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Methods for Assessing Human Embryos to
Increase Reproductive Potential

Surayyo Yuldasheva

Absiract- The embryological stage of ART programs is one of
the most important, since the assessment of the quality of
oocytes, their fertilization and in vitro cultivation to the stage of
preimplantation embryos largely determines its success.
Morphological evaluation of embryos is the main method of
embryo selection. Time-lapse microscopy is one of the
modern methods of selecting a high-quality embryo for
transfer. In the analysis of many retrospective and prospective
studies, they emphasize the advantage and lack of differences
compared to traditional morphological assessment of the
quality of embryos Almost all publications devoted to time-
lapse microscopy have focused on determining the timing of
specific events of embryo division and then using this
information to create algorithms that help to select embryo for
transfer.

Keywords: assisted reproductive technologies, infertility,
elective blastocyst transfer, time-lapse microscopy.

l. INTRODUCTION

he process of morphological study of embryos is
one of the most important selection methods, the

results of which evaluate a whole group of
indicators, such as the number of blastomeres, the
proportion of fragmentation, the severity of compaction,
size and shape, as well as their correspondence to the
stage of development, the formation of the blastocyst,
the size of its cavity, the state of the internal cell mass
with trophoblast [1, 2]. An efficient method of embryo
selection is currently in high demand in this field, since it
is a method of selecting embryos that have the highest
potential for implantation [3]. The method of continuous
video surveillance allows the specialist to obtain a long
and detailed chronicle of the development process of
each individual embryo. In the process of development,
the embryo goes through several stages of
development, and the duration of each stage also
serves as a significant indicator of quality and potential,
which is characterized as developmental kinetics [4]. In
this regard, the introduction of time-lapse technology
made it possible for embryologists to arm themselves
with an effective tool for selecting promising embryos
[5].
The aim of the study is to develop an algorithm
for optimizing the in vitro fertilization program with a
differentiated approach to the use of time-lapse
technology or video surveillance of the development of
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embryos and artificial intelligence, which allow automatic
formation of the morphodynamical profile of a human
embryo based on video recording of the process of
cultivating a human embryo to the blastocyst stage.

[I.  MATERIALS & METHODS

The study was carried out on the basis of CJSC
Medical Company IDK (Samara, Russia) in the period
from 2016 to 2019. Human embryos were used in the
work, the study of which was carried out in compliance
with international ethical and legal standards for the
treatment of human embryos [Art. 18. Council of Europe
Convention for the Protection of Human Rights and
Dignity of the Human Being in the Use of Biology and
Medicine, 1997]. Permission for the use of embryos in
research was obtained from the Committee on Bioethics
at the Samara State Medical University (excerpt from
protocol No. 116 dated October 3, 2018) [6, 7]. Written
consent was obtained from the patients included in the
study to participate in the study. Exclusion criteria from
the study included all conditions in which it is necessary
to cancel the ET embryo transfer procedure in a cycle.
Examination of patients in the ART program included a
comprehensive examination, including the study of
anamnesis, gynecological examination, laboratory tests
and instrumental studies. ART was performed in
accordance with the accepted standards of medical
care in CJSC IDK Medical Company. Gametes and
embryos were identified under the control of a
stereomicroscope (Nicon, Japan). For incubation at 5%
02, COOK incubators (Australia) were used.

Transvaginal ovarian puncture was carried out
at 36-37 hours after the start of the ovulation trigger. The
identification of oocyte-cumulus complexes in the
follicular fluid was carried out using a Nikon
stereomicroscope (Japan), after which they were
removed with a sterile micropipette. The complexes
were washed and cleaned from liquid and blood using a
HEPES buffer solution (G-mops, Vitrolife, Sweden). After
counting the oocytes, they were transferred to special
cups with a central well (Nunc) containing G-IVF+
culture medium (Vitrolife, Sweden) for pre-incubation for
2-3 hours (conditions: CO2 - 6%, 02 - 5%, at a
temperature of 37°. After incubation, mechanical and
enzymatic removal of cumulus cells (denudation of
oocytes) was carried out. In this case, the complexes
were placed in a hyaluronidase solution for 30 seconds,
followed by washing from enzymes in a buffer solution
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by a mechanical method. 5-6-day old blastocysts were
examined according to a system based on classification
(D.K. Gardneretal.,, 1999) and the RAHR Guidelines
"Evaluation of oocytes and embryos" (Russia, 2021) [8,
9]. Over 100 cycles were analyzed using TimelLapse
technology. The video surveillance system for embryo
development included an incubator with an installed
video camera Embryovizor (Russia). Embryos were
cultured in special WOW dishes (Vitrolife, Sweden) in a
universal medium Continius Single Culture (Irvine
Scientific, USA) from 1 to 5-6 days of cultivation. There
were no specific criteria for selecting patients for culture
using this system [10]. The system has direct on-line
access. To assess the development of embryos from
days 1 to 5-6 of in vitro cultivation, the time of the first
cleavages, the time range between the first and second
cleavages, as well as the nature of cleavage
(morphokinetics), and the time of blastocyst formation
were taken into account. All of the above criteria served
as predictors of the selection of embryos for transfer
[11].

The criteria for elective transfer [12] of one
embryo on the 5th day (5eSET) were: the presence of
more than 2 embryos of excellent quality, the patient's
age is up to 35 years, and the absence of previous IVF
attempts in history. The criteria for selective single
embryo transfer (5SET) were: the presence of a scar on
the uterus after previous surgical interventions and other
clinical situations.

Obtaining and processing information about
human embryos was carried out in the laboratory of
assisted reproductive technologies (ART) of the IDK
Clinical Hospital of CJSC IDK Medical Company (Mother
and Child group of companies, Samara, Russia).
Graphic data and markup information have been
uploaded to the SberCloud cluster. A convolutional
network of neurons designed to differentiate embryos
based on multiclass division [13] was installed on the
Christofari supercomputer of the SberCloud cluster. To
standardize the description of the development of
human embryos cultured in vitro, we introduced the
concept of "Morphodynamic profile of a human embryo"
[14]. It includes a set of morphokinetic states identified
by us, located on the time scale in accordance with the
moment of their registration. All time cutoffs (points) are
given in chronological order relative to the moment of
fertilization.

I11. RESULTS & Di1sCUsSION

The cultivation of human embryos in vitro in the
practice of embryological laboratories is currently a
proven and standardized technique. The quality of
media, consumables, technical capabilites of
incubators make it possible to bring the conditions of
growth and development of embryos in vitro as close as
possible to natural conditions. Nevertheless, the
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problem of determining reliable predictors of the
developing embryo, which has the highest chances of
implantation, is extremely relevant. These aspects are
especially significant in order to safely and effectively
implement the strategy of transferring a single embryo
into the uterine cavity to prevent the development of
multiple pregnancies, the birth of premature and low
birth weight babies. In this regard, the development of
non-invasive technologies for ranking developing
embryos in order to select them for transfer to the
uterine cavity in a modern embryological laboratory is
extremely in demand. A special term was also
introduced — “morphokinetics”, which reflects the visual
fixed state of the human embryo. Successive stages of
the morphokinetic state constitute morphodynamics.

Monitoring the process of embryo development
makes it possible to fix various stages of morphokinetic
transformations, to establish the presence of
cytoplasmic and extracytoplasmic  structures -
multinucleation, fragmentation, vacuolization, etc., and
also to evaluate their contribution to the early
development of embryos [15, 16]. At present, it is
extremely important to identify the predictors of the
development of a competent embryo, which determine
its implantation potential [17]. Predictors in this case are
prognostic parameters, the evaluation of which together
serves as a method for differentiation and selection of
embryos. For non-invasive monitoring of the pre-
implantation development of human embryos, a multi-
gas incubator with a reduced oxygen concentration (5%)
with a video surveillance system Embryovizor
(Westtrade, Russia) was used [18]. This equipment
allows, without taking out a dish with developing
embryos, to evaluate the first cell divisions, to determine
the time intervals of embryo crushing, compaction and
formation of blastocysts, and also detects intracellular
changes [19].

During the analysis of video files, we can state
signs of normal - 2PN2PB or abnormal fertilization (3PN)
(Fig. 1, 2).



Figure 1: Human embryo of the 1st day of development Figure 2: Human embryo of the 1st day of development
at the 2PN2PB stage (zygote), magnification 200X. at the 3PN2PB stage, magnification 200X.

The second feature is reverse crushing. If it is  show the dynamics of the development of this process.
detected in the development of the embryo, this reduces  In the first case, the embryo, which began division from
its chances of implantation in the presence of others in  the three-cell stage, goes through the stage of reverse
which we have not recorded this feature (Fig. 3). The cleavage into the two-cell stage.
presented series of images show a series of frames that

Figure 3: Reverse crushing of human embryos 3-2, magnification 200X.

In the second case, a normally divided embryo passes into a four-cell stage and returns to a two-cell stage
(Fig. 4).

Figure 4: Reverse cleavage of 2-4-2 embryos, magnification 200X.

The appearance of multinucleation (several That is, if there are embryos of a comparable
nuclei in developing blastomeres) is also a reason to  organization, those that have reverse cleavage,
exclude embryos for transfer and cryopreservation if  multinucleation, play the role of a “reserve player” and
other embryos of comparable quality are available.
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are subject to cryopreservation and transfer to the
uterine cavity, if there are no other embryos.

Fragmentation - the appearance of nuclear-free
fragments - is a variable and relative sign. Distinguish
between small cell and cryocellular fragmentation. In
accordance with our proposed classification for
assessing the quality of developing embryos, the
presence of fragmentation up to 10% is not a factor that
reduces the competence of developing embryos.
However, in the presence of a higher level of
fragmentation, it can lead to its complete fragmentation
or stop in development.

To standardize the description of the
development of human embryos cultured in vitro,
together with the developers of the Embryovizor system,
the concept of "Morphodynamic profile of a human
embryo" was introduced. It includes a set of
morphokinetic states identified by us, located on the
time scale in accordance with the moment of their
registration. All time cutoffs (points) are given in
chronological order relative to the moment of
fertilization.

Table 2: Comparative characteristics of the indicators of the development of embryos obtained in the IVF program

IVF with Video IVF without Video IVF total
n=32 n=48 n=80
Average age of patients 32,6+2,8 33,4+3,4 33,132
Average attempts 1,72+0,46 2,23+0,47*** 2,03+0,53
Average years of infertility 5,566+1,01 5,63+1,16 5,6=+1,1
Average dose of FGS 1457,1+269,7 1573,8+328,4 1527,1+309,8
Medium Ml 6,5+1,48 5,69+1,19** 6,01+1,36
% fertilization 741+13,9 76,7+14,3 75,6141
% crushing 95,729 97,3+3,2** 96,7+3,2
% growth of doblastocyst 18,4+4.2 22,3+5,7*** 20,7+5,4
Freeze % 35+6,9 32,1+£5,8* 33,3+6,4
average embryonic tolerance 1,03+0,18 1,15+0,36* 1,1+0,3
HCG (+),% 36,76 42 57 4%** 40,2+7,5
Ultrasound, % 34,3+7,1 36+6,7 35,4+6,9
Cl, % 36,9+8,9 39,3+7,3 38,3+8
Multiple pregnancy rate 8,22+1,72 4,77+0,86*** 6,15+2,12

Note: *-p<0.05, **-p<0.01, ***-p<0.001 statistical significance in relation to IVF group with video.

The tables below show the main data on
embryo development indicators and their analysis in a
comparative aspect in groups with and without video
monitoring.

When comparing the data in this group, we see
that the indicators do not have a significant difference.
However, it should be noted that the hCG and
ultrasound values in the IVF group (with video) have a
minimal difference, which indicates the high quality of
the embryos that are cultured and selected for transfer
using video surveillance technology. The multiple
pregnancy rate, which is almost 2 times higher, confirms
this conclusion.
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When comparing the data in this group, we see
that the indicators do not have a significant difference. It
should be noted that the difference between hCG and
ultrasound in the ICSI group (with video) is smaller,
which indicates the high quality of the embryos that are
cultured and selected for transfer using video
surveillance technology. the lack of difference between
CNB and ClI indicates that all the embryos that gave
birth were implanted. Moreover, the average number of
embryos per transfer in this group is slightly lower than
in the ICSI group (no video). The multiple pregnancy rate
in the ICSI group (no video) is extremely high. This is a
risk group, since obstetric risks and the risks of giving
birth to premature and low birth weight children in this



group are extremely high. Attention should be paid to
this group and a more rigorous selection of embryos for
transfer should be carried out, while at the same time
reducing the number of transferred embryos.

When comparing the older age group in this
group, we see that the rates of growth to the blastocyst
in the IVF group with video have higher values. this
suggests that the continuous video surveillance and
culture system has a positive and no negative effect on
oocytes in older patients, whose oocytes are most
sensitive  to  environmental  fluctuations  (light,
temperature changes, CO2 levels, pH). Clinical
indicators: hCG 4+, CNB have a minimal difference,
which indicates the high quality of the embryos that are
cultured and selected for transfer using video
surveillance technology. The multiple pregnancy rate,
which is more than 2 times higher, confirms this
conclusion. Cleavage, Freeze, HCG+, CNB, Chi
indicators show the advantage of selecting 1 best
embryo using video surveillance. Most likely, this is due
to stable conditions and reduced stress during the
cultivation of embryos (no fluctuations in temperature,
pH). In the ICSI group, when taking one embryo (SET -
single embryo transfer) and transferring one best
embryo (eSET - elective single embryo transfer) on day
5, compared with the general sample, higher rates of
freezing, hCG+, ultrasound and Cl were found.

These data strongly demonstrate the advantage
of culturing embryos in a system with video surveillance.
The absence of negative influence of external factors
during cultivation, analysis of morphokinetics and more
objective selection of embryos for transfer contribute not
only to the formation of the most competent embryos,
but also allow to achieve higher clinical indicators of
CNB and CI [20].

In the study group, where TML was used, an
increased probability of pregnancy was established,
regardless of the option of embryo transfer: 5eSET -
70+8.5% and 5SET - 38.2+4.9%. In the study group,
where the traditional method of cultivation and selection
of the embryo was used, the pregnancy rate was 45%
higher in the sample in which the elective transfer was
performed: 5eSET - 55.6+6.7% and 5SET - 36.9+6.1%.

IV. CONCLUSION

According to numerous publications,
knowledge of the characteristics of the morphokinetics
of a developing embryo makes it possible in some
cases to predict its future fate. For example, the
presence of direct division of the zygote into three
blastomeres is an unfavorable marker and indicates a
high level of aneuploidy of such embryos, while reverse
division indicates a possible violation of cytokinesis. A
short interval between the second and third cleavage is
a prognostically favorable sign in the development of the
embryo and most often demonstrates a high level of

growth to the blastocyst stage. The fixed features of the
morphodynamic profile are factors in the ranking of
embryos and their selection for transfer and
cryopreservation.

Based on the data obtained, we can draw the
following conclusions:

1. Cultivation in an incubator with video surveillance
allows the formation of embryos with a higher
competence for implantation. In the study groups
using video surveillance, higher results of hCG (+) /
CNB were obtained and the difference between
these indicators is minimal, which indicates a high
quality of embryos that are selected for transfer (IVF
36.7 = 6% / 34.3 = 7.1 % with video surveillance
and 42.5+7.4%/36+6.7% without video surveillance
ICSI 30.1+6.6%/24.1+5% with video surveillance
and 35%+6.6%/ 25.3%x4.9% without video
surveillance).

2. In the group of older reproductive age (36+ years),
the time lapse technology demonstrates even
higher significance. The difference between
hCG(+)/CNB values 34.7+8.1%/30.5+4.6% is
minimal in the group with video surveillance. Most
likely, this fact is associated with the high sensitivity
of the oocytes and embryos of these patients to
adverse environmental factors and stress, the
implementation of which is reduced during
cultivation in an incubator with a video surveillance
system.

3. The fact of the highest rates of hCG (+) / CNB / ClI
70 = 8.5% /59.9 = 5.7% / 50.1 = 8.2% in the group
of elective single embryo transfer on day 5 (5eSET)
using video surveillance technology indicates the
high competence of these embryos.

4. Video surveillance technology for the development
of embryos can reduce the influence of the human
factor and increase the objectivity of assessing the
structure of embryos, improving their selection,
reducing the rates of multiple pregnancy.

REFERENCES REFERENCES REFERENCIAS

1. Ivanova O.V., Shurygina O.V., Rusakov D.Yu.
Bykova T.V., Petrova A.A., Yukhimets S.N., Kulakova
OV, Yuldasheva S.Z.  Evaluation of the
effectiveness of cryopreservation of human gametes
and embryos in programs of assisted reproductive
technologies. Morphological records. 2019; 27(3):
46-50. [lvanova O.V., Shurygina O.V., Rusakov D.Ju.
Bykova T.V., Petrova A.A., Juhimec S.N., Kulakova
O.V.,, Juldasheva S.Z. Ocenka jeffektivnosti
kriokonservacija gamet i jembrionov cheloveka v
programmah  vspomogatelnyh  reproduktivnyh
tehnologij. Morfologicheskie vedomosti. 2019;
27(3): 46-50.]

2. Armstrong S, Bhide P, Jordan V, Pacey A,
Marjoribanks J, Farquhar C. Time-lapse systems for

© 2022 Global Journals

E Year 2022

(E)



E Year 2022

(E)

10.

11.

12.

13.

14.

embryo incubation and assessment in assisted
reproduction. Cochrane Database Syst Rev 2019;
Cd011320.

Bortoletto P, Bakkensen J, Anchan RM. Embryo
transfer: timing and techniques. Minerva Endocrinol.
2018 Mar; 43(1): 57-68.

Brison DR, Roberts SA, Kimber SJ. How should we
assess the safety of IVF technologies? Reprod
Biomed Online 2013; 27: 710-721.

Coticchio G, Mignini Renzini M, Novara PV, Lain M,
De Ponti E, Turchi D, Fadini R, Dal CM. Focused
time-lapse analysis reveals novel aspects of human
fertilization and suggests new parameters of
embryo viability. Hum Reprod 2018; 33: 23-31.
Chen M, Wei S, Hu J, Yuan J, Liu F. Does time-
lapse imaging have favorable results for embryo
incubation and  selection  compared  with
conventional methods in clinical in vitro fertilization?
A meta-analysis and systematic review of
randomized controlled trials. PLoS One 2017; 12;
e0178720.

De los Santos MJ, Apter S, Coticchio G, Debrock S,
Lundin K, Plancha CE, Prados F, Rienzi L, Verheyen
G. Woodward B et al. revised guidelines for good
practice in IVF laboratories (2015). Hum Reprod
2016; 31: 685-686.

Harper J, Jackson E, Sermon K, Aitken RJ,
Harbottle S, Mocanu E, Hardarson T, Mathur R,
Viville S, Vail A et al. . Adjuncts in the IVF laboratory:
where is the evidence for ‘add-on’ interventions?
Hum Reprod 2017; 32: 485-491.

Kragh MF, Karstoft H. Embryo selection with
artificial intelligence: how to evaluate and compare
methods? J Assist Reprod Genet. 2021 Jul; 38(7):
1675-1689.

Lasiene K, Lasys V, Vitkus A, Sederevicius A.
Zmogaus ir gyvanu embrionu kokybes ivertinimas
(metodu apzvalga) [Evaluation of the human and
animal embryos' quality (Review of methods)].
Medicina (Kaunas). 2005; 41(5): 367-74.

Murphy NM, Samarasekera TS, Macaskill L, Mullen
J, Rombauts LJF. Genome sequencing of human in
vitro fertilisation embryos for pathogenic variation
screening. Sci Rep. 2020 Mar 2; 10(1): 3795.
Nakahara T, lwase A, Goto M, Harata T, Suzuki M,
lenaga M, Kobayashi H, Takikawa S, Manabe S,
Kikkawa F, Ando H. Evaluation of the safety of time-
lapse observations for human embryos. J Assist
Reprod Genet. 2010 Feb; 27(2-3): 93-6.

Polanski LT, Coelho Neto MA, Nastri CO, Navarro
PA, Ferriani RA, Raine-Fenning N, Martins WP.
Time-lapse embryo imaging for improving
reproductive outcomes: systematic review and
meta-analysis. Ultrasound Obstet Gynecol 2014; 44:
394-401.

Rocafort E, Enciso M, Leza A, Sarasa J, Aizpurua J.
Euploid embryos selected by an automated time-

© 2022 Global Journals

15.

16.

17.

18.

19.

20.

lapse system have superior SET outcomes than
selected solely by conventional morphology
assessment. J Assist Reprod Genet 2018.

Rocha JC, Passalia F, Matos FD, Maserati MP Jr,
Alves MF, Almeida TG, Cardoso BL, Basso AC,
Nogueira MF. Methods for assessing the quality of
mammalian embryos: How far we are from the gold
standard? JBRA Assist Reprod. 2016 Aug 1; 20(3):
150-8.

Reignier A, Lammers J, Barriere P, Freour T. Can
time-lapse parameters predict embryo ploidy? A
systematic review. Reprod Biomed Online 2018; 36:
380-387.

Strouthopoulos C, Anifandis G. An automated
blastomere identification method for the evaluation
of day 2 embryos during IVF/ICSI treatments.
Comput Methods Programs Biomed. 2018 Mar;
156: 53-59.

Takakuwa T. 3D Analysis of Human Embryos and
Fetuses Using Digitized Datasets From the Kyoto
Collection. Anat Rec (Hoboken). 2018 Jun; 301(6):
960-969.

Zaninovic N, Irani M, Meseguer M. Assessment of
embryo morphology and developmental dynamics
by time-lapse microscopy: is there a relation to
implantation and ploidy? Fertil Steril 2017; 108:
722-729.

Zaninovic N, Rosenwaks Z. Artificial intelligence in
human in vitro fertilization and embryology. Fertil
Steril. 2020 Nov; 114(5): 914-920.



	Methods for Assessing Human Embryos to Increase Reproductive Potential
	Author
	Keywords
	I. Introduction
	II. Materials & Methods
	III. Results & Discussion
	IV. Conclusion
	References Références Referencias

