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Introduction
The main criterion for assessing effectiveness of embryological stage 

of IVF programs is the presence and quantity of good quality embryos 
suitable for transfer. The morphological assessment of blastocysts is the 
most important criterion when choosing an embryo for transfer, since 
it largely reflects its viability [1,2].

The presence of cytoplasmic fragments in perivitelline space of an 
embryo is recognized as the most common cause of a decrease in its 
viability and low  morphological assessment [3]. In some cases, when, 
according to the results of IVF program, a patient does not have good 
quality embryos suitable for transfer, attempts are made to increase the 
viability of embryos by defragmenting them [4-6].

Defragmentation is a procedure for micromanipulation removal of 
cytoplasmic fragments, blastomeres that had stopped in development and 
cellular debris from the perivitelline space of an embryo. The aim of this 
work was to assess the clinical outcomes of IVF programs after transfer of 
low quality blastocysts via microsurgical defragmentation procedure.

Materials and methods
Study design

In the period from April to December 2019, the microsurgical 
defragmentation procedure was performed on 36 blastocysts of low 
quality obtained from 32 couples undergoing infertility treatment using 
ART methods at Altravita IVF Clinic, Moscow. In this and subsequent 
periods, embryo transfer (ET) or cryopreservation and storage of 
embryos were carried out with subsequent transfer in cryocycle, as 
well as assessment of the onset of pregnancy and analysis of the clinical 
outcomes of IVF programs. In January 2021, it became possible to obtain 

and analyze data on the clinical outcomes for 20 cases (after transfer of 
20 blastocysts). The average age of women from whom embryos were 
obtained was 35.8 years (range 25 to 46 years). When selecting embryos 
for defragmentation, cause of infertility, woman's age and method of 
fertilization were not taken into account. Embryos obtained using 
donor oocytes, as well as in programs with PGD, were not included in 
the study. Criteria for inclusion of embryos in the experimental group 
were the following:
 - no development of good quality blastocysts on the 5-6th suitable for 

ET or cryopreservation;
 - development of low quality blastocyst on the 5-6th day, whose 

trophectoderm was assessed as "C" (according to Gardner) [1].
 - volume of nuclear-free cytoplasmic fragments or blastomeres not 

included in the trophectoderm or ICM of the formed blastocyst was 
more than 15%, but did not exceed 35% of embryo volume.
After ET, the following criteria were assessed: implantation rate, 

clinical and ongoing pregnancy rate, and live birth rate.

Ovarian stimulation and oocyte retrieval

Superovulation was induced by a “short” protocol using antGnRH 
from days 2–3 of menstrual cycle using recombinant and / or urinary 
gonadotropins at daily dose of 150–300 IU. Ovulation was initiated 
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by administration of hCG at a dose of 10,000 IU 34–36 hours before 
follicular puncture. Oocytes surrounded by layers of cumulus cells 
were obtained as a result of transvaginal puncture of follicles under 
ultrasound control 34–36 hours after the administration of an ovulatory 
dose of hCG.

Fertilization

For fertilization of the obtained oocytes, ICSI or IMSI procedure 
was used, depending on sperm parameters.

Cultivation and assessment of embryo development

Cultivation was carried out in a СО2-incubator at 36.7°C in humidified 
atmosphere with 6.0% СО2. Embryos were individually cultured in 
microdroplets of Onestep medium (Vitromed) supplemented with 5 mg / 
ml protein (SPS, Sage) under the layer of mineral oil. Zygotes and embryos 
were individually assessed on days 1, 3, 5, and 6 of development. Blastocyst 
quality was assessed according to Gardner [1].

Defragmentation of embryos 

Blastocysts with trophectoderm assessed as "C" and fragmentation 
volume more than 15%, but not more than 35% of embryo volume, 
underwent the microsurgical defragmentation procedure.

All microsurgical manipulations were performed on an inverted 
Leitz Fluovert FU microscope (Wild Leitz GmbH, Germany) 
using a Hoffman modulation contrast system and equipped with 
a set of Narishige micromanipulators (Narishige, Tokyo, Japan). 
At the first stage, assisted hatching was performed using a holding 
micropipette (Holding Pipette, Cook Medical) and the zona pellucida 
dissection micropipette (ZPD, Origio). From the side of maximum 
accumulation of cytoplasmic fragments, the zona pellucida was cut at 
¼-circumference. After incision, cytoplasmic fragments, blastomeres 
that had stopped in development and cellular debris were removed 
from perivitelline space of an embryo using microinstruments for 
assisted hatching. In rare cases, when defragmentation was performed, 
the zona pellucida dissection micropipette may have been replaced 
with a biopsy micropipette (Biopsy Pipette, TPC) for greater operator 
convenience. For each embryo, the entire defragmentation procedure 
took 3–5 min. After defragmentation, blastocysts were cultured for 2 
hours, then morphologically re-assessed and used for ET (5th day) or 
cryopreservation (5-6 days) followed by cryo-ET.

ET, assessment of the onset and outcome of pregnancy

ET was performed on the 5th day after follicular puncture (in 
ISO cycles) or after the start of progesterone therapy (in cryo-ET). 
One defragmented blastocyst was transferred into a patient's uterine 
cavity. The average number of embryos per transfer was 1.0 (one). 
Clinical pregnancy was diagnosed by the presence of gestational sac 
in the uterine cavity and registration of fetal heartbeat by ultrasound 
examination at 4–5 weeks after ET.

Ongoing pregnancy rate was determined by ratio of the total 
number of clinical pregnancies (12 weeks or more) to the total number 
of transfers. At the end of gestational period, the number of live births 
was assessed.

Results
The results of 20 clinical cases with a known clinical outcome 

after transfer of one defragmented blastocyst in stimulation cycles 
(14 ETs) or cryo-cycles (6 cryo-ETs) were analyzed. Two hours after 

microsurgical defragmentation, the trophectoderm of all 20 blastocysts 
was morphologically assessed not lower than category "B" (Figure 1). 

After ET, the following was diagnosed: 
•	 no pregnancy in 12 cases, including 8 with ET in ISO-cycles and 4 

with cryo-ETs; 
•	 clinical pregnancy in 8 cases, 
•	 pregnancy loss in 2 cases, including 1 with ET in ISO-cycles and 1 

with cryo-ET;
•	 ongoing pregnancy resolved by childbirth in 6 cases, including 5 

with ETs in ISO-cycles and 1 with cryo-ET. 

Figure 1. Blastocysts undergoing microsurgical defragmentation procedure (a. – before 
manipulations; b. – immediately after defragmentation; c. – 2 hours after manipulations). 
As a result of blastocysts transfer No. 1, 2, and 3, we could observe ongoingclinical 
pregnancy resolved by childbirth; No. 4 – a pregnancy loss; No. 5, 6 and 7 – no pregnancy.
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Some studies have shown that increased embryo fragmentation 
is associated with a decrease of implantation [1, 5,15] and pregnancy 
rate [15-17]. The data indicate that removal of fragments improves 
development of an embryo [18], and also increases the implantation 
rate [5,15]. It was found that, as a result of defragmented embryos 
transfer, the clinical outcomes of ART programs were similar [5] or 
better than those of embryos transfer from control groups [16].

Analysis of scientific publications showed that studies devoted 
to defragmentation effect on the clinical outcomes were carried out 
mainly using embryos at cleavage stage [4], in particular, on embryos of 
the 2nd [18,16] and 3rd day of development [5,15].

We managed to find the only study where the object for 
defragmentation was human embryos at the blastocyst stage [19]. In this 
work, an overview of three clinical cases was presented on the transfer of 
defragmented blastocysts to patients in IVF programs with three clinical 
pregnancies. In our study, we report the birth of six children, obtained 
as a result of transfer of 20 low quality blastocysts after microsurgical 
defragmentation. To the best of our knowledge, this is the first study to 
report a live birth using low quality defragmented blastocyst for transfer. 

It is believed that cytoplasmic fragmentation is a result of 
programmed cell death, leading to release of toxic substances 
that damage the surrounding cells or stop the cleavage of nearby 
blastomeres [15,18]. In addition, fragments can interfere with cell-to-
cell communication, disrupting the spatial orientation of blastomeres 
or limiting the space required for ongoing cleavage or compaction 
of an embryo. Research has shown that fragments cause secondary 
degeneration of nearby cells. Using transmission electron microscopy, 
it was found that blastomeres adjacent to cytoplasmic fragments show 
signs of vacuolization [20,21]. When these fragments are removed, 
the corresponding spatial organization of blastomeres in the embryo 
is restored, which leads to a more adequate formation of intercellular 
connections [15,22]. At the same time, fragmentation aspiration 
can improve microenvironment of blastomeres in the embryo by 
eliminating toxic effect of apoptotic cell fragments [16].

The main disadvantage of this and the above studies is their 
non-randomized nature. It remains to be determined which of the 
components of defragmentation procedure is of a decisive importance 
for improving the clinical outcomes of IVF programs: directly 
defragmentation or previous manipulations with the zona pellucida, ie, 
assissted hatching. Despite the fact that assisted hatching or complete 
removal of the zona pellucida in good quality blastocysts does not lead 
to increase of effectiveness of IVF programs [23], it can have a certain 
positive effect in case of embryos with low morphological assessment. 
Thus, further comparative prospective studies are needed to assess 
the role of embryo defragmentation in order to increase the ongoing 
pregnancy rate among patients undergoing IVF infertility treatment. 

Conclusion
Defragmentation of low quality blastocysts makes it possible to 

improve their morphological assessment. Clinical outcomes of IVF 
programs using defragmented blastocysts are comparable to those of 
good quality blastocyst transfer, including live births rate.
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Thus, clinical pregnancy rate was 40% (8/20) and ongoing 
pregnancy rate resolved by live birth was 75% (6/8). It should be noted 
that cumulatively for 2019 in Altravita IVF Clinic, these indicators 
were 34.2% and 65.1%, respectively, when transferring good quality 
blastocysts rated not lower than "BB" (when transferring 1.1 embryos/
ET). In February 2020, a female healthy child was delivered at 37 weeks 
of gestation by cesarean section -the first child born as a result of 
defragmented low quality blastocysts transfer. 

Discussion
In IVF practice, embryo transfer at the blastocyst stage is generally 

accepted standard [7]. The advantages of embryo transfer at the 
blastocyst stage include better synchronization between endometrium 
and embryo and ability to select an embryo with a higher implantation 
potential [8]. Gardner and Schoolcraft developed a blastocyst scoring 
system based on three parameters: blastocyst size, inner cell mass 
quality and trophectoderm quality [9].

When two good quality blastocysts (≥3AA) were transferred in 
ISO cycle, the implantation and clinical pregnancy rate were 69.9% and 
86.8%, respectively, while when using two blastocysts with quality lower 
than 3AA, these indicators were only 28.1% and 43.8%, respectively. 
In other words, the implantation of poorer quality blastocysts was 
more than 2 times lower than blastocysts with quality ≥3AA [1]. The 
same group of researchers obtained similar data in patients with a 
favorable prognosis after one blastocyst transfer: the proportion of 
embryo implantation and ongoing pregnancy rate was 60.9% [2]. In 
a retrospective study of 350 IVF cycles, Balaban and colleagues also 
found significant differences in the outcomes of IVF programs after 
transfer of blastocysts of varying quality [10].

Gray and colleagues modified the Gardner and Schoolcraft 
alphanumeric assessment scale to develop a blastocysts scoring system. 
According to their data, during embryo transfer in ISO cycles, quality of 
ICM and trophectoderm was a significant prognostic factor in assessing 
the onset of pregnancy. With a decrease of ICM in quality from "A" to 
"C", average blastocyst implantation rate decreased from 57% to 21%, 
and in the case of a decrease in quality of trophectoderm, from 58% to 
39%, respectively [11].

A number of studies have shown that morphological assessment 
of blastocysts’ trophectoderm makes it more likely to predict the 
pregnancy in IVF cycles [12,13]. In a retrospective study, Honnma and 
colleagues analyzed the contribution of each of the three components of 
blastocyst morphology assessment to clinical outcomes of IVF programs 
[14]. It was found that the quality of trophectoderm was statistically 
significantly associated with ongoing pregnancy and miscarriages rate. 
When transferring vitrified / thawed blastocysts with trophectoderm 
of quality A, B, and C, the proportion of progressive clinical pregnancy 
was 46.6%, 34.1% and 23.7%, respectively. On the contrary, neither the 
degree of blastocyst expansion nor the quality of ICM had a statistically 
significant effect on the clinical outcomes of IVF programs [14].

The reason for statistically significant correlation between 
trophectoderm quality and ongoing pregnancy and miscarriages rate is 
unclear. It is known that trophectoderm cells eventually form placenta, and 
cells of ICM form fetus. For this reason, it is believed that when selecting 
embryos for transfer, ICM morphology is more significant criterion for 
predicting pregnancy outcome than trophectoderm morphology, due to 
opinion that fetal cells are more important than placental cells. However, 
a number of studies have shown that trophectoderm morphology has a 
greater influence on the outcome of pregnancy than quality of ICM and 
degree of blastocyst expansion [12-14].
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