EJMT 1(2) 2014 • Najnowsze technologie medyczne

Time-lapse embryo imaging as
a new approach to the embryo
selection
Monitorowanie embrionów w czasie
rzeczywistym jako nowa metoda
wyboru zarodków w IVF
dr n med. Artur Wdowiak,
Anita Wdowiak, Magdalena Stec,
Michał Stec, Noemi Studzińska

European Journal
of Medical Technologies
2014; 1(2): 22-28
Copyright © 2014 by ISASDMT
All rights reserved
www. medical-technologies.eu
Published online 24.01.2014

Laboratory of Diagnostic Procedures, Faculty of
Nursing and Health Sciences, Medical University,
Lublin, Poland

Streszczenie

Adres do
korespondencji:

Podwaliny procedur leczniczych IVF powstały ponad 30 lat temu dzięki pionierskiej pracy Edwards i Steptoe oraz innych zespołów na całym świecie. Obecnie
uważa się, że zastosowanie IVF jest rutynowym postępowaniem w wybranych
przypadkach. Odpowiednia ocena zarodków uzyskiwanych w tej procedurze
pozwala na wybranie tego, który najlepiej rokuje i ma największe szanse na
implantację. Same kryteria morfologiczne w pierwszych dniach hodowli zarodków nie są wystarczającym wykładnikiem na przewidzenie wystąpienia ciąży.
W ostatnich latach wprowadzono do użytku kilka systemów nieinwazyjnego
monitorowania wzrostu zarodków w czasie rzeczywistym. Korzystanie z tej technologii, polegającej na umieszczeniu kamery wewnątrz inkubatora, zapewnia maksymalne bezpieczeństwo prowadzonej hodowli zarodków. Dzięki obserwacji w czasie rzeczywistym embriolodzy są w stanie dokonywać lepszych
wyborów zarodka do transferu, zmniejszając jednocześnie ryzyko wystąpienia
aneuploidii. Najbardziej obiecującą strategią wydaje się obecnie połączenie
klasycznej oceny morfologii zarodka i kinetyki jego rozwoju przy użyciu kamery
umieszczonej w inkubatorze.
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Abstract
Clinical IVF treatment was established over 30 years ago through pioneering
work of Edwards and Steptoe as well as other teams around the world. Nowadays it is considered a routine treatment. Moreover, grading the embryo during
IVF may help to identify the embryos more likely to undergo the implantation.
Morphological criteria alone during the first days of embryo culture are weakly
predictive regarding both the embryo development as well as capability to procure a pregnancy. Several systems for time-lapse monitoring have been suggested as non-invasive methods for identifying the abilities of embryos. Using
time-lapse embryo monitoring system inside an incubator provides maximum
safety in the culture environment. The system allows observing all embryos
without any disturbance in incubation conditions or altering daily routine. Em- Key words:
bryologists are able to make more informed choices on the most viable embryo
to select for transfer and reduce the risk of selecting an aneuploid embryo. The embryo developmental
most promising strategy at present is the combined evaluation of morphology kinetics, IVF, time-lapse
and developmental kinetics using time-lapse imaging.

Introduction and objective
Clinical IVF treatment was established over 30 years
ago through pioneering work of Edwards and Steptoe
as well as other teams around the world. Nowadays
it is considered a routine treatment. Moreover, grading the embryo during IVF may help to identify the
embryos more likely to undergo the implantation. In
addition, many IVF clinics grade the embryos using
a scoring system. At the first stage (16-20 hours after micromanipulation), an evaluation of pronuclei is
performed, when unfertilized cells are rejected. After
the subsequent 24 hours, embryos are evaluated, taking into account their implantation capability, such
as pace of division, degree of fragmentation, presence
of a single nucleolus per blastomere, the same size of
blastomeres and symmetry in their positioning. Afterwards, embryos showing the best properties are
classified into the Class A, exhibiting the highest
reproductive potential. Whereas, embryos displaying slight deviations in the degree of fragmentation
(10-25%), symmetry and division pace are classified
into Class B. While significant and immense abnormalities in the structure of embryos are the causes for
classifying them into Classes C and D, respectively.
However, the presence of one or more single nucleo-

lus per blastomere results in upgrading the embryo’s
class by one position, on the other hand, the observation of two nucleoli in one blastomere brings about
downgrading of the embryo class by 2 positions.
Conventional methods of cell analysis, like fluorescent microscopy, are either destructive or highly invasive, making them impractical when studying the
development of cultured cells over time.
Morphological criteria alone during the first days
of embryo culture are weakly predictive regarding
both the embryo development as well as capability
to procure a pregnancy [1,2]. However, despite these
burdens embryos are still classified and chosen for
transfer with accordance to their morphological and
developmental scores. Embryos regarded as the most
suitable for a transfer are generally those exhibiting
precise evolutions of their in vitro growth observed at
fixed times: fertilization (observation of two pronuclei) at between16 and 18 h post insemination: syngamy at 23 h (± 1 h); early cleavage (26 h post ICSI and
28±1 h post IVF); day 2 cleavage at 44 h (± 1 h); day
3 cleavage (8 cells stage) at 68 h (± 1 h); morula stage at
92 h (± 2 h), and blastocyst stage at 116 h (± 2 h). These
standard checkpoints do not provide information on
particular cellular events, nor on the exact kinetic of
embryo development protruding between two micro-
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scopic observations. Moreover, with the conventional
embryo assessment, the embryos need to be removed
from the incubator and thus exposed to variability of
temperature and pH of culture medium. Theoretically,
by knowing the exact kinetic of development for each
embryo, the choice of embryos for transfer or for further in vitro culture ought to become more precise.
The aim of this study was to evaluate the usefulness
of time-lapse technology in the assessment of embryo.

Fig. 1.

Primo Vision EVO (Side View)

Abbreviated description
of the state of knowledge
What is more, several systems for time-lapse monitoring have been suggested as non-invasive methods
for identifying the abilities of embryos. The technology was tested for the first time in April 2011. Afterwards, first child was born with help from IVF embryoscope incubator in February 2012. Eventually, in
July 2012 the system was presented at ESHRE and in
November at the ASRM.
Using time-lapse embryo monitoring system inside
an incubator provides maximum safety in the culture
environment. The system allows observing all embryos
without any disturbance in incubation conditions or
altering daily routine. Additionally, the environment
of this method does not exhibit any kind of electromagnetic field effect, the embryos are not moved and
outstanding quality images are captured with minimal
light exposure by Hoffmann modulation contrast (Figure 1-3). Even more, embryos are precisely identified
and individually monitored. As a result of interaction
between embryos, enhanced embryo development can
be achieved. Several studies have proven that group
culture enhances embryo development.
The 9-well dish can contain up to 9 embryos from
one patient, while the 16-well dish can enclose up to
16 embryos. Software provides an easy and reliable
way to compare and analyze the development of embryos in a user-friendly environment. In addition, the
software can also create personalized reports for the
clinic which show the development path of transferred
embryos. Furthermore, the analyzer software allows
sharing results with colleagues and patients in a video
format.

Fig. 2.

Primo Vision EVO Complete Set

Fig. 3.

Primo Vision EVO In Your Incubator
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Fig. 4.

Evaluations can also be performed outside the lab,
through the remote access function making on-line
evaluations with colleagues or other professionals.
Moreover, the Viewer is available for iPad and can
easily be downloaded from iTunes (Fig. 4).
The technology of continuous embryo monitoring
has been defined in many articles as harmless both
in animal and human models [3,4,5,6] by reporting
the kinetic of human embryo development in the first
days [7] (Fig. 5-9). Continuous monitoring systems
have described morphokinetic parameters predictive
of: the competence of the embryos to implant when
transferred within the first three days of in vitro culture [8,9] and the consequences of in vitro culture
conditions on embryo kinetics [10,11,12]. All in all,
it is known that the gene expression conducts the embryo kinetic [12] but embryo kinetic itself is also associated with the environmental conditions [6].

Most scrutinizes published so far described one or
several particular parameters as time limit (mean or
median and standard deviation according to statistical analyses) against which the competence of the
embryo to continue its growth in vitro or to implant
is predicted. The application of those estimated time
limits (mean/median, ± standard deviation) exclude
for the clinical use those embryos with kinetic data
out of the calculated ranges but which still have the
capacity to develop and be implanted.
Chromosome anomalies (aneuploidy) are prevalent in human embryos and result in either IVF failure, miscarriage or the birth of children with chromosome disorders. Taking under consideration the frequency of Down syndrome, the trisomy of chromosome 21 is one of the mostly researched aneuploidy
in human beings (Down syndrome: 1/600–1/1000),
in 95% of the patients they possess an additional
chromosome 21, about 1% has mosaic, where others
possess an isochromosome 21 or the translocation
with the participation of the chromosome 21) [13].
Moreover, around 6%–10% of trisomy of chromosome 21 is caused by the mistakes in w spermatogenesis, wherein the ratio of errors in the first and second
meiosis (MI:MII) equals almost 1:1 [13,14]. However,
the paternal origin is assigned to the most of (> 50%)
trisomy of chromosome X or Y (6% cases 47,XXX; up
to 50% 47,XXY; 100% 47,XYY) [15,16]. The karyotype 24,XY is created as the result of nondisjunction
in the first meiosis (MI), whereas 24,XX or 24,YY in

Fig. 5.

Fig. 6.

iPAD 2

Single Emrbyo blastocyst

Single Emrbyo morula
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Fig. 7.

Fig. 8.

Fig. 9.

the second meiosis (MII). Moreover, paternal origin
is assigned to 60% triploidy (diandria = paternal origin triploidy) [17] and the majority, around 84% of
structural chromosome aberrations (85% cases od
partial deletion 18q; 80% cases of Wolf–Hirschhorn
syndrome (4p-); uo to 90% cases of the cri du-chat
syndrome (5p-) [15,18].

After IVF, it is imperative to try to detect aneuploid embryos in order to transfer an embryo with
a normal chromosome copy number (euploid) to
maximize the chances of a successful and healthy live
birth. Currently, the only option is to biopsy a cell
(or cells) from the embryo, and afterwards analyzes
them with complex and expensive genetic technology. Novel uninterrupted culturing methods using
the time-lapse monitoring now enable detailed observation of the each embryo via time-lapse photography during the whole culture period, for up to
6 days. This new technology permitted Campbell A.
et al. [19] to observe the development of human embryos in detail after IVF, providing analysis of complex patterns regarding cell division and cell movement (morphokinetics). As far as the new technology
is concerned, they demonstrated differences between
aneuploid and euploid embryos based on their morphokinetic patterns, whereby aneuploid embryos are
significantly delayed in reaching the later stages of
development, during days 4 and 5 in culture. They
postulate that, by using the unique, non-invasive
and specifically designed models or algorithms developed in this study, embryologists are able to make
more informed choices on the most viable embryo to
select for transfer and reduce the risk of selecting an
aneuploid embryo.
Thornhill A. in the letter to the editor of Human
Reproduction writes that Kirkegaard et al.’s [20] prospective study provides additional evidence that the
timing of early cleavage events can predict blastocyst
development, firstly established using cryopreserved,
donated embryos [21] and recently validated in
a large-scale multi-center prospective study with 1233
embryos from 160 patients [22]. Three specific timelapse parameters: duration of (i) first cytokinesis, (ii)
2-cell stage and (iii) 3-cell stage were identified in retrospective studies and prospective trials as enhancing blastocyst prediction [20,22]. Although Kirkega
ard et al.’s [20] model used direct cleavage (DC) to
3-cell instead of duration of 2-cell stage, the authors
acknowledged DC as ‘derived from duration of the
2-cell stage’ and concluded that duration of 2-cell
stage ‘holds predictive value’. Since reproducibility is
a cornerstone of scientific and clinical research, these
prospective studies demonstrate consistency in the
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predictive value of early time-lapse parameters for
blastocyst development. The authors tested whether
these timing parameters differed between implanted
and non-implanted embryos concluding that ‘timelapse parameters could not predict pregnancy’. However, the latter conclusion may be premature. First,
the authors state that their sample size (n Ľ 84) is ‘sufficiently large to test up to five parameters using the
targeted logistic regression approach’; an overstated
assertion since they failed to consider the low prevalence of a positive outcome (n Ľ 26 implanted embryos; 31%). According to the well-established 1-in-10
rule [23], at least 50 implanted embryos are needed to
test five parameters. In contrast, blastocyst prediction
analyses were based on a sample size of 571 embryos
with 140 high-quality blastocysts. Since the authors
conclude that time-lapse parameters cannot predict
pregnancy from an absence of statistical significance,
one must consider type II statistical error (i.e. failure to identify a difference when one exists). While
the authors have identified small sample size as a key
study limitation, this does not justify their overstated
conclusion. The emphasis in both the title and in the
discussion on prediction of pregnancy outcome is unwarranted given the lack of sufficient power to detect
a difference. Secondly, this study only included Day-6
blastocysts, a population which is undoubtedly different from embryos selected for transfer on Day-2, 3
or even 5. Any conclusions based on blastocyst transfers in general and Day-6 transfers in particular may
be irrelevant in many IVF clinics’ routine practice,
thereby missing the potential of time-lapse enhancing embryo selection when cleavage-stage transfer is
preferred. The limitations in sample size, population
and transfer day contribute to an inadequate study
design for testing the ability of time-lapse imaging
to predict implantation. On the basis of the work of
Conaghan et al. [22] it appears that a combination
of traditional embryo selection and time-lapse may
provide a more robust algorithm, something Kirkegaard et al. [20] did not consider and which may have
yielded better selection of embryos with potential to
implant. In Conaghan et al.’s [22] study, addition of
quantitative time-lapse information to traditional
Day-3 static morphology assessment significantly
improved the ability of experienced embryologists to

select which embryos would develop to blastocysts,
and reduced variability among embryologists. Further studies on embryo selection with time-lapse will
likely include a combination of embryo morphology and time-lapse, particularly for studies performing transfers at the cleavage stage. Kirkegaard et al.
[20] and Conaghan et al. [22] represent important
milestones toward larger well-designed randomized
controlled trials evaluating the clinical value of timelapse versus current embryo selection standards.
While Kirkegaard et al.’s [20] data support previously
published blastocyst prediction models, their study
was not powered to test the utility of time-lapse for
predicting implantation potential, making their final
conclusions unsupported and potentially misleading.

Conclusion
To summarize, the most promising strategy at present is the combined evaluation of morphology and
developmental kinetics using time-lapse imaging.
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