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study question: Is there an association between blastocyst collapse patterns and implantation potential?

summaryanswer: Embryos that exhibit collapse are as likely to hatch as those that do not, but are less likely to implant and should not be
replaced if alternatives are available.

what is known already: Studies of blastocyst collapse in different species of mammals have found that most blastocysts, that experi-
ence consecutive weak contractions, hatch successfully whereas those that exhibit strong contractions or collapse, fail to hatch.

study design, size, duration: Retrospective cohort study. Seven hundred and fifteen transferred blastocysts were analyzed from
July 2012 to May 2013.

participants/materials, setting, methods: University-affiliated infertility center. Participant patients were recipients of
oocyte donation and autologous IVF cycles (n ¼ 460). Embryo development was analyzed with a time-lapse imaging system. Variables studied
included blastocyst collapse (defined as the separation of ≥50% of the surface of the trophectoderm of the blastocyst from the zona pellucida),
kinetic variables, embryo morphology, implantation and clinical pregnancy rates.

main results and the role of chance: A total of 139 blastocysts presented collapse (19.4%), of these 8 presented 2 collapses
and 2 presented 3 collapses. The timings of embryo cleavages and the time taken to reach the morula stage and blastulation were significantly
shorter in embryos with collapse than in those without. Implantation rates were compared in cycles where either all or none of the embryos
replaced, implanted so that implantation data were known for every embryo. Among 408 embryos without collapse and 94 embryos with at
least one collapse (94) the implantation rates were 48.5% (95% confidence intervals (CI) 46.7–53.4%) and 35% (95% CI 25.3–44.9%), respect-
ively. The percentage of embryos that hatched was similar in both groups 28.7 and 31%, respectively.

limitations, reasons for caution: The retrospective nature of the study limits its potential value.

wider implications of the findings: Study the collapse pattern of the blastocyst, may assist selection of the blastocysts most
likely to implant and increase IVF/ICSI success rates.

study funding/competing interest: this work was supported by the Spanish Ministry of Economy and Competitiveness (PI14/
00523) through Instituto de Salud Carlos III program. None of the authors have any economic affiliation with Vitrolife nor any other conflicts of
interest.
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Introduction
The reliable selection of viable embryos for transfer is a key factor for the
success of IVF. However, the attributes of ‘optimal embryos’ and the
methods used to identify the embryos with a high development potential
are still unknown entities. Extended in vitro culture and blastocyst transfer
have emerged as useful procedures in assisted reproduction and permit
the selection of embryos at more advanced stages of development,
where the surviving embryos are more likely to produce a successful
result. A review by Blake et al. (2007) concluded that there were signifi-
cant differences in live birth rates in favor of the blastocyst transfers (Day
5/6) compared with transfers of cleavage stage embryos (Day 2/3). It
has been suggested that blastocyst culture can be used as a tool to
select the most viable embryos in a cohort so that fewer embryos
need be transferred to maintain a good pregnancy rate and the preva-
lence of multiple gestations would be decreased. Therefore, evaluating
the ability of a zygote to reach the blastocyst stage in vitro can be consid-
ered equivalent to the natural selection of embryos, although the ability
of the zygote to merely form a blastocyst does not necessarily reflect the
ability of the embryo to implant and develop successfully to a live born
baby.

Embryo development is a dynamic process in which embryo morph-
ology changes significantly over a time span of only a few hours
(Lemmen et al., 2008). Conventional grading practices with a limited
number of observations may not detect subtle differences between indi-
vidual embryos, such as the timing of progression from one cleavage div-
ision to the next (Arav et al., 2008).

The goal of IVF is to transfer just a single embryo after in vitro culture
using safe technologies that will result in a healthy baby. Continuous
embryo monitoring by time-lapse video systems during in vitro develop-
ment provides the data necessary to obtain a complete picture of the
kinetic parameters characterizing embryo development. Recently,
Cruz et al. (2012) and Wong et al. (2010) found that development of
human embryos to the blastocyst stage was linked to key timings in
early embryo development, like the duration of the first cytoplasm cleav-
age from one to two cells (cytokinesis), and the length of the interval
between divisions in the first stages of embryonic development. The
study of Wong found that successful development to the blastocyst
stage could be predicted with remarkable accuracy from the timing of
the early cleavage of the embryo. However, none of the embryos
studied in Wong′s paper were transferred, and no information about im-
plantation was provided by Cruz et al., so whether or not embryos with
the proposed optimal chronology of development would have implanted
more efficiently than their siblings is unknown.

As the popularity of blastocyst culture increased, so did the need for a
morphological scoring system. The blastocyst grading system (Gardner
et al., 2000) was quickly adopted by the majority of IVF laboratories. Al-
though the system does not cover all aspects of blastocyst morphology,
especially aberrant morphology, it has been very useful in classifying the
degree of blastocyst expansion as well as the morphological appearance
of the inner cell mass (ICM) and the trophectoderm (TE) cells. The Istan-
bul consensus document (Alpha Scientists in Reproductive Medicine and
ESHRE Special Interest Group of Embryology, 2011) is mainly based on
Gardner et al.’s system, with minor exceptions.

Gardner et al.’s system describes the morphology of the blastocyst,
the extent of blastocoel expansion, structure of the TE and ICM, as
well as other morphological features such as thinning of the zona

pellucida in the expanded blastocyst (EB) and the TE starting to herniate
though the zona during hatching of the blastocyst (HB) (Gardner et al.,
2000).

Blastocoel formation is created over and done with a secretion
from the morula cells and this minor cavity is subsequently maintained
and enlarged by the activities of the membrane channels such as the
Na+/K+-ATPase enzyme, which increases the salt concentration
within the embryo, attracting water through osmosis (Watson et al.,
2004). This augmented liquid pressure progressively increases the size
of the blastocoel from early to EB and finally hatching and hatched blas-
tocysts. During the formation and expansion of the blastocoel, the
increased fluid is done together with larger number of cells, and the com-
bination of these two features enlarge the blastocyst and produce the
thinning of the zona pellucida and the final hatching of the blastocyst.

The collapse of blastocysts is a phenomenon of contraction caused by
an efflux of blastocoel fluid because of loose cell bindings in the TE.

The mechanism for blastocoel collapse and recovery of TE rupture in
vitro is unclear. When blastocysts expand, fluid gradually accumulates in
the blastocoel-mediated by the sodium pump (Na+/K+-ATPase)
(Baltz et al., 1997), resulting in increased pressure on both the TE and
zona pellucida. In parallel, cells presented in the TE produce lysins that
are implicated in zona pellucida weakening and hatching. Expansion
and zona pellucida thinning occur in mammalian blastocysts prior to
hatching (Biggers, 1998). Collapse-expansion cycles, along with expan-
sion and zona pellucida thinning of blastocysts, have been recognized
by time-lapse cinematography (Glass et al., 1973; Gonzales and Bavister,
1995). Formerly to implantation, the mammalian embryo need to leave
behind its zona pellucida, put adjacent to the epithelial epithelium, and
make first contact with the uterus, this phenomenon could be related
to collapse-expansion cycles, mainly because the mechanism of zona
escape is not clear. Several studies reported in vitro zona escape after
blastocyst expansion and previously to zona pellucida stretching and
rupture, allowing the blastocyst to extrude in a characteristic ‘eight’
shape, the well-known ‘hatching’ process. This is followed by extrusion
of the embryo through the ruptured zona. Eventually, the empty zona
is left behind by the embryo, remaining largely intact with a distinctive
split delineating the original site of rupture. This sequence of events
during hatching in vitro has been described in numerous species, including
the mouse, pig, cow, monkey and human and mayberelated to blastocyst
collapse (Gonzales et al., 1996; Sireesha et al., 2008; Seshagiri et al., 2009;
Erbach et al., 2013).

The presence of collapse in mammalian blastocysts was first reported
by Lewis and Gregory (1929). They monitored cultured rabbit blasto-
cysts for 8 days by time-lapse micro cinematography, and they found
that the blastocysts repeatedly contracted and re-expanded during the
entire period, except for the stage of the early blastocyst.

In mice, early blastocysts have been reported to contract from 4 to 15
times during an 18-h culture, and to exhibit a stronger contraction (col-
lapse) that may eliminate the blastocoel occurs after three or four small
contractions (Cole, 1967).

Cattle blastocysts required 13–17 min to contract and 6–10 h for
re-expansion, and this was repeated up to three times before completion
of hatching (Gonzales et al., 1996). Some blastocysts in mice and cattle
have also been found to completely hatch with no contractions
(Massip and Mulnard, 1980).

By using a time-lapse monitoring system we have observed that many
of the human blastocysts that reach Stage 5 of development experience
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one or more collapses of the blastocoel cavity, producing a separation of
all or part of the TE cells from the zona pellucida.

In the present study, we propose to analyze blastocyst collapse in vitro.
Our intention is to determine whether blastocyst collapse influences re-
productive outcome and whether this phenomenon may serve for prog-
nostic purposes.

Materials and Methods
This retrospective research was conducted at the IVI in Valencia and Murcia.
All procedures and protocols were approved by an Institutional Review
Board (IRB reference 1405-VLC-022-MM, approval granted September
2014), which regulates and approves clinical use of IVF procedures for re-
search at IVI. Additionally, the project complies with the Spanish law govern-
ing Assisted Reproductive Technologies (14/2006).

A total of 715 transferred blastocysts wereanalyzed by time-lapse technol-
ogy for the various variables described below. We specifically looked for the
presence of blastocyst collapse.

We noted that the blastocyst can undergo blastocoel contraction in two
ways. In the first, which we will call collapse, we observed a separation of
more than 50% of the TE from the zona pellucida, while in the second,
which we will call weak contraction, there was either no separation of the
TE, or the separation from the zona pellucida was ,50%.

A total of 460 consecutive patients were included in the retrospective ana-
lysis from July 2012 and May 2013. Blastocyst transfer was scheduled for Day
5 (�120 h) of development.

Embryo implantation was confirmed by an ultrasound scan for gestational
sacs with fetal heartbeat after 7 weeks of pregnancy.

Embryos from treatments where the number of gestational sacs with fetal
heartbeat matched the numberof transferred embryos, or where none of the
transferred embryos implanted were further analyzed for implantation.
These embryos were defined as known implantation data (KID) (Alikani
et al., 2000). Of the 715 blastocysts,94 KID embryos were from the collapsed
group and 408 KID embryos from the non-collapsed group. Cycles with
partial implantation (n ¼ 213 embryos) were excluded from the study
because it was not possible to determine which of the two transferred
embryos implanted and whether contraction had been present or not.

Oocyte retrieval and ICSI
Follicles were aspirated and the oocytes were washed in a HEPES medium
(LifeGlobal, Canada) and cultured using a fertilization medium (COOKTM,
Sydney, Australia) at 5.5% CO2, atmospheric O2 and 37.08C for 3 h
before oocyte denudation. Removal of granulosa cells from the oocyte
was carried out by mechanical pipetting in 1:1 hyaluronidase and global fer-
tilization medium (LifeGlobal) (final concentration of hyaluronidase of
40–80 IU/ml) prior to ICSI. The cryopreserved oocytes were vitrified and
warmed by the method described by Cobo et al. (2010). Prior to ICSI,
warmed oocytes were placed for 2 h in a standard incubator. Sperm were
analyzed for count, motility and concentration followed by a washing per-
formed in global fertilization medium, and ICSI procedures were performed
in global fertilization medium containing HEPES (LifeGlobal) (Meseguer et al.,
2006). Finally, the zygotes were placed inside a pre-equilibrated culture slide
(EmbryoSlide, Vitrolife, Aarhus, Denmark) containing 12 wells each of 20 ml
global medium with 1.4 ml overlay of mineral oil (COOKTM) to prevent evap-
oration. The slides were prepared 4 h in advance and left in the incubator to
pre-equilibrate at 5.5% CO2, atmospheric O2 and 37.08C.

Embryo culture
Slides containing zygotes were placed in the EmbryoScope (Vitrolife) imme-
diately after ICSI and incubated for 5 days. The embryo culture was

performed using sequential media until Day 3 in Cleavage Medium
(COOKTM), changing to new pre-equilibrated media in CCMTMmedium
(Vitrolife, Gothenburg, Sweden) on Day 3 of development; slides were incu-
bated at 5.5% CO2, atmospheric O2 and 37.08C. To determine the exact
timing of cell divisions, images of each embryo were acquired every 15 min
at resolution 1000 × 1000 pixels at seven different focal planes, starting
from the placement of the embryos in the incubator a few minutes after
ICSI until about 120 h after ICSI.

Embryo scoring and selection
Embryo morphology was evaluated at 48 (D2) and 72 (D3) hours post ICSI.
Evaluated parameters included cell number, symmetry and granularity, as
well as type and percentage of fragmentation, presence of multinucleated
blastomeres and degree of compaction as previously described by Meseguer
et al. (2011a). On Day 2, optimal embryos were defined as those with four
cells, ,15% fragmentation, high or moderate symmetry, and no multinuclea-
tion. On Day 3, they were defined as those with six or more cells and the
above-mentioned fragmentation and symmetry features (Bellveret al., 2010).

Embryo scoring and selection was performed by analysis of time-lapse
images of each embryo on an external computer with software developed
for time-lapse image analysis (EmbryoViewerTM workstation, UnisenseFerti-
liTech A/S, Aarhus, Denmark). Embryo morphology and developmental
events were annotated, including the precise timing of the observed cell divi-
sions in hours post ICSI. We used the hierarchical classification of embryos
described by Meseguer et al. (2011b).

Human blastocysts were scored on Day 5 (120 h; D5) according to the ex-
pansion of the blastocoel cavity and the number of cells and integrity of both
the ICM and TE. We defined the following groups: A, complete TE and
high-cell-number compact ICM; B, incomplete TE and several grouped
cells; C, few cells in TE or ICM (Meseguer et al., 2006). Optimal blastocysts
were those in the A or B groups.

Embryos were selected on Day 5 by using a hierarchical classification for
the embryos defined as morphologically optimal as described by Meseguer
et al. (2011b). In other words, we used firstly morphology to discard the
embryos with suboptimal morphology and secondly morphokinetics was
applied. Embryo morphokinetic categories were not used to decide the
number of embryos for transfer.

Time-lapse analysis and recording of kinetic
parameters
The exact times for each embryo division and developmental parameters
were calculated in hours post-microinjection. Time-lapse images of each
embryo were retrospectively analyzed using an EmbryoViewer software
workstation. Development markers included the cell divisions leading to
two cells (t2), three cells (t3) and so on until t8. We also described time of
formation of morulae (tM), which is defined as the point at which blastomere
shape was not visible and full embryo compaction was achieved, time of blas-
tulation (tB), the time frame before the zona pellucida starts to thin, so that
the blastocoel was as full as possible without causing any expansion/zona
thinning, and time of blastocyst hatching (tBHi) when the blastocyst starts
coming out of the protective zona pellucida. Images of these three steps
are indicated in Fig. 1.

Definition and measurement/annotation
of the contractions
To assess embryonic collapses, we used the ‘Embryoviewer’ drawing tools to
measurewhether≥50% of the surfaceof the TE was separated fromthe zona
pellucida. First, we draw a line through the embryo diameter divided the
blastocyst in two (Fig. 2A). This line allowed us to define 50% of the blastocyst
surface. Next, we drew over the surface of the contracted blastocyst and the
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inner surface of the zona pellucida so that we could visualize the surface
contact between them (Fig. 2B). The exact timing of each collapse and its dur-
ation (the time between TE separation from the zona pellucida and the recov-
ery of full contact) was measured in hours after ICSI. An example video is
presented as Supplementary Video S1.

Statistical analysis
The investigated embryos were divided into two groups according to
whether the blastocyst showed a collapse or not. The embryos were
further classified as described above. Analysis of variance ANOVA) was
used to test for significant differences in the mean times for embryonic
events between collapse and non-collapse blastocysts. Continuous data
were analyzed using ANOVA. Variables included in this study followed a
normal distribution. Chi-square tests were used to compare categorical data.

To confirm and quantify the crude two group analysis, the implantation of
all transferred embryos was fitted to a logistic regression with the following
covariates:

† Blastocyst collapse (Yes or No), class variable, two states
† Type of cycle (autologous or donation), class variable, two states
† Oocyte source (fresh or warmed), class variable, two states
† Blastocyst morphology (Optimal or Not), class variable, two states
† Blastocyst hatching (Yes or No), class variable, two states.
† The age of the patient or donor at the time of transfer, continuous variable,

measured in years.

Results
The total number of transferred blastocysts analyzed were 715, of which
139 (19.4%) presented with a blastocyst collapse, 8 presented with 2 col-
lapses and 2 presented with 3 collapses.

Descriptive characteristics of the patients who did or did not present a
blastocyst collapse in their transferred embryos are described in Table I.
None of the parameters showed significant differences between the two

Figure 1 Images of the three late morphokinetic events recorded in the time-lapse system. Morula formation (tM), blastulation (tB) and blastocyst hatch
(tBH).

Figure 2 Drawing tools used with Embryovieverw for blastocyst collapse evaluation. First we draw a line across the embryo diameter that splits the
blastocyst in two (A). We then outline the two circumferences that define the surface of the contracted blastocyst and the inner surface of the zona
pellucida (B).

2504 Marcos et al.
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groups studied except that morewomen who received embryos that had
exhibited collapse used donor eggs 71.6 versus 51.9%.

IVF laboratory parameters are described in Table II. Of these para-
meters, only the number of embryos transferred was significantly
higher for the patients who had at least one embryo that had exhibited
collapse transferred.

A comparison between the morphological features of embryos trans-
ferred according to whether or not they had exhibited collapse embryo

collapse is shown in Table III. There was no association between blasto-
cyst collapse and standard morphological evaluations. The hatching rate
of blastocysts was not statistically different between those with or
without a collapse (31.4 versus 28.7%, respectively).

Table IV describes the averages of the timings of embryo cleavages for
each group of patients. The average values show significant differences
between embryos with and without collapse for the parameters t2, t3,
t4, tM and tB. Embryos that did not collapse were significantly slower

.............................................................................................................................................................................................

Table I Descriptive characteristics of patients who had at least one transferred blastocyst with a collapse compared with
those who did not (n 5 460).

No collapse (n 5 344) Collapse (n 5 116) P

Age of patients who used their own eggs (years) 37.9 (37.4–38.5) 38.6 (37.7–39.5) 0.264

Donor age (years) (n ¼ 261) 29.4 (28.8–30.0) 28.4 (27.4–29.3) 0.071

BMI (kg/m2) 23.1 (22.7–23.5) 22.7 (21.8–23.5) 0.350

Controlled ovarian stimulation (COS) protocol

Long GnRH agonist (%) 51.1 (45.8–56.4) 56.0 (47.0–65.0) 0.166

Short GnRH antagonist (%) 48.9 (43.6–54.2) 44.0 (35.0–53.0)

Total dose of FSH (IU) 1528 (1432–1624) 1602 (1349–1855) 0.524

Total dose of hMG (IU) 979 (882–1076) 888 (685–1091) 0.397

Duration of COS (days) 13.1 (12.6–13.7) 14.1 (13.1–15.0) 0.110

Estradiol at ovulation induction (pg/ml) 1861 (1617–2105) 1536 (1213–1859) 0.204

Ovulation inductiona (%)

rhCG 70.4 (68.2–72.5) 73.2 (69.6–76.6) 0.312

GnRH agonist 29.6 (27.5–31.8) 26.8 (23.4–30.4)

Duration of infertility (years) 3.1 (2.8–3.4) 3.3 (2.7–3.9) 0.453

Oocyte donation cycle (%) 51.9 (46.6–57.2) 71.6 (63.4–79.8) ,0.001

Female diagnosis (%)

.38 years 43.7 (41.1–46.2) 45.8 (44.5–47.1) .0.05

Poor oocyte quality/low response 45.6 (43.0–48.2) 43.4 (42.1–44.7)

Endometriosis 6.6 (5.3–7.8) 5.7 (5.1–6.3)

Genetic/chromosomal 4.3 (2.9–5.7) 4.1 (3.5–4.7)

Sperm quality

Concentration (106/ml) 41.6 (37.87–45.26) 42.0 (34.54–49.40) 0.916

% Sperm progressively motileb 36.6 (31.70–41.47) 29.3 (21.81–36.76) 0.111

Unless otherwise stated data are means (95% confidence intervals).
aIn short GnRH antagonist protocols. hCG was always used in the long protocol.
bWHO Grades A and B.

.............................................................................................................................................................................................

Table II IVF laboratory parameters for patients who had at least one transferred blastocyst with a collapse compared with
those who did not.

No collapse (n 5 344) Collapse (n 5 116) P-value

Retrieved oocytes 12.7 (12.0–13.3) 13.0 (12.1–13.8) 0.664

Metaphase II oocytes 10.35 (9.90–10.80) 10.6 (9.9–11.3) 0.581

Vitrified oocytes (%) 23.3 (21.1–25.4) 24.4 (23.3–25.5) 0.377

Embryos transferred 1.51 (1.45–1.57) 1.70 (1.61–1.78) 0.001

Cryopreserved embryos 3.59 (3.32–3.87) 3.30 (2.92–3.68) 0.254

Data are numbers (95% confidence intervals) unless stated otherwise.

Blastocyst contraction and implantation potential 2505
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than those that did. The timings of the collapses were also analyzed.
The average timings were not significantly different (P ¼ 0.408)
between embryos that implanted (109.0 h) and those that did not
(110.9 h). The duration of the collapse (time from start of contraction
until all TE s again in contact with zona pellucida) was 1.67 h (95% CI
1.31–2.01 h). This value did not differ significantly between those col-
lapsed embryos that finally implanted or not, 1.50 versus1.88 h, respect-
ively (P ¼ 0.290). Similarly, there was a trend that good quality D3
embryos had shorter durations of collapse than others 1.53 versus
2.32 h, (P ¼ 0.15), although again this didn’t reach statistical significance.

Only four cases of direct cleavage embryoswere observed, all were in the
no collapse group.

The results described in Table V compare patients who received a col-
lapsed blastocyst with those that did not. There is a significant reduction
in the implantation potential for blastocysts with at least one collapse
compared with blastocysts transferred without any collapse (35.1 and
48.5%, respectively; P ¼ 0.019). Two hundred and two blastocysts
were transferred prior to expansion (28.3%) of which 26 presented a col-
lapse (12.9%), while 513 embryos were transferred after expansion of
which 113 (22.0%) had experienced a collapse. The increase in collapse
in the expanded group was significantly different (P , 0.05). A logistic re-
gression analysis was performed on ongoing pregnancy rate (OPR) to
account for the effect of the possible confounding factors listed in Mate-
rials and methods section. The final results aregiven in Table VI. Of the six
covariates collapse, type of the cycle (donor autologous) and maternal
age had a significant effect on the results. Taking into account these
other covariates the odds ratio (OR) for the implantation of the blasto-
cysts in the collapse group versus the non-collapsed group was 0.55 (95%
CI 0.32–0.94).

Discussion
The aim of our study was to investigate whether the collapse of a blasto-
cyst could be a predictive marker for embryo implantation. The presence
of collapse of the blastocyst, recorded when more than 50% of the
surface of the TE contracted from the zona pellucida, was not related
to other morphological features of the embryo but was associated
with morphokinetic timings. Embryos that did not exhibit collapse had
significantly delayed development, specifically to t2, t3, t4 and tB com-
pared with those which underwent blastocyst collapse.

Whether due to these morphokinetic changes or not, undergoing col-
lapse decreased the implantation potential of the blastocysts transferred.
However the timing of the start of the collapse occurs did not affect the

........................................................................................

Table III Morphological features of embryos that
presented at least one collapse at blastocyst stage
compared with those that did not (n 5 715).

No collapse (576
embryos)

Collapse (139
embryos)

P

Number of cells
(Day 2)

3.9 (3.9–4.1) 4.0 (3.9–4.1) .0.05

Fragmentation
(Day 2)

4.9 (4.4–5.5) 4.7 (3.8–5.7) .0.05

% Optimal
embryos (Day 2)

74.1 (70.5–77.7) 84.2 (78.1–90.2) .0.05

Number of cells
(Day 3)

8.7 (8.3–9.1) 9.1 (8.4–9.8) .0.05

Fragmentation
(Day 3)

5.5 (4.8–6.2) 5.3 (4.4–6.2) .0.05

% optimal
embryos (Day 3)

80.9 (77.7–84.1) 83.3 (77.1–98.5) .0.05

% optimal
blastocyst (Day 5)

71.7 (68.0–75.4) 77.8 (70.9–84.7) .0.05

% hatching
blastocyst (Day 5)

28. 7 (25.0–32.4) 31.4 (23.7–39.1) .0.05

Data are means (95% confidence intervals) unless stated otherwise.

........................................................................................

Table IV Morphokinetic parameters of the study
groups.

Not collapsed (576
embryos)

Collapsed (139
embryos)

P

t2 26.9 (26.2–27.6) 25.4 (24.7–26.1) 0.003

t3 37.7 (36.9–38.5) 36.4 (35.6–37.3) 0.037

t4 39.3 (38.5–40.0) 37.9 (36.9–38.9) 0.028

t5 51.7 (50.3–53.0) 50.8 (49.2–52.5) .0.05

t6 54.5 (53.3–55.8) 53.4 (51.7–55.0) .0.05

t7 57.3 (55.8–58.7) 56.1 (54.2–58.1) .0.05

t8 61.5 (59.5–63.4) 60.9 (58.2–63.6) .0.05

tM 86.3 (84.3–88.4) 80.9 (78.3–83.4) ,0.001

tB 101.9 (99.8–104.0) 98.0 (95.7–100.2) 0.013

tBH 113.7 (111.9–115.5) 112.1 (108.2–116.1) .0.05

Values presented are cleavage times (t; h) (95% confidence intervals) from a zygote to
an n-cell embryo (where n ¼ 2, 3, 4, 5, 6, 7, 8). We also included tM (compaction), tB
(time of blastocyst formation) and tBH (time of blastocysts hatching).

........................................................................................

Table V The pregnancy outcome of patients, who had a
collapsed blastocyst transferred compared with those
that did not.

Not collapsed
(342 patients;
408 embryos
transferred)

Collapsed (82
patients; 94
embryos
transferred)

P

Implantation rate 48.5 (43.6–53.4) 35.1 (25.3–44.9) 0.019

Pregnancy + test
rate

66.9 (61.9–71.9) 61.0 (50.4–71.6) .0.05

Clinical
pregnancies

59.6 (54.4–64.8) 50.0 (39.2–60.8) .0.05

Clinical
miscarriage rate

9.4 (6.3–12.5) 8.5 (2.5–15.5) .0.05

Ongoing
pregnancy rate

50.3 (45.0–55.6) 41.5 (30.8–52.1) .0.05

Only cases in which none or all of the embryos transferred implanted are included
since only these have known implantation data (KID) of 460 patients. Four hundred
and twenty-four out of 460 patients presented KID. For pregnancy and miscarriage
only pure transfers (i.e. either all or none of the transferred embryos presented
collapse) were included. Data are % (95% confidence intervals).
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outcome although therewasa statistically non-significant trend for longer
durations of collapse to be associated with a decreased implantation rate.
Larger studies are needed to confirm if this preliminary observation
reaches statistical significance.

The mechanism for blastocoel contraction and recovery of TE rupture
in vitro is unclear.

Niimura (2003) established in mice that blastocysts suffering consecu-
tiveweakcontractions reached, mostly, the stage of hatching, while those
suffering strong contractions or collapse failed to hatch. They analyzed
contractions of cultured mouse blastocysts by time-lapse videomicrogra-
phy.The results revealed that blastocysts undergo repeated contractions
of different degrees during the expanded stage from 10 h after blastocoel
formation, and the number of contractions was greater during the hatch-
ing period than in the periods pre- and post-hatching. Their results
suggest that weak contractions (less than 20% by volume reduction)
play an important role in hatching, whereas strong contractions (20%
or more by volume reduction) have the effect of inhibiting hatching.
We have selected a threshold value of 50% instead of 20% for two
main reasons, first an strong contraction or collapse (.50%) would be
less subjective to evaluate, and secondly, if any reproductive conse-
quence is produced by this behavior it will be more noticeable. Interest-
ingly, with our approach, we have not found significant differences in
terms of hatching between the two groups, which means that in
human, collapsed blastocysts may not have hatching problems.

Our results show that in embryos cultured in vitro, collapse may
somehow be adversely linked to the implantation process, either by
affecting the embryo quality or by directly reducing its implantation
ability. Although it did not reach statistical significance there was a
trend for cycles where collapsed blastocysts were replaced to have
lower clinical pregnancy rates. Moreover, embryos classified as good
quality on Day 3 of development had shorter durations of collapse.
This difference did not reach statistical significance but lead us to the

thought that the collapse and its duration could have a negative impact
on the reproductive outcome of the embryos.

The statistical analyses used, have controlled the potential confound-
ing variables such as age, number of oocytes retrieved, embryo morph-
ology, type of cycle or oocyte source (vitrified/warmed oocytes), the
latter one already discarded by Cobo et al. (2010) in a randomized
control trial. A multivariable approach has been employed with a final re-
gression model that has quantified the effect of blastocyst collapse on re-
productive outcome. The molecular mechanisms associated with this
process are still unknown, but could be associated with mechanical
stress and an excessive energy consumption of the embryos that
would adversely affect their subsequent development.

These results suggest that embryos not exhibiting strong blastocyst
collapse should be preferred for transfer to increase implantation rates.

The intrinsic mechanisms of the process are still to be clarified but it is
possible to speculate that the collapse is a consequence of compromised
embryo viability arising from poor oocyte or sperm quality or adverse
culture conditions.

Several algorithms for embryo selection using time-lapse technology
have been established (Wong et al., 2010; Meseguer et al., 2011b; Dal
Canto et al., 2012; Campbell et al., 2013; Basile et al., 2014).
However, by taking advantage of automatic time-lapse technology, we
have demonstrated for the first time in humans a relationship between
blastocyst collapse and decreased implantation. We suggest it would
be advisable to include blastocyst contraction as an additional criterion
for selecting embryos for transfer.

Supplementary data
Supplementary data areavailable athttp://humrep.oxfordjournals.org/.
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Table VI Logistic regression analysis of embryo
implantation (presence of gestational sac and fetal heart
beat) as affected by blastocyst collapse, type of cycle,
oocyte source, age (of the woman who produced the
eggs), number of oocytes metaphase II and blastocyst
morphology and blastocyst hatching.

Model effect Values OR P-value

Blastocyst
collapse

Yes versus No 0.55 (0.32–0.94) 0.028

Number of MII
oocytes

n 1.01 (0.96–1.07) NS

Type of cycle Donation versus
autologous

2.19 (1.19–4.01) 0.011

Oocyte source Fresh versus
warmed

1.21 (0.72–2.04) NS

Age Years 0.93 (0.88–0.98) 0.006

Blastocyst
morphology

Optimal versus not 1.20 (0.73–1.99) NS

Blastocyst
Hatching

Yes versus No 1.22 (0.77–1.95) NS

OR is the odds ratio with 95% confidence intervals in brackets.
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