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Which embryo selection method should be offered to the patients?
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Despite the vast improvements of assisted reproduction, IVF
live birth rates have only slowly improved. Delayed childbear-
ing and the well-known negative effect of age on reproduction
is one likely explanation. Another often cited explanation is
that we still cannot choose with high accuracy the embryo
with the highest implantation potential for transfer.

Various technologies (metabolomics, proteomics, time-
lapse algorithm-based selection (TLM), preimplantation ge-
netic testing for aneuploidy (PGT-A)) have been evaluated
as tools to improve embryo selection [1]. TLM has received
much attention in recent years. While only a few randomized
controlled trials have been published assessing TLM’s bene-
fits (11 clinical trials listed on Pubmed from the past 8 years),
far more reviews, meta-analyses and commentaries (4 times as
many) have been published on it. Reviews, expert opinions,
and meta-analyses often come up with conflicting conclusions
leaving clinicians in a difficult position when couples need to
be counseled [2, 3].

There are multiple reasons for conflicting opinions. It is
always said that a review or meta-analysis is only as good as
the studies it is based on. The TLM studies in the literature are
the perfect example why it is almost impossible to come up
with a good meta-analysis. The various RCTs (randomized
controlled trials) enrolled rather heterogeneous patient popu-
lations. Culture conditions have not been standardized (culture
medium, O2 concentration) and even within an RCT, the con-
ditions under which experimental and control embryos are
cultured could differ. Due to technical differences in the equip-
ment, it is also hard to compare the various time-lapse sys-
tems. The day of embryo transfer and the number of embryos

transferred in many of the studies are not similar either.
Zaninovic et al. in their retrospective analysis tried to control
as many confounding variables as possible (culture conditions
similar though different culture media used; Embryoscope
was used by both centers; two sets of analysis, one with day
3 development and single embryo transfer, one with day 5
development) but the oocyte source was still heterogeneous
(autologous vs. donated oocytes) that may limit the generaliz-
ability of the results [4].

Time-lapse monitoring is claimed to have at least two ad-
vantages over Bstandard^ embryo culture. It provides undis-
turbed culture conditions and significantly more embryo obser-
vation points. These multiple observations allow us to build
algorithms that may be predictive of clinical outcome after
the transfer of the selected embryo. However, the different
studies use different algorithms. Some use only early kinetic
markers. Others use both early and late kinetic markers and yet
others add morphology to the kinetic markers as well. Finally,
the different studies use algorithms to predict various clinical
outcomes. Therefore, it is not surprising that meta-analyses
published within one year of each other, which base their find-
ings on only slightly different RCTs after including-excluding
certain studies for various issues, draw opposing conclusions
[2, 3]. Zaninovic et al. studied the correlation between a few
early kinetic markers and implantation/blastocyst formation
using two datasets. They measured receiver operator character-
istic curve (ROC) and area under the curve (AUC) to measure
how good the correlation was between these markers and end-
points. They obtained similar distribution of the data in the two
clinics and the kinetics of early events tended to fall within
similar time ranges. However, the predictive ability of the stud-
ied parameters was relatively poor as the AUCs fell in the 0.5–
0.6 range. The combination of various parameters to provide an
algorithm to improve the predictive value was not studied.

As mentioned above, multiple algorithms have been pro-
posed by the different research groups. However, external
validation has not been able to reproduce their predictive pow-
er [5]. Petersen et al. have proposed a universally applicable
algorithm, but their results have not been reproduced by others
[6]. It has been suggested that local, clinic-specific algorithms

* Peter Kovacs
peterkovacs1970@hotmail.com

1 IVF Center, Kaali Institute, Istenhegy ut 54/a, Budapest 1125,
Hungary

2 Division of Reproductive Endocrinology And Infertility, Department
of Obstetrics & Gynecology and Women’s Health, Albert Einstein
College of Medicine/Montefiore Medical Center, Bronx, New
York, NY, USA

Journal of Assisted Reproduction and Genetics (2019) 36:603–605
https://doi.org/10.1007/s10815-019-01443-8

http://crossmark.crossref.org/dialog/?doi=10.1007/s10815-019-01443-8&domain=pdf
http://orcid.org/0000-0002-5249-4466
mailto:peterkovacs1970@hotmail.com


should be prepared. As a result, this technology becomes less
attractive to smaller to medium size clinics with fewer cycles
as they will need significantly more time to generate enough
data to develop proper algorithms. Furthermore, it is not
known how many algorithms we need to build. Can one al-
gorithm fit all patients or should various subgroups (advanced
vs. younger age, high vs. low BMI, male factor vs. non-male
factor, etc.) be studied separately? Zaninovic et al. speculate
that the timing differences obtained in the two clinics may be
due to age differences of the patient populations. In one set of
analysis, however, implantation data is not known as blasto-
cyst development was studied as endpoint. In the second set of
analysis, implantation was selected as endpoint and miscar-
riage rates are not known. Therefore, we still do not know
whether embryos identified by the selected markers will result
in a healthy live birth or whether the embryos identified are
indeed healthy or not.

Are we expected to see a difference in the kinetics of the
development of a healthy embryo obtained from younger
women as compared to a healthy embryo obtained from older
women when culture conditions are standardized? It is known
that aneuploid embryos follow a less strict division pattern,
but do healthy embryos follow a more predictable pattern
regardless of patient characteristics? Is this not what we do
with measurements in medicine? As an example, we establish
normal ranges for lab values and we apply those to men,
women regardless of age. Can we establish normal and abnor-
mal kinetic ranges based on euploidy using standardized cul-
ture conditions (at least temperature, pH, gas concentrations
should be standard) that are independent of patient character-
istics? Accordingly, it would be of interest to evaluate findings
of a study in which time-lapse kinetic parameters of confirmed
euploid and aneuploid embryos are compared in different pa-
tient groups. If under standardized culture conditions univer-
sal time-lapse kinetic differentiation could be established, then
clinic specific time-lapse parameters would not need to be
built and the system would be ready to use.

PGT-A is a competing technology with a similar aim, i.e.,
improving embryo selection for transfer. Unlike TLM, PGT-A
is an invasive technique, often requires elective cryopreserva-
tion, off-site testing, and delayed transfer due to the pending
biopsy results. The technology is not error free and may result
in the loss of embryos that otherwise may have been able to
implant and develop into a healthy fetus [7]. Not surprisingly,
results in support of PGT-A mostly come from centers with
high level expertise in the technological aspects and with an
outstanding cryopreservation program. Their results cannot be
applied to centers with less expertise in embryo biopsy and
processing and less successful cryopreservation programs.
The application of PGT-A is further complicated by the
often-challenging interpretation of mosaic results.

Both TLM and PGT-A are now said to be tools to rank
embryos and determine which one to transfer in order to

achieve success. However, success can also be defined in
manyways. Themost widely accepted definition of successful
IVF treatment is the live birth of a healthy, full-term singleton
after the transfer of all embryos created (fresh and frozen,
preferably one at a time). If we accept this definition, then
none of the currently available technologies can improve the
outcome, i.e., live birth. This is true for morphology-based
selection too, as it also prioritizes certain embryos for transfer
and excludes others from being transferred. Selection based
on morphology may also erroneously exclude embryos from
transfer or cryopreservation. Loss of Bviable^ embryos may
occur with any of these techniques. Embryo selection tools
may influence the order in which the embryos are chosen for
the transfer and hence could have significant clinical conse-
quences. They may reduce the time to pregnancy and there-
fore decrease drop-out from treatment as well as diminish
pregnancy loss rates.

Cost-effectiveness with TLM or PGT-A is yet another fac-
tor that has been poorly studied.

In the end, the question remains what should clinicians tell
their patients? We need to explain that we do not have perfect
tools to identify the embryo with the highest implantation
potential yet. We have tools that may change the order in
which the embryos are transferred but these technologies will
not improve the outcome per treatment started. However, they
are likely to lead to live birth sooner and may lower the risk of
spontaneous abortion. This comes at the risk of potentially
losing a small proportion of embryos along with the possibil-
ity of additional financial expenses. We should only offer
these add on technologies after proper counseling and with
the appropriate indication.

When it comes to TLM, further RCTs are needed that com-
pare TLM to other embryo selection/ranking tools (standard
morphology, PGT-A) using similar culture conditions and
proper clinical aims (time-to pregnancy, pregnancy loss rate,
drop-out rate from treatment, cost-effectiveness). It also
should be evaluated whether truly universally applicable algo-
rithms that are independent of patient factors (differentiate
healthy from non-healthy embryos) could be built when cul-
ture conditions are standardized with the aim to further in-
crease the proportion of single embryo transfer cycles.

Finally, once we have mastered embryo selection, we must
address further issues as implantation is not all about the em-
bryo. The significance of transfer technique, endometrial re-
ceptivity and embryo-endometrium interaction need to be bet-
ter understood to maximize the chance of success during IVF.
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