practice protocols at each clinic. In a subsequent cycle,
patients underwent frozen embryo transfer (FET) in either a
natural or supplemented cycle. In supplemented cycle FET, es-
trogen (Climara, Bayer) and vaginal P (Crinone, Merck Se-
rono) were administered in a sequential regimen that aims
to mimic the endocrine exposure of the endometrium in the
physiologic cycle (29). In natural cycles, ET was performed
4–7 seven days after LH surge, in relation to the stage of cryo-
preservation (cleavage or blastocyst). In supplemented cycles,
P was started 2–5 days before ET, according to the cryopres-
ervation stage.

Indications for freeze-all cycles included inadequate
endometrial thickness, presence of endometrial polyps, pa-
tient preference, and OHSS risk.
Outcomes

We compared the clinical outcomes of the two strategies in
terms of clinical pregnancy, defined as fetal heartbeat visual-
ization at ultrasound by 7 weeks’ gestation, and live birth,
which was the study endpoint.
Statistical Analysis

Cycles were first classified according to policy (fresh cycle or
freeze-all) and then stratified according to the number oo-
cytes retrieved (12–15 oocytes and 16–18 oocytes), age
groups (%35 years old andR36 years old), and day of trans-
fer (cleavage stage and blastocyst stage).

Data were presented as a percentage or as the mean� SD.
The quantitative variables were compared with Student's t test
TABLE 2

Baseline characteristics and overall outcomes of the entire cohort and th

Variable
All cycles
(n [ 564)

Patient age (y), mean � SD 34.6 � 3.9
Gonadotropin dose (IU), mean � SD 1,584.9 � 744
No. of retrieved oocytes, mean � SD 14.6 � 1.7
No. of injected oocytes, mean � SD 10.3 � 2.9
No. of fertilized oocytes, mean � SD 7.1 � 2.6
No. of motile spermatozoa after treatment (�106),

mean � SD
7.8 � 13.9

Conventional IVF, n (%) 208 (36.9)
ICSI, n (%) 356 (63.1)
No. of viable embryos (mean � SD) 2,293
No. of cryopreserved embryos (mean � SD) 1,524 (2.7 � 2
No. of transferred embryos, mean � SD 1.8 � 1.0
No. of embryo transfers, n (%)

Cleavage stage 358
Blastocyst stage 206

No. of live births at first embryo transfer (%)
No. of cumulative pregnancies (%) 329 (58.3)
No. of miscarriages (%) 61 (18.5)
No. of cumulative live births (%) 267 (47.3)
Zac�a. Cumulative births in freeze-all cycles. Fertil Steril 2018.
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for independent samples, whereas c2 analysis was performed
for the comparison of categorical data. Differences were
considered significant if P< .05.

Owing to its retrospective nature and absence of a priori
intervention, the present study did not require the approval
of an external review board.
RESULTS
During the study period, 564 patients fulfilled the inclusion
criteria and were analyzed. The two groups had similar base-
line characteristics in terms of diagnosis of infertility
(Table 1), age, gonadotropin dose, number of retrieved oo-
cytes, and number of motile sperm after treatment (Table 2).
The average age for both the fresh cohort and freeze-all was
34.6 years.

Outcome parameters of comparison, with the exception
of the mean number of viable embryos, were not statistically
different between the two groups.

In the whole cohort, the overall cumulative clinical preg-
nancy rate (CCPR) was 58.8%, miscarriage rate was 18.5%,
and CLBR was 47.3% (Table 2). No difference was found in
LBR between the two policies by comparing the first ET of
each cycle in which the best available embryos, either fresh
or cryopreserved, were used (34.7% vs. 30.2%, fresh/frozen
and freeze-all, respectively; P¼ .34). By breaking down the
fresh cycles group according to E2 peak levels (%2,000 or
>2,000 pmol/L) no significant differences were observed in
LBR (34.3% and 35.2%, respectively). Likewise, no differences
were observed in cycles with E2 peak levels above 3,000 pmol/
L (data not shown). In FETs, LBR was comparable between
natural and supplemented cycles (33.3% vs. 29.9%, respec-
tively; P>.5). Such LBR outcomes were also similar to the
LBR of fresh embryo transfers (P>.05). The CCPR and
CLBR were also comparable between the fresh/frozen and
e fresh cycle and freeze-all groups.

Fresh cycles
(n [ 435)

Freeze-all cycles
(n [ 129) P value

34.6 � 3.6 34.6 � 3.9 1
.2 1,606.7 � 754.9 1,511.6 � 704.8 .20

14.5 � 1.7 14.8 � 1.9 .09
10.3 � 2.9 10.5 � 3.1 .50
7.0 � 2.6 7.4 � 2.7 .13
7.7 � 13.7 8.1 � 14.7 .77

169 (38.9) 39 (30.2) .07
266 (61.1) 90 (69.8) .07

1,709 (3.9 � 2.1) 584 (4.5 � 2.2) < .01
.2) 940 (2.2 � 2.0) 584 (4.5 � 2.2)

1.7 � 0.9 1.9 � 1.1 .04

274 (63.0) 84 (65.1) .65
161 (37.0) 45 (34.9) .66
151 (34.7) 39 (30.2) .34
246 (56.6) 83 (64.3) .12
47 (19.9) 14 (16.9) .63

198 (45.5) 69 (53.5) .11
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freeze-all group (56.6% vs. 64.3% [P¼ .12] and 45.5% vs.
53.5% [P¼ .11], respectively) (Table 2).

After a general comparative analysis of the two groups,
we assessed the same data set discriminating by age and num-
ber of oocytes retrieved, these parameters being major predic-
tors of pregnancy after IVF. Similarly, data were analyzed
according to the day of transfer.

In a stratified analysis by age, cumulative success rates
were comparable between the fresh/frozen and the freeze-
all groups (CCPR 59.5% vs. 67.2%, CLBR 48.7% vs. 57.1%
in patients aged %35 years; CCPR 53.2% vs. 60.0%, CLBR
41.9 % vs. 48.3% in patients aged R36 years) (Table 3).

Likewise, cumulative success rates by number of oocytes
retrieved were similar between the fresh/frozen and freeze-all
groups (CCPR 55.5% vs. 59.2%, CLBR 46.1% vs. 50.0% [P¼ .6]
in cycles with 12–15 oocytes retrieved; CCPR 59.6% vs. 71.7
%, CLBR 43.9% vs. 58.5% [P¼ .07] in cycles with 16–18 oo-
cytes retrieved) (Table 3).

After stratification per day of transfer, the same trend was
observed in the cleavage-stage group (CLBR 45.6% vs. 46.4%
[P¼ .89] in fresh/frozen and freeze-all groups, respectively).
Conversely, importantly, when embryo cryopreservation
and transfer were carried out at blastocyst stage the CLBR
was significantly higher in the freeze-all group (45.3% vs.
66.7%; P¼ .05) (Table 3).
DISCUSSION
The increasingly popular IVF policy of ‘‘freeze-all’’ consists of
an elective cryopreservation of all embryos by vitrification
and a frozen–thawed embryo transfer, to obtain a more phys-
iologic hormonal and endometrial environment (30, 31) by
circumventing possible undesired side effects of COH on the
endometrium. Several studies attempted to understand
whether this relatively new strategy might become the gold
standard for IVF (7, 8, 31–37). To date, however, this policy
is applied in well-defined categories, such as patients at risk
of developing OHSS, patients awaiting results of genetic tests,
or in cycles with supraphysiologic levels of estrogen and P
(4–7, 9).

The aim of our multicenter, matched, retrospective cohort
study was to compare efficacy in terms of cumulative success
TABLE 3

Cumulative live birth rates comparison between freeze-all and fresh cycle

Variable

Fresh cycles

No. of cycles CLBR (95% CI)

Age (y)
%35 232 48.7 (42.3–55.1)
R36 203 41.9 (35.1–48.6)

No. of oocytes
12–15 321 46.1 (40.6–51.5)
16–18 114 43.9 (34.8–53.0)

Day of transfer
Cleavage stage 274 45.6 (39.7–51.5)
Blastocyst stage 161 45.3 (37.6–53.0)

Note: Values in parentheses are 95% confidence interval.

Zac�a. Cumulative births in freeze-all cycles. Fertil Steril 2018.
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rate of the freeze-all strategy versus the conventional strategy
based on an initial fresh transfer followed by subsequent use
of frozen–thawed embryos transfers, until a live birth was
achieved or all embryos were transferred.

To date, some studies showed that the freeze-all policy
is associated with a higher live birth rate not only in pa-
tients undergoing preimplantation genetic screening (38)
or in cycles with elevated P levels (33) but also in other
conditions, such as patients with at least one previous im-
plantation failure (39) or patients with recurrent implanta-
tion failure (40). The benefits of this policy were also
demonstrated in normal-responder patients (4–15 oocytes),
but these potential advantages seem to decrease in poor
ovarian responders (36). Cumulative data allow us to bet-
ter understand the real efficacy of a treatment, alterna-
tively to single ET data.

A recent Cochrane review (41) evaluated the efficacy and
safety of the freeze-all strategy compared with the conven-
tional IVF/ICSI strategy, in terms of cumulative live birth
rate and OHSS rate, respectively. This meta-analysis included
four parallel-design randomized controlled trials (RCTs).
Three were single-center studies (5, 6, 42), and one was a
multicentre trial (43). In three of these studies (5, 6, 42) no
cumulative results were reported, but the authors of the
meta-analysis were able to obtain these data as personal com-
munications by the authors of the original articles. The overall
analysis of these RCTs including 1892 patients showed that
one strategy was not superior to the other in terms of CLBR
and that the choice of not performing a fresh transfer lowers
the OHSS risk for women at risk of OHSS.

These data were confirmed in a recently published RCT
(32) in which cumulative ongoing pregnancy rates were
analyzed in 782 infertile women not affected by polycystic
ovary syndrome (54.2% in the frozen-embryo group and
53.5% in the fresh-embryo group, P¼ .21).

The assessment of treatment efficiency must include a
cost analysis. Frozen-embryo cycles are associated with an
increment in financial costs, emotional costs of deferring
ET, and physical costs of additional treatments, such as the
administration of hormones, multiple injections, and medical
consultations (44). However, although the financial costs may
be higher for freeze-all protocols because of cryopreservation
by age, number of oocytes, and day of transfer.

Freeze-all cycles

P valueNo. of cycles CLBR (95% CI)

69 57.1 (45.5–68.7) .21
60 48.3 (35.7–60.9) .37

76 50.0 (38.8–61.2) .60
53 58.5 (45.2–71.2) .07

84 46.4 (35.7–57.1) .89
45 66.7 (52.9–80.5) < .05
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and possible additional medication, an observational study
showed that this as a cost-effective policy (8).

As regards patient perception, a freeze-all policy may be
evaluated with considerable resistance because couples are
inclined to opt for solutions that minimize their time to preg-
nancy, and sometimes patients perceive FET as inferior in
terms of efficacy. Consistent with this, the study published
by Vuong et al. (32) shows how the median time to conception
was 1.4months shorter in the fresh-embryo group (3.6months
in the frozen-embryo group and 2.2 months in the fresh-
embryo group; P< .001). This difference is small but may be
a relevant factor for some patients in terms of the overall
treatment duration (31).

In the era of personalized medicine it is arguable to follow
the concept of a ‘‘one size fits all approach’’ (44). We need to
define the parameters to discriminate and choose the optimal
approach for each of our patients, considering that the freeze-
all policy allows us to improve safety and to obtain optimal
results in patients with appropriate indication. At the present
time there are high expectations for the publication of one
very large, randomized clinical trial evaluating the results
of a freeze-only approach (NCT03118141).

Because a number of questions remain open (45), we have
tried to assess whether a freeze-all approach may prevail on a
conventional policy of ET depending on female age, day of
transfer, or number of retrieved oocytes. The present study
showed that one strategy is not superior to the other in terms
of cumulative live birth even after stratification by age and
number of oocytes, so it is not justified to apply it in patients
without indication.

In the subanalysis focused on the day of transfer, no dif-
ferences were observed between cleavage-stage groups,
whereas when ET was performed at the blastocyst stage
the CLBR was significantly higher in the freeze-all group.
We have no verifiable explanation for this difference. How-
ever, it should be noted that, compared with the cleavage
stage, ET on day 5 implies a longer exposure of the endome-
trium to possible downstream detrimental effects of high
steroid hormone levels on implantation. In such a case, ET
in a frozen cycle might appropriately reset endometrial
function. However, not being included in the main endpoint
of our study, this hypothesis requires further analysis by ‘‘ad
hoc’’ investigations.

Overall, although retrospective, our data confirm the
notion of previously published studies that the freeze-all pol-
icy can be applied with excellent results. More importantly,
they suggest the important hypothesis that, if combined
with cryopreservation at the blastocyst stage, the freeze-all
approach can prevail over the conventional ET policy. There-
fore, this study contributes significantly to the already intense
debate on freeze-all and represents a basis for novel and more
specifically designed RCTs.
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Fertility and Sterility®
La tasa acumulada de nacidos vivos en ciclos en los que se ‘‘congela todo’’ es comparable a la de una política convencional de trans-
ferencia en estadio de segmentaci�on, sin embargo, si la transferencia de los congelados se realiza con embriones en estadio de blas-
tocisto es superior a la convencional

Objetivo: Determinar si la política de ‘‘congelarlo todo’’ asegura una mayor eficacia teniendo en cuenta la tasa acumulada de nacidos
vivos (CLBR) en comparaci�on con el enfoque convencional de transferencia de embriones en fresco y congelados en pacientes con una
respuesta ov�arica normal.

Dise~no: Retrospectivo, emparejado, estudio de cohortes multic�entrico.

Lugar: Centros privados de FIV.

Paciente(s): Este estudio analiza 564 ciclos completos de FIV en los que se consiguieron una media de 12-18 ovocitos. En 435 ciclos se
aplic�o la estrategia convencional con una transferencia inicial de embriones en fresco seguido por la transferencia de embriones con-
gelados, mientras que en 129 ciclos tuvo lugar la estrategia de ‘‘congelar todo’’, con criopreservaci�on electiva y uso diferido de todos los
embriones viables.

Intervenci�on (s): Ninguna.

Principales medidas de resultados: la variable principal fue la tasa acumulada de nacidos vivos (CLBR). La variable secundaria fue la
tasa acumulada de gestaci�on clínica.

Resultado(s): En general, la tasa acumulada de nacidos vivos conseguida era estadísticamente comparable tanto en el grupo de fresco/
congelados como en el de ‘‘congelar todo’’ (45.9% vs 53,5%). Al estratificar los datos por edad y n�umeros de ovocitos obtenidos se con-
firm�o la ausencia de diferencias entre ambos grupos. En un suban�alisis en el que se consider�o el día de la transferencia embrionaria y la
criopreservaci�on, los resultados conseguidos fueron similares en los distintos estadios de segmentaci�on (45.6% vs 46,4%), mientras que
cuando la transferencia embrionaria fue realizada en el estadio de blastocisto, la tasa acumulada de nacidos vivos fue significativamente
superior en el grupo de ‘‘congelar todo’’ (45,3% vs 66,7%).

Conclusione(s): Nuestro an�alisis sobre las tasas acumuladas de nacidos vivos indica que el resultado clínico de la política de ‘‘congelar
todo’’ es equivalente a la estrategia convencional cuando la transferencia embrionaria se realiza en estadio de segmentaci�on. Sin em-
bargo, parece que la tasa es superior si se asocia con criopreservaci�on y transferencia en estadio de blastocisto.
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