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ABSTRACT

Objeticve: To study the cumulative pregnancy outcome,
particularly in terms of live births, with the consecutive
transfer of embryos from fresh and vitrified/warmed oo-
cytes to infertile patients in a routine infertility program.
Methods: Patients were initially submitted to in vitro fer-
tilization embryo transfer with fresh embryos, while sur-
plus oocytes were vitrified with the Vitri-Ingd method.
Patients who did not succeed to carry their gestation to
term underwent a new cycle with embryos from their own
warmed oocytes. Some of the patients participating in the
first warming cycle, who still possessed surplus oocytes,
underwent a second warming cycle. Clinical and pregnancy
outcomes obtained with fresh and warming cycles were
compared using the chi-square test at a level of signifi-
cance of 5%.

Results: Of the 211 participating patients, 97 (46%) got
pregnant with fresh embryo transfer, and 69 (32.7%) car-
ried their pregnancies to term. Of the patients participating
in the first and second warming cycles, 32/100 (32%) and
6/20 (30.0%) resulted in live births, respectively. Thus, of
the 211 participating patients, 107 carried their pregnan-
cies to term, representing a cumulative live birth rate of
50.7%. No statistically significant differences between the
use fresh and vitrified oocytes were found for any of the
variables studied.

Conclusions: Oocyte vitrification offered the possibility of
gestation in more than one attempt after just one con-
trolled hyperstimulation. Apart from alleviating the finan-
cial burden on patients, vitrification of oocytes may result
in a feasible solution for the problems generated by aban-
doned frozen embryos.
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INTRODUCTION

The advent of ovulation induction in assisted reproduc-
tion fertilization cycles has resulted in the production of
supernumerary oocytes and embryos which needed to be
cryopreserved and stored to be used at a later date. Since
the first report by Trounson & Mohr (1983) on the success-
ful use of frozen/thawed embryos, the cryopreservation of
embryos has become routine in human reproduction cen-
ters worldwide. The cryopreservation of embryos in in vitro
fertilization (IVF) programs has resulted in increased preg-
nancy rates while, at the same time, avoided the undesir-
able consequences of transferring large numbers of em-
bryos at one time (Wang et al., 2008; Zhou et al., 2009;
Wong et al., 2014).

A possible drawback of the embryo cryopreservation
strategy, however, is the accumulation of cryostored em-
bryos, which are sometimes abandoned in human repro-
duction centers and may have an uncertain destiny. This is
particularly the case when one of the spouses die or cou-

ples divorce either litigiously or consensually (Robertson,
1989; Tucker et al., 1995; Craft & Forman, 1996). Thus,
the decision of what to do with such embryos can raise
serious legal, moral and religious concerns.

Recently, the cryopreservation of oocytes has emerged
as a possible solution to the problem of storing unwant-
ed embryos (Borini et al., 2008; Cobo et al., 2008; Rienzi
et al., 2010). The cryopreservation of oocytes has been
generally indicated in cases of oncologic patients submit-
ted to chemo/radiotherapy treatments, and also for wom-
en without medical problems who desire to extend their
reproductive lifespan, regardless of having a partner. In
IVF programs, more specifically, the cryopreservation of
oocytes has the potential to benefit patients suffering from
different conditions such as poor responders and ovari-
an hyperstimulation syndrome, or when semen collection
from the husband on the day that insemination is to be
performed fails (Cil & Seli, 2013).

Vitrification, a rapidly developing technology, which is
increasingly being used for the cryopreservation of gam-
etes, embryos (particularly blastocysts) and germinative
tissue, has been demonstrated to be a reliable strategy for
the cryopreservation of oocytes (Cobo et al., 2008; Cobo
et al., 2010; Almodin et al., 2010). The latest systemat-
ic review and meta-analysis comparing vitrified with fresh
oocytes demonstrated no statistically significant differenc-
es in fertilization, cleavage and clinical pregnancy rates,
although ongoing pregnancy rate was reduced in the vitri-
fied group (Potdar et al., 2014). Moreover, according to the
Practice Committees of the American Society for Repro-
ductive Medicine and the Society for Assisted Reproductive
Technology, there is good evidence that fertilization and
pregnancy rates obtained with vitrified/warmed oocytes
are similar to fresh oocytes when used as part of IVF by
intracytoplasmic sperm injection (ICSI) for young women
(Pfeifer et al., 2013).

As vitrification methods become more reliable and
widespread, oocyte vitrification emerges as an important
alternative to the more traditional cryopreservation meth-
ods and strategies (Kuwayama et al., 2005; Cobo et al.,
2008; Rienzi et al., 2010; Siano et al., 2013). Oocyte vitri-
fication has the potential to substantially reduce the num-
ber of abandoned embryos in human reproduction prac-
tices, offer the possibility of pregnancy in more than one
attempt with just one ovulation induction, while unused/
unwanted oocytes could help foster oocyte banks (Cobo
et al., 2010; Ubaldi et al., 2010). However, in order to
demonstrate the potential benefits that the vitrification of
oocytes may bring to patients and to global IVF success
rates, further clinical studies are still necessary to establish
the feasibility of the strategy.

Therefore, the objective of this prospective cohort clin-
ical study was to assess the cumulative outcome, particu-
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larly in terms of live births, with the consecutive transfer-
ence of embryos from fresh and vitrified/thawed oocytes to
infertile patients in a routine infertility program.

MATERIALS AND METHODS
Ethical Approval

This multicenter prospective cohort clinical study was
analyzed and approved by the institutional review board at
Materbaby - Reprodugdo Humana e Genética (protocol no
17-2011), in compliance with the Brazilian Ethical Norms
on the Use of Assisted Reproduction Techniques (CFM n©
1.957/2010, 15th December). Patients were thoroughly in-
formed on the procedures and objectives of the study, and
their participation was granted only after the signature of
a free informed consent.

Study design and patient inclusion

The procedures were performed at the following hu-
man reproduction centers: Ferticlin - Centro de Fertilidade
Humana (S&o Paulo, Brazil), Feliccita - Instituto de Ferti-
lidade (Curitiba, Brazil) and Materbaby - Reprodugdo Hu-
mana e Genética (Maringa, Brazil).

Only those patients with at least 10 oocytes in meta-
phase II (MII) were included in the study. All the patients
underwent only one fresh embryo transfer attempt, and
those patients that did not carry their gestation to term
had the option to use their surplus vitrified oocytes in new
embryo transfer cycles. All patients were consecutively
treated between January 2011 and December 2012.

Oocyte pickup, IVF, embryo culture and transfer

Controlled ovarian hyperstimulation was performed
with the long protocol using pituitary suppression with go-
nadotropin-releasing hormone (GnRH)-agonist (Lupron®
- Abbot Laboratories, Sao Paulo, Brazil) in mid-luteal
phase of the preceding cycle. Recombinant follicle-stim-
ulating hormone (r-FSH) (Gonal-F® - Merck-Serono, Sao
Paulo, Brazil) associated with human menopausal gonad-
otropin (hMG) (Menopur® - Ferring Pharmaceuticals, Sao
Paulo, Brazil) was administered on the second day of the
menstrual cycle and kept until follicular dominance. Follicle
growth was monitored by ultrasound, and either urinary
human chorionic gonadotropin (u-hCG) 10,000 IU (Cho-
riomom® - Meizler, Sao Paulo, Brazil), or recombinant
human chorionic gonadotropin (r-hCG) 250 pg (Ovidrel®
- Merck-Serono, Sao Paulo, Brazil) was administered when
at least two leading follicles = 18 mm in diameter were
observed. Oocyte retrieval was performed 36 hours after
hCG administration with the assistance of transvaginal ul-
trasound. After retrieval, oocytes were transferred to an
incubator with 6% CO2 at 37°C, and one to two hours
later placed in hyaluronidase (IngaMed, Maringd, Brazil)
for the removal of cumulus cells. A total of 6 oocytes in MII
were separated to be inseminated by ICSI using polyvin-
ylpyrrolidone (PVP - IngaMed, Maringa, Brazil), while the
remaining oocytes in MII were vitrified.

Embryo culture was conducted in a 50 pl microdrop of
culture medium (GV-Blast® - IngaMed, Maringd, Brazil)
under oil. Fertilization was assessed 18-20 h after ICSI,
and embryos were kept in culture until day three post-fer-
tilization as previously reported (Almodin et al., 2010).
Good quality, Grade I embryos were defined as those with
6-8 cells, similarly-shaped blastomeres and no fragmenta-
tion, while Grade II embryos as those with 6-8 cells and
similarly-shaped blastomeres with <20% fragmentation
(Alikhani et al., 1999). Before transfer, an assessment of
the total number of embryos was performed, and embryos
not selected for transfer were vitrified and stored into a
nitrogen tank.

Ultrasound guided embryo transfer was performed.
Luteal support was conducted with injectable progesterone
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(West-Ward Pharmaceuticals, NJ, USA) 50 mg/ml IM once
daily, or intravaginal micronized progesterone (Utroges-
tan® - Farmoquimica, Sao Paulo, Brazil) 800 mg daily, un-
til the pregnancy test. Gestation was confirmed by B-hCG
level on day 14 after embryo transfer, in which case the
same protocol was kept until week 10 of gestation.

Implantation rate was defined as the number of ges-
tational sacs per transferred embryo. Chemical pregnancy
was determined in those cases when B-hCG above 25 mUI/
ml was detected without, however, the visualization of the
gestational sac, and clinical pregnancy when heartbeat
was detected. Miscarriage was defined as the interruption
of gestation after the visualization of a gestational sac,
with or without the presence of heartbeat.

Oocyte vitrification and warming

The Vitri-Ingd method employed for oocyte vitrification
was that described previously by Almodin et al., 2010. All
materials required for vitrification/warming were obtained
from Ingamed (Maringd, Brazil).

Briefly, the vitrification process started by transferring
the oocytes to the equilibrium solution VI-1, where they
stayed for 9-15 min. After that, each oocyte was individ-
ually transferred to three consecutive 20 pl drops of vitri-
fication solution VI-2, and then to the vitrification strip. A
maximum of 2 oocytes were deposited on each vitrification
strip with minimum vitrification solution, and then imme-
diately immersed into liquid nitrogen. When more than 1
ul of the solution was deposited with the oocytes on the
strip, excess liquid was aspirated before vitrification. The
whole vitrification process, until the vitrification strip was
immersed into liquid nitrogen, took no more than 50-70
s. For the safe storage of vitrified oocytes, the vitrification
strips were inserted into sterile plastic straws, which were
heat sealed.

Oocyte warming was conducted as follow: immediately
after the vitrification strip was removed from the sealed
plastic straw, it was immersed into of the warming solution
DV-I, containing 1 M of sucrose at 37°C for 1 min. The oo-
cytes were then transferred to the diluting solution DV-II,
with 0.5 M of sucrose for 3 min at room temperature, and
rinsed twice in the buffer solution DV-III, 5 min each.

After warming had been completed, oocyte surviv-
al was assessed according to the morphological criteria:
re-expansion, with intact cell membrane, normal ooplasm
and zona pellucida, as well as perivitelline space of normal
size. ICSI was performed on selected oocytes 2-3h after
warming.

Oocyte warming was conducted as follow: immediately
after the vitrification strip was removed from the sealed
plastic straw, it was immersed into of the warming solution
DV-I, containing 1 M of sucrose at 37°C for 1 min. The oo-
cytes were then transferred to the diluting solution DV-II,
with 0.5 M of sucrose for 3 min at room temperature, and
rinsed twice in the buffer solution DV-III, 5 min each.

After warming was completed, oocyte survival was as-
sessed according to the morphological criteria: re-expan-
sion, with intact cell membrane, normal ooplasm and zona
pellucida, as well as perivitelline space of normal size. ICSI
was performed on selected oocytes 2-3h after warming.

Vitrified/Warmed Oocyte Cycles (VWOC)

Patients that did not succeed to get pregnant or did not
carry their gestation to term, and were willing to undergo
a new attempt, were prepared for new cycles using their
vitrified/warmed oocytes. Oral contraceptive (Microdiol® -
Organon, Sdo Paulo, Brazil) was initiated on day 5 of the
menstrual cycle. On the day 20 of the cycle, an ampoule
of triptorelin 3.75 mg (Neo Decapeptyl® - Aché, Guarul-
hos, Brazil) was administered, after which patients waited
for their menstrual bleeding. Between day 2 and 4 of the
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menses, patients were submitted to transvaginal ultra-
sound examination and a serum oestradiol blood test was
performed. When no ovarian cyst was observed with the
ultrasound and oestradiol levels were less than 40 pg/ml,
oral oestradiol valerate (Primogyna, Schering, Sdo Paulo,
Brazil) was initiated 2 mg/day for 6 days, followed by 4
mg/day for 3 days, and 6 mg/day for 3 days, after which
the patient was submitted to transvaginal ultrasound to
assess the endometrium. When the endometrium was =7
mm thick, the administration of injectable progesterone
100 mg/IM (West-Ward Pharmaceuticals), or intravaginal
micronized progesterone (Utrogestan®) 800 mg/day was
initiated. Oocytes were warmed on the day progesterone
was initiated and fertilized with ICSI. After embryo devel-
opment and quality assessment, selected embryos were
transferred on day 3 after progesterone initiation.

Outcome Measures and Statistical Analysis

Patients’ baseline characteristics, embryological data,
and pregnancy rates were analyzed on a per cycle basis. The
cumulativesuccessrateswereanalyzedonaperpatientbasis.
Life birth cumulative rate was determined for fresh oocytes
and vitrified oocytes of the same ovarian stimulation cycle.

Statistical significance was estimated using chi-square
test at a level of significance of 0.05% (a = 5%). Descrip-
tive levels (P) under this value were considered significant.

RESULTS
Figure 1 displays the participating patients and their
progress over the experimental period.

Oocyte vitrification/warming

A total of 211 patients, aged between 27 and 41 years
(33.0%+3.6), were included in the study. Table 1 displays
the clinical outcomes of fresh and warming cycles. In com-
parison to fresh cycles, vitrified/warmed cycles presented
no statistically significant differences concerning patients’
age (P = 0.8707), fertilization rates (P = 0.1546), embryo
quality (P = 0.6474), the number of transferred embryos
(P = 0,0911) or implantation rates (P = 0.7314).

A total of 3260 oocytes were retrieved, of which 2650
were in metaphase II, while the other 610 oocytes were
either immature or atretic, and were discarded. Insem-
ination by ICSI was conducted in 1045 oocytes, while
1488 were vitrified for future attempts at pregnancy by
the patients. Forty-four patients donated 117 surplus oo-
cytes to the oocyte bank to be used by other patients,
which were also vitrified. Eighteen hours after ICSI, 882
oocytes (84.4%) were successfully fertilized. The assess-
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ment conducted on the day three of embryo development,
457 (52%) embryos were deemed Grade I or II. A total of
516 fresh embryos were transferred (2.4 + 0.6) to the 211
participating patients.

Of the 1488 vitrified oocytes, 511 were warmed in
the two vitrified/warmed cycles (VWCs), among which
458 (89.6%) survived and were inseminated by ICSI,
which resulted in a fertilization rate of 81.4% (373/458).
Grade I and II embryos on day three represented 50.4%
(188/373), and a total of 272 embryos (2.3£0.9) were
transferred in 120 VWCs.

Pregnancy Rates

Table 2 displays the pregnancy rate results for fresh
embryo cycle and the first and second VWCs. No statis-
tically significant differences were found between fresh
and VWCs concerning pregnancy rate (P = 0.3654), clin-
ical pregnancy (P = 0.4744), chemical pregnancy (P =
0.6624), pregnancy to term (P = 0.8466) or the number of
abortions (P = 0.3618).

Of the 211 patients included in the study, 97 (46%)
presented positive BhCG (= 25 mUI/ml) after fresh em-
bryo transfer, among whom 84 (39.3%) presented clinical
pregnancy, and 69 carried their gestation to term. Of the
114 patients with negative B-hCG (< 25 mUI/ml), 80 de-
cided for a new attempt (first VWC). Likewise, 20 of the 28
patients who got pregnant in their first attempt with fresh
embryos but did not succeed in having a baby also decided
for their first VWC, totaling 100 patients.

Of the 100 patients in the first VWC, 40 (40%) present-
ed positive B-hCG, 36 (36%) were clinically pregnant, and
32 (32%) patients carried their gestation to term. Of the
68 patients participating in the first VWC, who did not suc-
ceed in having a baby, 51 still had surplus vitrified oocytes
for a second attempt. Of the 51 patients, 20 opted for the
second VWC, from whom 9 (45%) was B-hCG positive, 7
(35%) demonstrated clinical pregnancy, and 6 (30%) car-
ried their pregnancy to term.

Thus, of the 211 patients included in the study, a cu-
mulative pregnancy to term rate of 50.7% (107/211) was
obtained after the fresh and the first and second VWCs. Of
the 104 patients yet to have babies, 32 did not have any
remaining oocytes for new attempts. However, 72 patients
(791 oocytes) can still undergo their first or a new VWC.

After the second VWC, 11 patients who had no inten-
tion to perform a new IVF attempt, either because they
had already had babies or decided not to proceed with the
treatment, donated 67 oocytes to the oocyte bank. All the
donated vitrified cryo-banked oocytes were quarantined

Figure 1: Pregnancy rates after fresh and the 1st and 2nd vitrified/warmed cycle (VWC)

1t vwe 2" ywe
cycles cycles cycles
1G :? ;:;::gal [~ 6 to term
7(+) 7 1abortion
97 +) 15 abortions 20 | _
7 4 2(+) to term
i 13(-) ——
Fresh L 200
CVCIe C 26 to term L
33(+) | 4chemical
— 3 abortions
14 (- 80
v ] r 4 to term
7(*) =2 chemicals
16 i
47(-) —,—— 1 abortion
i 9(-)
97 (+) 100 » o
211 cycles {46% ‘:gé’” _45“2 )

Pregnancies to term / Cumulative rate (fresh + vitrified/warmed oocytes) = 107/211 (50.7%)

JBRA Assist. Reprod. | V.19 | n°3]| Jul-Aug-Sep/ 2015

137



Original Article

Table 1: Clinical outcomes of fresh and vitrified/warmed cycles

Fresh cycle 1st 4+2nd VWC P-value
Cycles 211 120
age (mean % SD) 33.0£3.6 33.1+3.2 0.8707
Total collected oocytes 3260 -
Total mature oocytes 2650 -
Mature oocytes (mean *+ SD) 12.6 £ 4.3 -
Vitrified oocytes 1488 -
Thawed oocytes - 511
Surviving oocytes (survival rate %) - 458 (89.6)
Injected oocytes 1045 458
Fertilized oocytes (fertilization rate %) 882/1045 (84.4) 373/458 (81.4) 0.1546
Embryos type I or II (quality rate %) 457/882 (51.8) 188/373 (50.4) 0.6474
Transferred embryos 516 272
Transferred embryos (mean + SD) 2.4 £ 0.6 2.3+ 0.9 0.0911
N©° gestational sacs (Implantation rate %) 102/516 (19.8) 51/272 (18.8) 0.7314
VWC: Vitrified/Warmed cycle
Table 2: Pregnancy rates after fresh and vitrified/warmed cycles
Fresh transfer 1st + 2nd VWC P-value
211 120
Pregnancies per transfer (%) 97/211 (46.0) 49/120 (40.8) 0.3654
Clinical pregnancies per transfer (%) 84/211 (39.8) 43/120 (35.8) 0.4744
Chemical pregnancies per transfer (%) 13/211 (6.2) 6/120 (5.0) 0.6624
Pregnancies to term per transfer (%) 69/211 (32.7) 38/120 (31.7) 0.8466
Abortions (%) 15/84 (17.9) 5/43 (11.6) 0.3618

VWC: Vitrified/Warmed cycle

for a minimum of 6 months and were assigned only after
the seronegativity of the donor was verified. Other 13 pa-
tients, who did not wish to donate their oocytes, had their
119 remaining oocytes discarded.

DISCUSSION

This multicenter prospective cohort clinical study
demonstrated that the vitrification of supernumerary oo-
cytes is a feasible strategy that can increase live birth rates
without the need for new ovulation inductions, clinically
and financially benefitting patients.

The vitrification method used in the present study, the
Vitri-Ingd system, has been routinely used in the services
involved in the present study. This system permits vitrifi-
cation to be conducted with the use of minimum volume
of cryoprotectant, increasing cooling and warming rates
and, consequently, decreasing cell damage (Almodin et
al., 2010). The Vitri-Ingd method seemed to be effective
and safe in the cryopreservation of oocytes in the sam-
ple studied. The results of this study demonstrated that
the oocyte vitrification method used did not have a neg-
ative effect on the fertilization rates and embryo quality.
The similar fertilization rates observed with both fresh and
frozen/thawed oocytes, suggested that not only the mor-
phological but also the functional integrity of oocytes were
well preserved with vitrification. Thus, fresh embryo qual-
ity on day 3 was not significantly different from that of
similar embryos from vitrified oocytes. Nonetheless, future
research is needed to consolidate the method’s safety and
give information about health of children born from vitri-
fied/thawed oocytes.

It is well known that, embryo quality as well as embryo
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development synchronism with endometrial receptivity are
important factors that can affect pregnancy rates in IVF
cycles (Coutifaris et al., 2004; Loutridis et al., 2008). Re-
cent studies in animals and humans suggest that ovarian
hyperstimulation, an important part of the IVF procedures,
can lead to several alterations in the endometrium, such as
epithelium depth, the number and length of microvilli, the
mitotic activity on the epithelial interface with stromal cells,
and decreased number of specific integrins associated with
the implantation window (Chen et al., 2007; Al-Ghamdi et
al., 2008; Weinerman & Mainigi, 2014). Moreover, during
fresh IVF cycles, multiple formations of corpora lutea se-
crete high levels of hormones and other factors that may
affect the endometrium and, consequently, embryo im-
plantation in the uterus (Weinerman & Mainigi, 2014).
Endometrial receptivity may be more affected in those
women with an exaggerated response to ovarian stimula-
tion. This is probably due to the fact that these patients
have increased levels of estrogen and progesterone during
and after the superovulation. Clinical studies indicate that
high levels of estrogen are correlated with early proges-
terone peaks, even before hCG is administered to trigger
the ovulation (Kyrou et al., 2009; Bosch et al., 2010; Ko-
libianakis et al., 2012; Al-Azemi et al., 2012). High levels
of progesterone have been associated with the early se-
cretion stage in human endometrium and a drop in preg-
nancy rates (Weineman & Mainigi, 2014). Comparative
studies using endometrial biopsies obtained during natural
and stimulated cycles demonstrated that changes in the
endometrial gene expression, coinciding with 2 to 4 days
advancement of the endometrial implantation window,
occurred in cases of ovarian hyperstimulation (Zhang et
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al., 2008; Ruiz-Alonso et al., 2013). Other risks associated
with the transfer of fresh embryos after ovarian hyperstim-
ulation include pre-eclampsia, low birth weight, prematu-
rity, bleeding at delivery, placental abruption and perinatal
death (Shapiro et al., 2014).

As a result, some recent studies have suggested that
embryo transfer should be performed only in post-cryo-
preservation/thawing cycles, which would permit the en-
dometrium to be better prepared in natural cycles (Barn-
hart, 2014; Shapiro et al., 2014; Weinerman & Mainigi,
2014). In an attempt to obtain the best embryo/endome-
trium synchronism, Zhou et al. (2009) conducted a fresh
embryo transfer cancellation program with later transfer of
frozen/thawed embryos, which resulted in improved preg-
nancy rates.

Natural cycles, or cycles with hormone replacement,
similar to natural cycles, used in cases of cryopreservation/
warming of embryos and oocytes could, therefore, result in
improved endometrial receptivity (Chang et al., 2011; Lev-
ron et al., 2014). It is believed that the transfer of frozen/
thawed embryos is associated with less risk of implantation
failure when compared with fresh embryo transfer (Shap-
iro et al., 2014).

The vitrification of oocytes may represent an advan-
tage over the cryopreservation of embryos. Routinely, top-
rate embryos are transferred fresh and only second best
embryos are cryopreserved. Their use in frozen cycles may
compromise results, despite the still theoretical advantage
obtained with improved endometrial receptivity of a natu-
ral cycle (Shapiro et al., 2014; Wang et al., 2014). Vitrified
oocytes, on the other hand, have been shown to produce
embryos with quality similar to fresh oocytes (Potdar et
al., 2014). The choice for the best embryos derived from
vitrified oocytes may bring an important contribution to
the delayed implantation strategy. Further studies should
be conducted to ascertain this assumption.

Apart from the biological aspects, the vitrification of
oocytes may bring some other additional noteworthy ben-
efits to patients. It has been previously reported that the
use of cryopreserved embryos can reduce the overall costs
of IVF treatment. Veleva et al. (2009) compared IVF clini-
cal results during the 1995-1999 period, when the transfer
of cryopreserved/thawed embryos was seldom employed
(4.2%), with the 2000-2004 period, when the number of
transfers had sharply grown (46.2%). The cost/benefit ra-
tio per birth calculated based on the costs of the treat-
ment and medications, suggested that the transfer of just
one selected top-quality embryo associated to cryopres-
ervation could improve results and decrease IVF costs.
Following the same rationale, the vitrification of surplus
oocytes may also lead to reductions in the financial burden
borne by IVF patients. Moreover, the Human Reproduction
centers involved in this study possess a oocyte donation
program. Patients could donate their surpplus oocytes at
any stage of their treatment, and those who agreed to
join the program received a 50% discount in their overall
treatment cost as an incentive. In the present study, 44
patients donated surplus oocytes before starting the treat-
ment, while other 11 patients did so after concluding their
treatment. However, donation was totally voluntary, and
those couples who decided not to join the program had
their wish respected, and any remaining surpplus oocytes
were discarded at the end of their treatment.

In conclusion, this multicenter cohort prospective clin-
ical study demonstrated that the vitrification of supernu-
merary oocytes may be an effective strategy in routine IVF
programs, which could bring some important benefits to
IVF patients.

Vitrification is fast becoming a reliable method to cryo-
preserve oocytes, permitting that more than one attempt
at pregnancy may be performed with just one ovulation
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stimulation, reducing the financial burden borne by IVF pa-
tients. Warming and insemination of vitrified oocytes can
be performed in synchrony with the endometrium window,
which could lead to improved pregnancy rates. Increas-
ingly, smaller number of embryos may have to be cryo-
preserved, reducing the possible religious, moral or legal
problems associated to embryo storage. Finally, oocyte do-
nation programs can help foster oocyte cryo-banks, bene-
fitting a higher number of patients.
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