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Abstract
Purpose This study investigates whether certain embryos
considered unsuitable for cryopreservation on day 3 might
nevertheless have the potential to develop into worthwhile
blastocysts that could be vitrified in the same cycle.
Methods Retrospective study: between 2010 and 2011, em-
bryo transfers and cryopreservation took place mainly on day
3 in our centre. Supernumerary embryos of intermediate to
poor quality were reassessed on days 5/6 and any good
quality blastocysts were vitrified.
Results Out of 914 cleavage stage (day 3) embryos left in
culture, 16 % were vitrified on days 5/6. Fifty blastocyst
warming cycles resulted in a 76 % survival rate, 44 % clinical
pregnancy rate and 39 % implantation rate. During the same
time period, 213 warming cycles of good quality cleavage stage
embryos rendered survival rates, clinical pregnancy and im-
plantation rates of 97 %, 23 % and 16 % respectively.
Conclusions Supernumerary average quality day 3 embryos
should be given a second chance to be selected for cryopres-
ervation. If blastocysts are obtained and survive vitrification,
there is a good chance of implantation thus reducing embryo
waste.
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Introduction

With the development of efficient culture systems, it is be-
coming more reliable to obtain blastocysts in vitro. Certain
laboratories opt for a fresh blastocyst transfer since uterine
contractility is decreased [10] and embryo-endometrial syn-
chronicity is enhanced [41]. Moreover the risk of multiple
pregnancies can be reduced without compromising pregnancy
rates by improving selection and transferring fewer embryos
[14, 34, 39]. However, the population attending IVF in most
centers is not a majority of young and good prognosis patients,
therefore a possible drawback of extended culture could be a
transfer cancellation [4, 19]. The policy at the CHUSt Pierre is
a fresh day 3 transfer combined with cryopreservation of good
quality embryos the same day. Since 2010, we have switched
from slow freezing supernumerary embryos to vitrification [5,
38, 40]. Indeed, many studies comparing slow freezing and
vitrification have demonstrated superior survival rates for
vitrification of day 3 embryos [2, 20, 22]. The emergence of
vitrification technology has also allowed for the possibility of
cryopreserving blastocysts with high pregnancy and implan-
tation rates [18, 21, 28, 43, 44]. Cryopreservation increases
the cumulative success rates [23] which in turn could help
reduce patient drop out. Indeed, several reports have concluded
to a discontinuation of IVF treatments due to psychological
stress and emotional burden [15, 30].

Selection of cleavage stage (day 3) embryos for cryopreser-
vation varies from one centre to another. It is possible that
laboratories with strict inclusion criteria might be discarding
competent reproductive material resulting in embryo wastage.
Certain studies have shown that some poor quality cleavage
stage embryos are capable nevertheless of reaching the blasto-
cyst stage, implanting [1, 32] and producing healthy babies [14].

Capsule We extended the culture of cleavage stage embryos considered
unsuitable for cryopreservation and found that good quality blastocysts
could be produced with high pregnancy rates after warming.

C. Shaw-Jackson (*) : E. Bertrand : B. Becker : J. Colin :
C. Beaudoin-Chabot : S. Rozenberg :C. Autin
Department of Gynaecology, CHU St Pierre, (Université Libre de
Bruxelles), rue Haute 322, Brussels 1000, Belgium
e-mail: Chloe_SHAW-JACKSON@stpierre-bru.be

J Assist Reprod Genet (2013) 30:1035–1042
DOI 10.1007/s10815-013-0037-7



The aim of this study was to evaluate whether the extended
culture of embryos considered unsuitable for cryopreservation
on day 3 could produce worthwhile blastocysts that could be
successfully vitrified in the same cycle.

Results of these blastocyst as well as cleavage stage em-
bryo warming cycles performed during the same time period
are presented. A small group of patients had both day 3 and
day 5 embryos cryopreserved in the same fresh cycle. The
results of their warming cycles were equally analyzed.

Material and methods

Ovarian stimulation and oocyte retrieval

Patients selected for IVF were monitored and managed
according to standardized clinical protocols as previously
reported [6]. Briefly, ovarian stimulation was performed with
hMG, recombinant FSH or corifollitropine Alfa (long acting
FSH). The dose of gonadotropins were determined on an
individual basis according to the woman’s age, day 3 serum
FSH value and antral follicle count. Pituitary inhibition was
obtained by GnRH analogue (long or short protocol) or
GnRH antagonist. When three or more leading follicles
reached 17–18 mm, 5000 UI of hCG were administered.

Oocyte retrieval was performed transvaginally and
ultrasound-guided 34–36 h after hCG injection.

Embryo culture and selection

17–20 h after ICSI/IVF, fertilization was monitored and zy-
gotes were cultured individually in G1 (Vitrolife, Sweden) or
CLM (Cook, Australia) media under 6%CO2, 37 °C until day
3. Embryos with extended culture were transferred to fresh G2
or BLM under the same conditions until days 5/6.

On the mornings of days 2 and 3 embryo, morphology was
assessed by an embryologist under an inverted microscope.
The best quality embryos (number according to the Belgian
law) were transferred on day 3 and supernumerary embryos of
good quality were vitrified. The following embryos consid-
ered unsuitable for vitrification on day 3 were left in culture
for 2 to 3 additional days:—embryos with 20 % or more
fragmentation [29, 47];—slow cleaving embryos (<6 cells)
[24];—embryos presenting strong granularity, vacuolization
[7], zona anomalies or a combination of these features;—fast
cleaving day 2 embryos (>6 cells) [24];—day 2 embryos
presenting three regular cells.

Zona thickness was not taken into account, only large
pouches or elongated embryos [8] were considered abnormal.

The decision to discard or extend an embryo was left to the
appreciation of the trained biologist doing the morphological
examination. Special care was taken to standardize the proce-
dure as well as the microscope settings. Very poor quality

cleavage stage embryos including; arrested, multi-nucleated,
poly-fragmented embryos or embryos with several negative
characteristics were generally discarded.

The others were left in culture and re-evaluated on days
5/6. Blastocysts with an Inner Cell Mass and trophoectoderm
mainly of grades A/B [12] were vitrified.

Vitrification cooling protocol

The Irvine Scientific Freeze Kit (Irvine, USA) combined
with CBS-VIT High Security straws from CryoBioSystem
were used for vitrification. All basic solutions contained
HEPES-buffered Medium-199, gentamicin sulphate 35 μg/
mL, and 20 % v/v Dextran Serum Supplement (DSS). One to
two embryos were progressively brought to room tempera-
ture and then incubated 8 min (cleavage stage embryos) to
10 min (blastocysts) in a 20 μl ES drop (Equilibration
Solution: 7.5 % v/v of each DMSO and ethylene glycol)
followed by 2 times 5 s and 1 time 10 s in 20 μl VS drops
(Vitrification Solution: 15 % v/v of each DMSO and ethyl-
ene glycol, 0.5 M sucrose). The smallest possible volume of
VS containing the embryo(s) was loaded into the gutter of
the straw, which in turn was inserted into an external sheath;
heat sealed and plunged horizontally into liquid nitrogen
(LN2). The embryos were in contact with the VS between
60 and 90 s. The whole procedure was carried out at room
temperature.

Vitrification warming protocol

The Irvine Scientific Thaw Kit (Irvine, USA) was used for
warming. Again, all basic solutions contained HEPES-
buffered Medium-199, gentamicin sulphate 35 μg/mL, and
20 % v/v Dextran Serum Supplement (DSS). Straws to be
warmed were transferred into a small recipient containing
LN2. The external sheath was cut; the inner straw removed
from LN2 and plunged directly in a large droplet (200 μl) of
TS media (Thawing Solution: 1 M sucrose) preheated to
37 °C. The embryo(s) were left in this media for 1 min on
a non heated stage and then transferred into 20 μl of DS
media (Dilution Solution: 0.5 M sucrose) twice for 2 min,
followed by 3 times 3 min incubation inWSmedia (Washing
Solution: HEPES-buffered solution of Medium-199 contain-
ing gentamicin sulphate 35 μg/mL HEPES and 20 % DSS).
During the last incubation step, embryos were brought pro-
gressively back to 37 °C, cultured for 1 h in G2 or BLM
containing 20 % HSA and then in media with 10 % HSA
until transfer. Survival of embryos was monitored straight
after the warming procedure and before transfer. Blastocysts
were transferred end of the morning. Day 3 embryos were
cultured overnight in order to assess development recovery.
Warmed cleavage stage embryos were submitted to assisted
laser hatching.

1036 J Assist Reprod Genet (2013) 30:1035–1042



Outcome parameters

Embryos vitrified during the years 2010, 2011 and thereafter
warmed before August 2012, were taken into account in this
study.

Embryological outcome Embryo survival was assessed im-
mediately after warming and was defined for cleavage stage
embryos as the loss of less than 50 % of the blastomeres.
Blastocysts with partial or no damage were considered to
have survived and were transferred even if re-expansion had
not always occurred at the time of transfer.

Clinical outcome Serum βhCG levels were measured 14
days after oocyte retrieval. The Implantation Rate (IR) was
defined as the number of gestational sacs (intra uterine and
extra uterine) divided by the number of transferred embryos.
A Clinical Pregnancy (CP) was defined as a pregnancy with
a gestational sac. Ongoing pregnancies were defined as
pregnancies that had progressed beyond 22 weeks but had
yet not resulted in a birth at the time of article submission.
Results of live births were recorded.

Statistical analysis

Since this is a retrospective analysis, we used exploratory
statistics. Differences in terms of vitrification were assessed
between groups of extended embryo’s (Fig. 2) using Chi
Square test (significance set at p<0.05). For a small group of
14 patients who had an embryo cryopreservation on days 3
and on days 5/6 in the same fresh cycle, pregnancy outcomes
for warming cycles were also assessed (Table 3) using Chi
Square test (considering that all events are independent
occurrences which is not the case). The conclusions drawn
from the exploratory statistics used should be done with
caution [3].

Ethical statement

All our protocols have been approved by the local Ethics
Committee.

Results

Characteristics of stimulated IVF cycles

During 2010 and 2011, 1142 stimulated IVF cycles including a
fresh day 3 transfer took place. Characteristics of these cycles
are presented in Table 1. On day 3, out of a total of 4890
embryos, the best quality ones were selected for embryo trans-
fer (n=1894) or vitrified the same day (n=589) (Fig. 1). Out of
a total of 2407 embryos considered unsuitable for vitrification

on day 3, 914 were cultured to day 5 or 6 or directly discarded
generally due to very poor quality (n=1493). 145 good quality
blastocysts on days 5/6 were vitrified, thus increasing the total
number of cryopreserved supernumerary embryos by 4.8 %

Extended embryo culture

914 embryos were left in culture and further assessed on days
5/6. We classified them into groups regarding their main
negative feature (Fig. 2). The proportions of vitrified embryos
as well as the pregnancy rates obtained after warming cycles
were calculated for each group (Fig. 2).

The percentage of vitrified embryos was found to be
statistically different between the different groups (Fig. 2).

Day 3 and day 5 warming cycles

The outcome for blastocyst and cleavage stage embryo
warming cycles is presented in Table 2. Fifty blastocyst
warming cycles resulted in a 75.8 % survival rate, 43.6 %
clinical pregnancy rate and 39.1 % implantation rate. 213
warming cycles of good quality cleavage stage embryos
rendered survival rates, clinical pregnancy and implantation
rates of 96.6 %, 23.0 % and 15.5 % respectively (Table 2).
Although, 84.3 % of cleavage stage embryos were intact
after warming, only 63.9 % showed signs of compaction or
mitosis overnight (gain of≥2 cells). The clinical pregnancy
rate for transfers involving non evolving embryos was 19.0 %.

Day 3 and day 5 warming cycles for the same patient

For a small group of 14 patients who had an embryo cryopreser-
vation on days 3 and on days 5/6 in the same fresh cycle, preg-
nancy outcomes for warming cycles were compared (Table 3).
The CP and implantation rates were 46.7 % and 40.0 % for
blastocyst warming cycles versus 9.5 % and 5.3 % for cleavage
stage embryo cycles. Priority was given to warming day 3 em-
bryos first and some patients had several day 3 and/or day 5

Table 1 Characteristics of stimulated IVF cycles with a fresh day 3
embryo transfer

Stimulated cycles with a transfer (n): 1142

Mean patients age±SD (years): 35.1±5.2

Positive βHCG/cycle: 35.3 % (403/1142)

IR: 20.1 % (380/1894)

CP/Transfer: 29.8 % (341/1142)

Mean embryos/cycle±SD: 4.3±2.7

Mean embryos TF/cycle±SD: 1.7±0.7

Proportion of cycles with embryo cryopreservation: 27.8 % (318/1142)

IR implantation rate; CP clinical pregnancy; TF transferred; SD stan-
dard deviation
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warmingcycles.Exploratorystatisticsshowedthattheproportion
of positiveβHCG’s, clinical pregnancies and implantation rates
were statistically different between day 3 and day 5 cycles
(Table 3).

Discussion

The findings in this study show that some fair and even poor
quality embryos that would have been discarded following our
centre’s previous guidelines can develop to the blastocyst stage
and provide good results after warming. A total of 145 blasto-
cysts (15.9 %) were vitrified and to date, 63 have been warmed,
enabling the birth of ten healthy babies and one ongoing
pregnancy. Clearly, the extended culture allowed us to reduce
embryowastage, since the percentage of cryopreserved embryos
was raised from 19.7 % on day 3 to 24.5 % when blastocysts
were taken into account.

In a similar study, 6.6 % blastocysts were vitrified after the
extended culture of poor quality embryos. The embryo utiliza-
tion rate was increased from 30.8% to 32.6% and after warming
IR and CP rates were 32.8 % and 40.9 % respectively [31]. In
2011, Guerif et al., studied a population of young patients
without top quality cleavage stage embryos. Patients with the
poorest overall embryo quality achieved a blastocyst transfer in
78% of cases. Implantation rates were significantly higher at the
blastocyst stage with a single embryo transfer compared with a
double embryo transfer on day 2 (40.9 % vs. 7.8 %) [14]. In an
earlier study, Balaban and colleagues concluded that a blastocyst
transfer originating from poor quality day 3 embryos is feasible
and results in significantly higher implantation rates than a
day 3 transfer (15 % vs. 5.9 %) [1]. These results confirm the

knowledge that cleavage stage embryomorphology alone has its
limits for embryo selection [13, 27, 32].

New techniques, including non-invasive metabolomic, pro-
teomic or transcriptomic profiling [16, 33, 36] are under eval-
uation to help select an embryo capable of implanting. A recent
and interesting publication by Wong and co-workers demon-
strated that a combination of cytokinetic and mitotic parameters
in the first two cleavage divisions, before embryonic genome
activation can predict blastocyst formation at a high rate. By
correlating time-lapse image analysis and gene expression pro-
filing from zygotes to blastocysts, they showed that embryos
follow a strict developmental timeline that is correlated with
gene expression patterns [45]. Future clinical studies will eval-
uate the possibility of predicting blastocyst formation at day 2.

Although in our study 15.9 % good quality blastocysts
could be cryopreserved, it is well documented, that extended
culture does not guarantee that all genetic anomalies will be
screened out [11, 17, 35]. This underlines the importance of
following up pregnancy outcomes.

The largest group amongst the extended embryos (56.6 %)
consisted of embryos presenting grade B fragmentation
(≥20% – ≤50% fragments), and 20% of these embryos could
be vitrified at the blastocyst stage. Themajority of pregnancies
obtained to date after blastocyst warming cycles, were from
these grade B fragmented embryos. Our cut off for cryopres-
ervation on day 3 is less than 20 % fragments. There could be
a difference between embryos displaying 25 %, 35 % or 45 %
fragments as well as for embryos with a dispersed or grouped
distribution of fragments. For example, a scattered appearance
was found to be correlated with an increased incidence of
chromosome abnormalities [24]. In our study, we did not
consider these different features.

Vitrified D3 E
n = 589
19.7%

(589/2996)

Discarded D3 E
n = 1493
62.0%

(1493/2407)

Supernumerary  E
n = 2407
49.2%

(2407/4890)

Fresh D3 ET
n = 1894
38.7%

(1894/4890)

Discarded D5/6 E
n = 769
84.1%

(769/914)

Extended D3 E
n = 914
38.0%

(914/2407)

Vitrified D5/6 E
nD5 = 95   nD6 = 50

15.9%
(145/914)

Good quality embryos Fair to poor quality embryos

D3 E
n = 4890

Fig. 1 Fate of day 3 embryos.
D3=Day 3; E=Embryo;
T=Transfer; D5/6=Days 5/6
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Morphokinetic analysis for the different groups revealed
that most of the blastocysts were vitrified on day 5 (66 %).
Slow cleaving embryos produced the least good quality
blastocysts (5.8 %). Indeed, 62 % extended embryos were
either arrested or degenerated and less than one percent were
expanded blastocysts on day 5 (data not shown).

Vitrification was implemented in our centre end of 2009.
As expected from the literature, survival rates for cleavage
stage embryos were just below 100 % and thus an important
improvement compared to our previous results for slow
freezing (survival rate 57.9 % CP rate 28.8 %, IR 19.4 %
in 2008). In a recent review, Edgar and Gook concluded that
cleavage stage embryos and blastocysts which survive cryo-
preservation by vitrification or slow freezing can implant at
the same rate as equivalent fresh embryos [9].

Success of vitrification is dependant on many factors
including embryo stage, embryo selection, warming and
cooling protocols, as well as patient and stimulation
characteristics. Good quality cleavage stage embryos
were vitrified in this study. Blastocysts on the other
hand, were obtained from lesser quality day 3 embryos
but nevertheless resulted in good clinical pregnancy and
implantation rates.

It is possible that patients who had a blastocyst warming
cycle had a better prognosis than those who had a cleavage
stage warming cycle. However, for a small group of patients
who had both day 3 and day 5 warming cycles for embryos
cryopreserved in the same fresh cycle, a trend in favor of
blastocyst transfers was also observed.

Mesut et al. [26] reported better outcome measures, when
comparing vitrified blastocysts to vitrified cleavage embryos.
The same advantage was also observed if day 3 cryopreserved
embryos were allowed to develop to blastocysts after thawing
[26].

Our data do not allow us to distinguish between the effects
associated with improved embryo selection after extended
culture from those possibly linked to better adapted
cooling/warming protocols to blastocysts versus cleavage
embryos. Blastocysts have the advantage of a higher cell
number which can help compensate for partial cryo-
damage. They also have a higher membrane/cytoplasmic
ratio which should theoretically be another advantage during
vitrification [42].

Several healthy babies and ongoing pregnancies were
obtained thanks to the extended culture of fair to poor
quality embryos.

< 20% Fr 
n = 181

Extended D3 embryos

n = 914

 6 cells 
n = 755

Vitrified D5/6 
nD5 = 6     nD6 = 2 

5.8%a

(8/139)

< 6 cells
n = 139
15,2%

(139/914)

Warming cycles
n = 5
HCG :2
CP: 1

Warming cycles
n = 6
HCG :3 
CP: 3

Warming cycles
n = 34
HCG :16
CP: 13

Warming cycles
n = 3
HCG :0
CP: 0

Warming cycles
n = 0
HCG : /
CP: /

Warming cycles
n = 0
HCG : /
CP: /

> 50% Fr 
n = 77
8,4%

(77/914)

Vitrified D5/6 
nD5 = 8 nD6 = 4

15.6% a

(12/77)

Vitrified D5/6 
nD5 = 69    nD6 = 35 

20.1% a

(104/517)

Vitrified D5/6 
nD5 = 6     nD6 = 5 

10.6% a

(11/104)

Vitrified D5/6 
nD5 = 3     nD6 = 0 

14.3% a

(3/21)

Vitrified D5/6 
nD5 = 3     nD6 = 4 

12.5% a

(7/56)

No anomaly 
N = 56**

6,1%
(56/914)

D2 anomaly
n = 21 *

2,3%
(21/914)

V/G/Z  
n = 104
11,6%

(104/914)

> 20% – < 50% Fr 
n = 517
56,6%

(517/914)

β β β β β β

Fig. 2 Day 3 embryo classification regarding main negative features,
percentage of vitrified/warmed embryos and resulting pregnancies.
D3=Day 3; D2=Day 2; D5/6=Days 5/6; Fr=Fragmented; V=
Vacuolization; G=Granularity; Z=Zona anomaly; CP=Clinical

Pregnancy. *≥6 cells day 2 or 3 regular cells day 2 **some good quality
day 3 embryos were extended for various reasons. Two warming cycles
are not presented due to mixed transfers of 2 embryos from different
groups a (chi square: 20.8; p<0.001)
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The main goal in ART is to obtain a healthy baby but in a
reasonable lapse of time. Patients who have several fresh and
cryopreserved cycles without a positive outcome are at a
higher risk of cancelling their treatment for reasons other
than financial. Patient drop-out due to stress, depression and
anxiety is well described in the literature.

In view of our results, changing our strategy from fresh day
3 transfers to mainly day 5 transfers as well as cryopreserving
embryos at the blastocyst stage seems a logical strategy.

Fresh blastocyst transfers have been shown to be benefi-
cial for good prognosis patients with several good quality
embryos on day 3 [4]. Combining a transfer and cryopreser-
vation at the blastocyst stage could help achieve a pregnancy
quicker. Probably less embryos would be cryopreserved but

with a higher implantation potential. On the other hand, Zhu
et al., reported that it might be time for a new embryo transfer
strategy, indeed several groups have observed better results
after warmed blastocyst transfers compared to fresh [37, 46].
In the study by Zhu for example, clinical pregnancy rates
were 36.4 % for fresh and 55.1 % for warmed embryo cycles
despite a survival rate of 85.7 %. Endometrial receptivity
could be adversely affected by controlled ovarian stimulation
and additionally the vitrification/warming procedure may
weed out blastocysts with poor developmental competence.
Only warmed blastocysts that had expanded in 14–16 h were
considered to have survived.

A certain reluctance to carry out blastocyst transfers is
related in part to the current concern assigned to epigenetic

Table 3 Results of day 3 and
day 5 warming cycles for em-
bryos cryopreserved in the same
fresh IVF cycle for 14 patients

D5/6 days 5/6; D3 day 3; TF
transfer. IR implantation rate

*1 pregnancy produced twins
a (chi square: 8.3; p<0.004)
b (chi square: 6.7; p<0.05)
c (chi square: 6.4; p<0.02)

Blastocyst
(D5/6)

Cleavage stage
(D3)

Warming cycles: 16 21

Transfers: 15 21

Warmed embryos: 24 40

Positive βHCG/TF: 10/15 a 66.7 % 4/21 a 19.0 %

IR: 8/20 b 40.0 % 2/38 b 5.3 %

Clinical Pregnancy/TF: 7/15 c 46.7 % 2/21 c 9.5 %

Pregnancies: 10 4

Babies born: 5* 1

Early miscarriage: 2 1

Extra uterine: 1 0

Biochemical: 3 2

Table 2 Outcome of blastocyst
and cleavage stage warming
cycles

D3 day 3; D5/6 days 5/6; TF
transferred; TFs transfers; CP
clinical pregnancy; IR implanta-
tion rate; SD standard deviation
a Four babies were born from two
twin pregnancies

Blastocyst
(D5/6)

Cleavage stage
(D3)

n % n %

Warming cycles: 50 213

Patients: 46 151

Mean patients age±SD (years): 33.7±4.0 33.2±5.0

Warmed embryos: 63 373

Transferred embryos 46 336

Mean embryos TF/cycle±SD: 1.2±0.4 1.6±0.6

Lost embryos: 1 1.6 % 16 4.3 %

Survival: 47 75.8 % 345 96.6 %

Transfers: 39 78.0 % 204 96.0 %

Positive βHCG/Transfer: 22 56.0 % 62 30.4 %

CP/Transfer: 17 43.6 % 47 23.0 %

IR: 18 39.1 % 52 15.5 %

TFs with live births: 10 25.6 % 30 13.7 %

Cycles with live births: 10 20.0 % 30 13.1 %

Babies born: 10 30a

Ongoing pregnancies: 1 2
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effects. In mice, extended culture has been associated with
epigenetic modifications, but not yet in humans [25].

Poor prognosis patients with few or poor quality embryos
should maybe benefit from a day 3 transfer. Indeed, transfer
cancellations are extremely disappointing and are also known
to contribute to patient drop-out.

This study has several limitations, on the one hand, data
was analyzed retrospectively and day 3 and 5 warming cycles
were not randomized. On the other hand, good quality day 3
embryos were vitrified in contrast to blastocysts which were
obtained from fair to poor quality day 3 embryos.

Despite these limitations, we observed that supernumer-
ary average quality day 3 embryos should be given a second
chance to be selected for cryopreservation. If blastocysts are
obtained and survive vitrification, there is a good chance of
implantation thus reducing embryo wastage.

Acknowledgments We thank the rest of our IVF team who partici-
pated in the clinical work of this study.
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