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Abstract    
 
Among the main components of assisted reproductive technology (ART) are the micromanipulation of 
sperm, oocyte and embryo. Micromanipulation techniques have contributed to major advances and 
achievements in the treatment of infertility. Sperm handling can be performed for different purposes 
before intracytoplasmic sperm injection (ICSI) to improve outcomes in especial cases. Oocyte 
micromanipulation can be performed for diagnostic purposes and also for improving fertilization rate. 
Majority of the manipulation techniques were devised for embryos. ICSI was the earliest technique for 
embryo micromanipulation, which can be performed at zygote, cleavage-stage, morula and blastocysts 
stages. The purpose of the present review is to discuss and provide a wide overview on the development 
of micromanipulation techniques in human ART. 
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Background    

 
Intracytoplasmic sperm injection (ICSI) was 

first suggested in 1990 by Ng et al. the pioneer 
of subzonal insemination (SUZI;Ng et al., 1990) 
of the National University of Singapore but at 
that time regulatory issues prevented its routine 
application in the human. Ng called this 
technique MIMIC (Ng et al., 1990). Routine 
application of ICSI commenced two years later 
in 1992 when Palermo and coworkers reported 
successful ICSI in the human (Palermo et al., 
1992). ICSI brought considerable hope for 
treatment of male factor infertility and in the 
ensuing years proved its usefulness in 
overcoming most instances of male infertility. 
ICSI was one of many pioneer 
micromanipulation techniques introduced with 
the aim of improving the success rates in the 
treatment of male infertility. 

  
Many techniques have been introduced after 

ICSI to help the ART professional treat the 
infertile couple. Some of the micromanipulation 

techniques focused on the oocyte are partial 
zona dissection (PZD), SUZI and polar body 
(PB) biopsy. The majority of micromanipulation 
techniques that have been proposed for 
embryos were performed on the embryo at the 
zygote, cleavage-stage, morula, and blastocyst 
stages. Zona hatching, blastomere biopsy, 
fragment removal and removal of lysed 
blastomere(s) are the main micromanipulation 
techniques at the cleavage-stage embryo 
(Halvaei et al., 2018).  

 
 
Today, many clinics have moved the day of 

embryo transfer from 3 to 5 due to low risk of 
multiple pregnancy and increased rate of 
implantation. Two main micromanipulation 
procedures of blastocysts are trophectoderm  
(TE) biopsy and artificial shrinkage before 
vitrification. In this review, the micromanipulation 
techniques in human ART are discussed 
comprehensively. 

http://www.nativeenglisheditor.com/
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Oocyte micromanipulation 
 

Oocyte micromanipulation techniques were 
among the oldest proposed in order to increase 
fertilization rate. PZD is the first oocyte 
micromanipulation technique introduced in the 
late 80s (Malter and Cohen, 1989b). This 
method was used to facilitate zona pellucida 
(ZP) penetration to improve fertilization rate. 
SUZI was introduced by Ng et al. to facilitate 
fertilization in oligozoospermia. In this technique 
a few motile spermatozoa were placed in the 
perivitelline space (PVS). Only a few 
spermatozoa were used to prevent polyspermy 
(Ng et al., 1988). The next step was injection of 
a single spermatozoon into oocyte cytoplasm 
with specially designed microtools or needles, 
the ICSI injection and holding pipettes. This 
technique came to be known as ICSI (Palermo 
et al., 1992). ICSI was a major achievement 
which overcame the pitfalls of previous oocyte 
manipulation procedures. ICSI involved the 
manipulation of both gametes that resulted in 
increased fertilization rate especially in male 
factor infertility. History of ICSI, its indications 
and factors affecting fertilization rate are 
discussed elsewhere (Haddad et al., 2021, 
Palermo et al., 2017, Halvaei and Esfandiari, 
2021).  

 
Laser-assisted ICSI was introduced for 

opening the ZP in case of fragile oolema or 
when there was difficulty in penetration of the ZP 
with the injection needle. ICSI in fragile oolema 
leads to oocyte degeneration due to ooplasm 
outpour into PVS. ZP resistance to penetration 
may also be associated with cytoskeletal 
damage in the oocyte and subsequent 
degeneration. To overcome this, laser is used 
for drilling a small hole in the ZP at 3 o’clock 
making the entry of needle into the oocyte easier 
(Davidson et al., 2019). It was shown that the 
rates of oocyte survival and embryo 
development were significantly higher in laser-
assisted ICSI compared to conventional ICSI 
(Abdelmassih et al., 2002). Although, higher 
fertilization rate was reported in cases 
undergoing first ICSI cycles (Verza et al., 2013), 
routine practice of this technique is not usually 
suggested (Richter et al., 2006). Fawzy and 
colleagues in a recent randomized controlled 
trial showed that using laser-assisted ICSI in 
patients undergoing first or second ICSI 
attempts improved the oocyte survival rate. 

However, after adjustment for oocyte survival, 
laser assisted ICSI did not affect the embryo 
development and pregnancy rates (Fawzy et al., 
2020). It seems that this technique should be 
applied in selected cases only, like in cases with 
history of previous ICSI failure due to abnormal 
oolemma damage (Rienzi et al., 2001, Rienzi et 
al., 2004). Therefore, routine use of laser-
assisted ICSI was not recommended in ART. 

 
Ooplasm manipulation is another oocyte 

micromanipulation technique introduced to 
improve treatment outcome. Cytoplasmic 
defects in the oocyte may impair embryo 
development and infertility (Blerkom et al., 
1995). Ooplasm transfer from a healthy oocyte 
or ooplasm modification can be used to improve 
ART outcomes. Flood et al. showed the 
beneficial effects of ooplasm transfer of mature 
oocytes into immature oocytes in the monkey 
(Flood et al., 1990). It was observed that the 
transfer of small amount of ooplasm from a 
normal oocyte into a 1-cell mouse embryo 
improved implantation rate (Levron et al., 1996). 
Cohen and colleagues were the first to report 
the birth of a girl following ooplasm transfer 
(Cohen and Scott, 1997). Mitochondria are the 
most important organelles in the ooplasm that 
may produce the desired effect after ooplasm 
transfer (Sansinena et al., 2011). González-
Grajales et al. showed the positive effects of 
ooplasm transfer on embryos derived by 
interspecies somatic cell nuclear transfer 
(González-Grajales et al., 2016). It was shown 
that supplementation of autologous ooplasm-
transfer did not affect embryo development (Lee 
et al., 2017). Mitochondrial replacement therapy 
can also be performed by ooplasm transfer and 
is a candidate for clinical application (Jiang and 
Shen, 2021). It is of interest to note that in the 
clinical setting the transfer of ooplasm from 
donor to recipient oocytes will alter the 
mitochondrial genetic makeup of the oocyte and 
the resulting progeny. This may not be 
acceptable in some communities.  

 
Sperm micromanipulation 
 

Selecting viable sperm for ICSI is an 
important issue for successful fertilization in 
cases of asthenozoospermia. Mechanical touch 
technique or sperm tail flexibility test was 
proposed to select viable spermatozoa (de 
Oliveira et al., 2004, Soares et al., 2003). In this 
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test, sperm tail is touched by injection needle. If 
sperm tail is moves independent of sperm head, 
the sperm is viable and if both tail and head  
moved together, the sperm is dead. The 
beneficial effects of this technique on rates of 
fertilization and pregnancy were shown in two 
retrospective studies (de Oliveira et al., 2004, 
Soares et al., 2003). However, touching the tail 
of the spermatozoa does not need any 
equipment and is a cost-effective and non-
invasive. However it needs an expert 
embryologist and is not suitable for ejaculated 
frozen-thawed spermatozoa (Nordhoff, 2015). 
Clinical efficacy of this technique should be 
approved by well-design studies. Another sperm 
manipulation technique is laser-assisted sperm 
selection (LASS). This is a rapid, safe, user-
friendly and repeatable technique to detect 
viable immotile spermatozoa (Nordhoff, 2015). A 
single laser pulse (200 µJ, approximately 2 mS) 
is shot to the sperm tail leading to curling of 
viable sperm tail (Aydos and Aydos, 2021). 
Aktan and colleagues reported, for the first time, 
the efficacy of LASS is similar to hypo-osmotic 
swelling test (Aktan et al., 2004). Furthermore, it 
was proposed as an alternative of hypo-osmotic 
swelling test (Gerber et al., 2008). One of the 
oldest of the sperm viability tests, the hypo-
osmotic sperm tail swelling test (Jayendran et al. 
1984) remains one of the cheapest and simplest 
technique of identification of potentially viable 
spermatozoa to this day.  The effectiveness of 
LASS in a case of total immotile spermatozoa 
following cryopreservation or in  Kartagener’s 
syndrome was reported recently (Chen et al., 
2017, Ozkavukcu et al., 2018).   
 
Cleavage-stage embryo manipulation 
 
Assisted hatching 

One of the most common micromanipulation 
technique is assisted hatching (AH) in which the 
ZP is opened artificially. The embryo at the 
blastocyst stage should be able to hatch out of 
the ZP to be ready for implantation. There are 
several factors to induce ZP hatching, including 
enzymes released from the embryo or 
endometrium and blastocyst expansion. Factors 
like abnormality in the ZP, thick ZP and zona 
hardening can impair this phenomenon. It 
seems that in vitro oocyte or embryo culture 
reduces embryo quality (Friedler et al., 2007) 
and oocyte or embryo cryopreservation 
thickens/hardens the ZP (Petersen et al., 2006). 

These are the main reasons for using AH. In 
addition, there are several indications for AH, 
including advanced maternal age (≥40 years), 
high levels of FSH, thick ZP (>15µm), after 
cryopreservation, and history of implantation 
failure (≥2) (Cohen et al., 1992, Schoolcraft et 
al., 1994, Tao and Tamis, 1997, Mansour et al., 
2000, Hammadeh et al., 2011). It is of interest to 
note Ali et al. (Ali et al, 2003) observed that ZP 
thickness is not an indication for AH but its 
texture. The texture of the ZP confers hardness 
or softness to it. They observed a thin ZP could 
be extremely hard and completely impervious to 
repeated laser bombardment during AH 
whereas the thick ZP could be extremely soft 
such that the use of single pulse of laser could 
damage the embryo by creating too large an 
opening in the ZP. It was shown that routine use 
of AH has no beneficial effects on ART 
outcomes (Razi et al., 2013) . 

 
Some mechanisms have been proposed to 

explain how AH can increase the implantation 
potential including facilitating the utilization of 
nutrients, metabolite and growth factor transfer 
from the culture medium and earlier 
endometrium contact (Malter and Cohen, 1989b, 
Wan et al., 2014). It seems that the method and 
extend of AH are two important factors in 
success rate of AH (Le et al., 2018). One 
additional concern with regard to the use of AH 
is the possible increase in the implantation of 
abnormal embryos. There is limited data on the 
increase in the risk of congenital abnormalities 
and more RCTs are required for final conclusion. 
A recent meta-analysis evaluating AH in 
advanced maternal age also did not find any 
relationship between AH and congenital 
anomalies (He et al., 2018). Multiple 
pregnancies following AH is matter of debate. A 
monochorionictriamnionic triplet associated with 
monoamniotic twins following AH was reported 
in 2009 (Pantos et al., 2009). In a systematic 
review and meta-analysis, it was concluded that 
AH does not improve multiple pregnancies in 
fresh embryo transferred to non-poor prognosis 
patients (Martins et al., 2011). Different methods 
of AH are presented in Table 1.  
 
Laser assisted hatching (LAH) 

Laser was applied for the first time for 
trapping sperm in ART (Tadir et al., 1989). The 
same group then used laser for opening the ZP 
by drilling (Tadir et al., 1991). Rink et al. descri- 
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Table 1. Different assisted hatching (AH) methods in ART 
 
 
Method of AH Description  Pros and cons Reference  

PZD Opening of ZP by 
microneedle 

- is more physiological 
and natural in 
comparison with other 
methods 
- needs an expert 
embryologist 
- size of hole is not 
under control 

(Malter and Cohen, 
1989a) 

Mechanical expansion of 
ZP 

Increasing internal 
pressure by injecting 
medium 

- is similar to natural 
process 
- preventing blastomere 
loss by preventing ZP 
thinning and hole 
creation 
- ultrastructural change 

(Hammadeh et al., 
2011, Fang et al., 2010)  

Chemically assisted 
hatching 

Dissolving the ZP by 
acid Tyrode’s leading to 
ZP thinning or creation 
of a hole in ZP 

- may face the embryo 
with abnormal pH and 
several washing steps 
after hatching are 
needed to reduce 
harmful effects of acid 
- The amount of acid 
solution and the time of 
acid exposure are very 
important  
- needs a rapid 
manipulation and a well-
experienced 
embryologist  

(Cohen et al., 1992, 
Tucker et al., 1993)  
 

Pronase treatment Enzymatically dissolve 
the ZP leading to ZP 
thinning or creation of a 
hole 

- not a routine practice 
- the concentration of 
pronase and time of 
pronase exposure are 
two important factors 
affecting the outcome 
- needs several 
washings after 
treatment and an expert 
embryologist  

(Fong et al., 1998) 

Laser assisted hatching Creating a hole in the 
ZP or thinning ZP by 
laser 

- user friendly, safe, 
efficient, and has 
reproducibility potential 
- heat production during 
laser is a concern 

(Tadir et al., 1991, Tadir 
and Douglas-Hamilton, 
2007) 
 

Piezo micromanipulation  
 

Using piezo 
micromanipulation to 
create a hole in the ZP 
or zona thinning 

-  the position of the 
vibrating needle is the 
key factor 
- is very quick 

(Nakayama et al., 1999) 
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-bed non-contact mode laser using 1480 nm 
wave length for drilling mouse ZP which is 
currently used in the clinic (Rink et al., 1996). In 
a small study population,  a dramatic  decline  in 
clinical pregnancies was noted when the laser 
beam is above 250ms (60% vs 29%) in day 2 
cleavage-stage embryos but this effect was not 
statistically significant (Ali et al., 2003). This 
finding suggests higher laser beam lengths 
could be harmful to the embryo but this remains 
to be proven in a larger study population. Laser 
is user friendly, safe, efficient, and has potential 
for reproducibility (Hammadeh et al., 2011). 
Balaban et al. showed that the rate of 
implantation and pregnancy rate were similar 
between four methods of AH in poor prognosis 
patients (Balaban et al., 2002). Later, 
Lanzendorf et al. in a prospective randomized 
study found no beneficial effects of LAH 
compared to acid Tyrods’ method (Lanzendorf et 
al., 2007). There are three methods of LAH 
including complete LAH by creating a hole 
through the ZP, partial LAH by creating a hole in 
outer membrane of ZP, and quarter LAH by 
drilling a quarter of embryo (Davidson et al., 
2019).  
 

An earlier study showed that zona thinning 
had higher pregnancy rate compared to partial 
or fully ZP hatching (Mantoudis et al., 2001). Ali 
et al observed that the inner-most layer of the 
ZP is the hardest and most impervious to laser 
suggesting that complete drilling of the ZP is 
preferred to partial drilling (Ali et al., 2003). 
Wang et al. recently compared the ART 
outcomes of drilling and thinning using LAH on 
day 4 embryos during on FET cycles. They 
showed that the rates of miscarriages, multiple 
pregnancies, ectopic pregnancies, preterm 
births, live birth and congenital anomalies were 
similar between two groups. However, the rates 
of implantation and pregnancy were higher in 
thinning group compared to drilling in women 
under age of 35 years, patients with history of 
failed cycle and when endometrial thickness is 
8-10 mm (Wang et al., 2021). Schimmel et al. 
using time-lapse study showed that incomplete 
AH may induce incomplete hatching (Schimmel 
et al., 2014).  

 
The data on the efficacy of AH in ART is 

controversial. Sallam et al. in a meta-analysis 
showed that AH can improve implantation rate, 
clinical and ongoing pregnancy in poor 

prognosis patients (Sallam et al., 2003). Kissin 
et al. in a large retrospective study evaluated the 
efficacy of AH on ART outcomes. They found 
that application of AH increased in a period of 
ten years, but AH of both day-3 and day-5 
embryos had no beneficial effects on 
implantation, clinical pregnancy, and live birth 
rates even in poor prognosis patients (Kissin et 
al., 2014). A recent systematic review evaluated 
39 RCTs (7,249 women) showed that live birth 
rate in control was similar to AH group (28% vs 
27-34%, respectively) (Lacey et al., 2021). 
However, they reported the quality of evidenced 
was very low to low. Razi et al. showed that 
routine use of LAH may not improve the ART 
outcomes and ASRM also did not recommend 
routine use of AH for patients (Razi et al., 2013, 
Medicine, 2014). In contradiction however, an 
earlier report (Ali et al., 2003) demonstrated 
significantly improved clinical pregnancy rate 
(about 65% vs 33%) and improved implantation 
rate (38% vs 18%) for day 2 cleavage-stage 
embryos in women below 36 years of age 
following routine LAH. It was shown that LAH 
may increase pregnancy rate in advanced 
maternal age and frozen-thawed cycles 
(Elhussieny et al., 2013).   

 
A recent study showed that LAH can increase 

the rates of total and usable blastocyst, but the 
rate of pregnancy was similar between LAH and 
non-LAH groups (Xu et al., 2021). A very recent 
mouse model study showed that ZP drilling by 
laser may change embryo transcriptome and 
subsequently metabolic pathways (Liu et al., 
2021). Association between epigenetic 
modifications and manipulations in ART has 
been an important tissue. A mouse model study 
has shown that cleavage-stage embryos 
subjected to LAH may have altered epigenetic 
pattern (Honguntikar et al., 2017). Huo and 
colleagues also found that DNA methylation of 
IGF2/H19 imprinting control region was reduced 
in the thinning group in comparison with control 
and drilling group. Zona thinning also increased 
DNA methylation level in the placenta and 
expression level of H19 mRNA in the offspring 
(Huo et al., 2020). 
 
Embryo fragment removal 
 

Mitosis division can induce embryo 
fragmentation in cleavage-stage embryos. 
Fragments are membrane-bound cytoplasm 
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near the blastomeres inside the embryo 
(Fujimoto et al., 2011). As the fragments are 
parts of embryo cytoplasm, different organelles 
may be seen inside the fragments. Our group 
showed that mitochondria, mitochondria-vesicle 
complexes, Golgi apparatus, primary lysosomes, 
and vacuoles could be found within the 
fragments (Halvaei et al., 2016a). Furthermore, 
the same group also found that the majority of 
mitochondria found in the fragments are intact, 
rounded to oval with few cristae (Safari et al., 
2017).  

 
Fragment removal is one of the most invasive 

micromanipulation techniques that is performed 
on the embryos at the cleavage-stage to 
increase ART outcomes. Alikani et al. was the 
first group that reported the beneficial effects of 
fragment removal (Alikani et al., 1999). Briefly, in 
this technique, the embryo should be initially 
hatched near the fragments and a special 
microneedle with 10-12 µm inner diameter is 
inserted into the embryo (Halvaei et al., 2016a). 
The fragments around the blastomeres then are 
gently removed. Only highly-skilled 
embryologists can perform fragment removal. 
This technique needs patience for preventing 
mechanical embryo damage while at the same 
time must be performed with speed to minimize 
the risks associated with the embryo being out 
of the incubator. There were assumptions that 
blastomere fragment removal has beneficial 
effects including improving cell junctions, 
increasing relationships and contact between 
blastomeres, to prevent the release of potentially 
harmful degradation material from apoptotic 
fragments. The percent of fragmentation may 
vary in embryos from 0-100%.  

 
Theoretically, fragment removal can be 

performed in all fragmented embryos. But, low 
(0-10%) and severe (˃50%) fragmented 
embryos do not benefit from this technique, 
because low fragmentation has no detrimental 
effects on embryo development and severe 
fragmentation is associated with reduced 
pregnancy rate and anomaly (Ebner et al., 2001, 
Racowsky et al., 2009). There are controversial 
results on efficacy of fragment removal on ART 
outcomes. Alikani et al., in a retrospective study, 
showed that implantation rate was significantly 
decreased in embryos with ˃15% fragmentation 
even after fragment removal (Alikani et al., 
1999).  

 
Later, Eftekhari-Yazdi et al., in a prospective 

study showed that fragment removal on 4-6 cell 
embryos increased the number of blastocyst cell 
and decreased the apoptotic index of derived 
blastocyst in the experimental groups compared 
to the control (Eftekhari-Yazdi et al., 2006). In a 
retrospective study, Keltz and teammate found 
that fragment removal in poor quality embryos 
resulted in improvement of ART outcomes (Keltz 
et al., 2006). The same group, in another 
prospective randomized study, showed that 
fragment removal on day 3 embryos decreased 
the rate of fragmentation on day 5, but had no 
effects on compaction and blastocyst rate (Keltz 
et al., 2010). However, this technique did not 
increase rates of implantation and live birth in 
embryos with 10-20% fragmentation derived 
from young mothers (Sözen et al., 2012). We 
showed that fragment removal may increase the 
success rate in patients with implantation failure 
(Halvaei et al., 2015). Kim et al. retrospectively 
evaluated the effects of early fragment removal 
on embryo development and pregnancy 
outcomes. They found that fragment removal on 
day 2 can increase the grade of embryo at the 
following day and implantation and pregnancy 
rates as well (Kim et al., 2018). Sordia-
Hernandez et al., in a prospective observational 
small study (13 patients in each group), showed 
that defragmentation of moderately fragmented 
embryos can increase pregnancy rate compared 
to the top-quality embryo with increased chance 
of abortion (Sordia-Hernandez et al., 2020).  

 
Fragment removal can improve the grade of 

embryo, but has no effects on intrinsic defects of 
the embryo. Fragment removal does not change 
the fate of severely fragmented embryos of poor 
quality and could result in ART failure. It is highly 
recommended to use this technique for selected 
cases like repeated implantation failure (Halvaei 
et al., 2015). The authors’ group did not find any 
beneficial effects on ART outcomes after 
fragment removal in fresh or vitrified-warmed 
embryos (Halvaei et al., 2016a, Safari et al., 
2017).  
 
Debris removal 
 

There are some reports of removing debris in 
PVS of mature oocytes. It seems this technique 
may have beneficial effects on selected patients 
such as those with a history of implantation 
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failure (Halvaei et al., 2015). Routine use of 
debris removal in unselected patients is matter 
of debate (Halvaei et al., 2016a). It is an 
invasive technique and needs a high level of 
expertise. 
 
Removal of lysed cells 

 
Cryopreservation of low-grade embryos or 

sub-optimal vitrification/warming may be related 
to blastomere lysis and/or necrosis. Presence of 
necrotic blastomeres could impair embryo 
development by interrupting cell communication 
and could release toxic materials. Lysed 
blastomere removal is performed like fragment 
removal. In a mouse model, it was shown that 
the presence of degenerated blastomeres 
impaired hatching process and removing these 
improved hatching and embryo viability (Alikani 
et al., 1993). Rienzi et al. in a prospective study 
showed that removing degenerated blastomeres 
increased rates of implantation and pregnancy 
(Rienzi et al., 2002). Another study from Europe 
showed that removal of necrotic blastomeres in 
partially damaged embryos and in embryos that 
had cleaved post-thaw helped increased 
delivery rate (Rienzi et al., 2005). Nagy et al. 
showed that the embryo vitality and pregnancy 
rate increased, when lysed blastomeres were 
removed on the day of embryo transfer in 
frozen-thawed cycles (Nagy et al., 2005). The 
same group also reported embryo morphology 
and development were improved following 
removal of  lysed blastomere in a mouse model 
(Elliott et al., 2007). Positive effects of the 
removal of necrotic blastomeres at the 4-cell 
stage in mouse embryo were apparent by 
improvement in the blastocyst quality and in 
reducing incidence of cell death (Fathi et al., 
2008). Significant advances made in 
cryopreservation resulted in a reduction in 
blastomere damage. This led to a decline in the 
use of this technique and because of which this 
technique is no longer recommended or 
performed in the recent years.        
 
Embryo biopsy 
 
Blastomere biopsy 

Preimplantation genetic testing (PGT) is 
performed on the oocytes and embryos for HLA-
typing or detecting genetic abnormalities. There 
are three types of PGT including PGT-A 
(aneuploidies), PTG-M (monogenic diseases), 

and PTG-SR (structural rearrangements) 
(Zegers-Hochschild et al., 2017). Embryos can 
be biopsied at different stages for PGT including 
the zygote (polar body), cleavage-stage 
(blastomere) and blastocyst stage (TE;  
Cimadomo et al., 2016). Most of embryos are 
biopsied at the cleavage-stage (Moutou et al., 
2014). Historically, embryo biopsy began in the 
1960s and early 1970s for farm animals 
(Cimadomo et al., 2020). Handyside et al. 
reported the first blastomere biopsy for sex 
determination for prevention of a X-linked 
disorder (Handyside et al., 1990). ZP should be 
opened for embryo biopsy. There are different 
methods for opening ZP including mechanical, 
acid Tyrode’s, and laser. It was shown that there 
is no difference in the blastocyst development 
between acid Tyrode’s solution and laser, 
suggesting that laser could be an alternative 
method to chemical assisted hatching (Jones et 
al., 2006).  

 
It is recommended to perform biopsy on the 

morning of day 3 on embryos that has at least 6 
blastomeres, low amount of fragmentation with 
these two requirements being the inclusion 
criteria for the biopsy procedure (Harton et al., 
2011). ZP should be drilled to reach the 
blastomeres with the methods described in the 
previous section. The opening in the ZP created 
for embryo biopsy is bigger than that created in 
AH. The most usable technique for ZP hatching 
in embryo biopsy is LAH (Moutou et al., 2014). 
Ca

++
/Mg

++
 free medium is used to make 

blastomere biopsy easy by decreasing the 
adhesion of cells during the procedure. This 
medium may deplete the blastomeres of Ca

++
. 

Animal studies have shown that Ca
++

 depletion 
may change the cytoskeleton and compaction 
process (Pey et al., 1998). Using Ca

++
/Mg

++
 free 

medium for embryo biopsy may cause the 
biopsied embryos to delay compaction and 
blastulation (Bar-El et al., 2016). After opening 
the ZP, biopsy pipette is gently entered into the 
embryo and blastomere/s with visible nuclei 
is/are removed.  

 
Timing of blastomere biopsy seems to be a 

factor that could predict the subsequent 
development of the biopsied embryo. Kalma and 
colleagues showed that embryos that were 
biopsied in the last quarter of 8-cell stage were 
less affected by blastomere biopsy and had 
more implantation potential (Kalma et al., 2018). 



Micromanipulation in human ART   
Halvaei and Khalili, 2022  18 
 

 
 
 

Also, it was shown that the hatching process 
may be affected by blastomere biopsy 
(Kirkegaard et al., 2012). Another important 
factor is the number of blastomeres removed. It 
was shown that removing two blastomeres can 
increase the biopsy success rate with no 
negative effects on embryo development (Brodie 
et al., 2012). The limited number of blastomeres 
that could be removed is one of the limitations of 
cleavage-stage biopsy. Goossens et al. in a 
prospective study, found that polymerase chain 
reaction (PCR) efficacy was significantly higher 
following two blastomeres removal in 
comparison with one cell removal, but the 
likelihood of blastocyst formation may decrease. 
However, they found that day 3 developmental 
stage was more important than removing 
blastomere/s to predict further embryo 
development (Goossens et al., 2008). It seems 
the quality of embryos and expertise of 
embryologists are two important factors that 
predict the embryo viability and development 
after biopsy (Munné et al., 2007). If the embryo 
quality is high and an expert embryologist 
performs blastomere biopsy, removing two 
blastomeres had no detrimental impact on 
embryo development.  

 
Another limitation of blastomere biopsy is 

chromosomal mosaicism that occurs during the 
first mitotic divisions and is higher in cleavage-
stage embryos compared to blastocysts (van 
Echten-Arends et al., 2011). TE biopsy could be 
a good candidate to overcome this limitation.  

 
Mosaicism has been reported for 2-13% 

blastocysts compared to 50% for whole embryos 
(Popovic et al., 2020). Re-biopsy is 
recommended when the removed blastomere is 
lost, anucleate blastomere is removed or 
diagnosis had failed (Harton et al., 2011). 
Animal studies have shown that blastomere 
biopsy was not associated with alterations in 
global patterns of gene expression (Duncan et 
al., 2009). Removing one blastomere in an 8-cell 
embryo did not affect genes participating in the 
implantation (Naseri et al., 2019). Nevertheless, 
increasing cDNA following biopsy was reported 
which may be due to stress response (Jones et 
al., 2015). A recent time-lapse study showed 
that blastomere biopsy may affect 
morphokinetics of biopsied embryos (Lammers 
et al., 2021).   

   

Morula biopsy  
Blastomere biopsy is preferred on day 3 

because the compaction had not started and 
removing blastomeres is easier than at 
subsequent stages. But, blastomere biopsy on 
day 4 could also be performed with more 
numbers of blastomeres removed. Zakharova 
and colleagues were the first that proposed 
blastomere biopsy at the morula stage 
(Zakharova et al., 2014). They showed that 
embryo biopsy on day 4 had no detrimental 
effects on further embryo development. 
Application of day 6 morula biopsy is also 
suggested in women ˂ 40 years for PGT-A, 
however, the rates of implantation and live birth 
were significantly lower in euploid morula in 
comparison with euploid blastocysts (Irani et al., 
2018). Embryos that are not suitable for biopsy 
on day 3 are good candidates for morula biopsy. 
Orvieto and colleagues compared clinical 
outcomes of PGT-M for embryos biopsied on 
day 3 and day 4. They reported a significantly 
higher ongoing pregnancy rate for embryos 
biopsied at morula stage compared to cleavage-
stage (33.3 vs 20.5%, P<0.03, respectively; 
Orvieto et al., 2020).   

 
 

Trophectoderm biopsy 
Summers and associates reported the first TE 

biopsy on monkey blastocyst (Summers et al., 
1988) which was followed in humans (Dokras et 
al., 1990). TE cells have a low rate of mosaicism 
making TE biopsy a good alternative for 
blastomere biopsy (Harton et al., 2011, Vera-
Rodriguez and Rubio, 2017). Developing or 
developed blastocyst are the optimum for TE 
biopsy (Aoyama and Kato, 2020). There are 
three approaches for TE biopsy including 
pulling, flicking and sequential ZP opening and 
TE biopsy (Cimadomo et al., 2020). In the 
pulling approach, some TE cells are pulled by 
biopsy pipette and detached from blastocyst; 
while, in the flicking approach, TE cells are 
detached from blastocyst by vigorous movement 
of biopsy pipette which is suitable for hatched 
blastocyst (McArthur et al., 2005). In the last 
approach, the blastocyst was hatched on the 
day of biopsy and some media were blown by 
biopsy pipette in the hole beneath the ZP and 
then some TE cells were pulled by a pipette and 
were detached by laser shots (Capalbo et al., 
2014).  
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Opening the ZP on days 3, 4 or 5-6 followed 
by TE biopsy have been proposed as well (De 
Boer et al., 2004, Veiga et al., 1997, Capalbo et 
al., 2016a). A smaller ZP hole is suggested to 
avoid less constriction of the hatching site to 
facilitate cutting (Aoyama and Kato, 2020). Inner 
cell mass (ICM) should be avoided to prevent 
damage. It is recommended to hatch the ZP on 
day 5-6 rather than day 3-4 (Aoyama and Kato, 
2020). Time taken for a single TE biopsy is 
generally less than 3 minutes (Capalbo et al., 
2016b).  

 
Regarding the comparison between cleavage-

stage and TE biopsy, Kokkali et al. reported a 
lower diagnostic efficiency for blastomere biopsy 
in comparison to TE biopsy for beta-thalassemia 
(75.2 vs 94.3%, respectively; Kokkali et al., 
2007). Scott et al. showed that positive 
predictive value of comprehensive chromosome 
screening for clinical outcomes was significantly 
lower in blastomere biopsy in comparison with 
TE biopsy (29.2 vs 48.2%, respectively); while, 
negative predictive value was similar between 
two techniques (Scott Jr et al., 2012). The same 
group also reported that blastomere biopsy 
resulted in a relative reduction of 39% in the live 
birth rate, while implantation rate was similar in 
TE biopsy group and controls (Scott Jr et al., 
2013). Zhao et al. found that TE biopsy without 
ZP hatching on day 3 resulted in a higher frozen 
blastocyst rate in comparison with the hatching 
group (53.96 vs 47.94%, respectively) (Zhao et 
al., 2019).  

 
The numbers of TE cells that has to be 

biopsied is a matter of debate. It seems when 
the number of biopsied TE cells was <15, the 
pregnancy was not affected by the technique 
(Neal et al., 2017). Also, it was shown that TE 
biopsy did not compromise the cryosurvival of 
blastocysts (Cimadomo et al., 2018). TE biopsy 
is associated with high efficacy and accuracy 
(Greco et al., 2015). Regarding safety and 
neonatal outcomes of TE biopsy, a recent meta-
analysis showed that time of biopsy (day 3 vs 
day 5) was not correlated with clinical pregnancy 
and live birth rates without affecting early 
childhood diseases (Natsuaki and Dimler, 2018). 
He and colleagues in a large study followed 
1,721 children born after TE biopsy. They found 
no relationship between increased risk of 
neonatal outcomes and blastocyst biopsy (He et 
al., 2019). The effect of TE biopsy has been 

proposed on embryo gene expression. TE 
biopsy may down regulate the expression of 
different genes in the placenta like placental 
growth factors by disruption of tight junctions 
between TE cells (Tocci, 2021). One concern is 
the relationship between embryo biopsy and 
increased risk of monozygotic splitting following 
embryo biopsy (Kamath et al., 2020). Sellers et 
al. in a recent retrospective study showed an 
increased risk of monozygote twining following 
TE biopsy (Sellers et al., 2021).  
 
Blastocentesis  

Blastocentesis is a micromanipulation 
technique performed at the blastocyst stage. 
This technique is a part of a non-invasive PGT 
(niPGT) procedure (Leaver and Wells, 2020). To 
do this, a very low amount of blastocoel fluid (≈ 
1µl) is aspirated from the blastocyst with an 
injection pipette (Cimadomo et al., 2020). Rule 
and colleagues showed that cell-free DNA that is 
present in the blastocoel fluid is associated with 
embryo quality (Rule et al., 2018). Nuclear and 
mitochondrial DNA found in the blastocoel fluid 
may be used for PGT (Hammond et al., 2016). 
Recently, Magli et al. evaluated the presence of 
DNA in blastocoel fluid with the ensuing 
pregnancy rate (Magli et al., 2019). They 
concluded that blastocoelic DNA was associated 
with blastocyst ploidy and could be considered 
as a predictor of a viable pregnancy. Further 
studies are required to clinically approve this 
minimally invasive technique. 

 
Polar body biopsy  

Since introduction of PB biopsy in 1990 
(Verlinsky et al., 1990), several indications have 
been proposed for this technique including 
detection of single-gene disorders, X-linked 
disorders, analysis of translocations, HLA 
matching and aneuploidy (Verlinsky et al., 1997, 
Verlinsky et al., 2001, Munné et al., 1998). First 
PB is extruded following first meiotic division and 
second PB is extruded following second meiotic 
division.  

 
First and second PB can be safely removed 

for estimation of oocyte genetic material without 
any detrimental effects on fertilization or embryo 
development. First and second PB biopsies are 
considered as alternative methods for reading 
genome to embryo biopsy. This method can be 
chosen in countries with restrictions on embryo 
biopsy and cryopreservation. However, only 
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maternal contribution can be analyzed and the 
role of sperm is neglected. To do this, ZP should 
be opened (usually by laser). Following zona 
drilling, the oocyte is held firmly by the holding 
pipette. A biopsy needle (18 µm diameter) is 
introduced into the oocyte to remove the PB 
(Montag, 2019). It is less invasive compared to 
blastomere and TE biopsy. Two PBs can be 
removed simultaneously or sequentially. In the 
latter, the first PB is removed from the oocyte 
and the second PB is removed after fertilization 
(Gianaroli, 2000).  

 
The optimum time for first PB biopsy is before 

or just after ICSI and for second PB is 16 hours 
after insemination (Montag, 2019, Greco et al., 
2020). Simultaneous first and second PB 
removal is less invasive compared to separate 
removal of each PB, and is suggested this be 
performed at 8-14 hours after fertilization 
(Montag, 2019). If the sequential approach is 
selected, second PB should be removed from 
the zona opening created for first PB biopsy. 
The zona opening must be as small as possible 
to avoid hatching problems. Evaluating both PBs 
can improve the abnormality detection rate 
(Schmutzler, 2019).  

 
Verpoest et al. in a multicentric, multinational 

randomized clinical trial showed that embryo 
selection according to PGT-A in first and second 
PB did not impact on live birth rate in advanced 
maternal age (36-40 years; Verpoest et al., 
2018). PB errors are dependent on female age 
and it seems that first PB analysis is more 
suitable for young women while the first and 
second PB analyses more suited for older 
women (Fragouli et al., 2011). More caution 
should be exercised if the PB is fragmented. If 
PB is fragmented, the fragments should also be 
removed and analyzed for increasing test 
accuracy. Missing PB fragments may lead to 
misdiagnosis (Montag, 2019). There are 
controversies with regards to the clinical 
application of PB biopsy (Christopikou et al., 
2013, Salvaggio et al., 2014).  
 
Artificial shrinkage          
 

Embryos can be cryopreserved at any stage 
from zygote to blastocyst. Blastocyst 
cryopreservation is the most efficient stage 
(Nagy et al., 2020) but day 4 compacted morula 
may be more resistant to damage during cooling 

but day 4 cooling has been less attempted in the 
human. This remains to be investigated.  

 
Cryopreservation of blastocysts may be 

associated with an increased risk of formation of 
ice crystals due to presence of a high amount of 
water in the blastocoele cavity. Artificial 
shrinkage or blastocyst collapse refers to fluid 
removal from the blastocoel cavity before 
vitrification which was anticipated to reduce the 
risk of ice crystal formation. There are different 
methods of artificial shrinkage including 
blastocyst puncture, aspiration of blastocoele 
fluid and use of high osmotic media (Hiraoka et 
al., 2004, Davidson et al., 2019).  

 
Application of laser pulse is also performed 

for artificial shrinkage (Boyard et al., 2020). 
There are several studies about the beneficial 
effects of blastocyst collapse on ART outcomes 
(Van Landuyt et al., 2015b, Pooyanfar et al., 
2018, Hiraoka et al., 2004). Vanderzwalmen and 
colleagues reported live birth following artificial 
shrinkage (Vanderzwalmen et al., 2002) and 
numerous studies have been performed to 
evaluate efficacy of this technique.  

 
It seems retrospective studies are in favor of 

beneficial effects of this technique on pregnancy 
and implantation rates. Mukaida et al. used 
mechanical or laser for blastocyst collapse and 
showed a significant increase in survival and 
clinical pregnancy rates in the experimental 
group compared to the control (Mukaida et al., 
2006). In a retrospective study, it was found that 
using artificial shrinkage by laser or osmotic 
shock increased survival and implantation rates 
compared to controls, however, there was no 
significant difference between laser and osmotic 
shock (Iwayama et al., 2011). Wang and 
colleagues compared two methods of artificial 
shrinkage and found that the rate of neonatal 
outcomes was the same for laser and micro-
needle method; while, the rates of implantation, 
pregnancy and live birth were higher in the laser 
group (Wang et al., 2017). Nevertheless, Van 
Landuyt in a randomized controlled trial showed 
that artificial shrinkage by laser could not 
significantly increase the implantation rate, 
although the survival rate was significantly 
increased (Van Landuyt et al., 2015a). It was 
shown that the delivery rate could also be 
increased following artificial shrinkage in a 
retrospective study (Levi-Setti et al., 2016).  
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In a prospective observational study, Kovačič 
et al. showed that re-expansion speed of 
artificially collapsed embryos may be different 
with no impact on live birth rate (Kovačič et al., 
2018). However, a recent systematic review and 
meta-analysis showed that artificial shrinkage of 
blastocyst before vitrification can improve rates 
of survival and clinical pregnancy, but has no 
impact on the live birth rate (Boyard et al., 
2020).  

 
Recently, an animal study showed that a 

combination of artificial shrinkage and melatonin 
supplementation may increase the hatching rate, 
reduce apoptotic cells and could be an 
alternative method to improve cryotolerance 
(Marques et al., 2021). It seems there is no 
impact on neonatal outcomes of artificial 
shrinkage (Mitsuhata et al., 2019).    
 
Embryo splitting 
 

Embryo splitting or embryo twinning is a 
natural method to copy organisms. The term 
"cloning" is used for embryo splitting due to 
producing several embryos with the identical 
genomes (Medicine, 2004). Compared to 
another method of copying organisms, somatic 
cell nuclear transfer, embryo splitting is more 
cost-effective and less invasive. Embryo splitting 
has several indications like producing more 
embryos for poor responders, producing 
genetically identical embryos for research and 
producing more embryos to generate new 
pluripotent stem cell lines (Noli et al., 2017, 
Omidi et al., 2019). Indeed, this technique can 
increase the number of embryos that can be 
used for infertility treatment or research 
purposes. Mainly, this technique is performed at 
cleavage-stage or post-compaction embryo.  

 
Research on animal embryo splitting was 

started in the 19th century followed by human 
reports about one hundred years later in the 90s 
(Driesch, 1894, Hall et al., 1993). For embryo 
splitting/blastomere separation at the cleavage-
stage embryo, one or two blastomere/s is/are 
removed from donor embryo and inserted into 
an empty ZP producing split twin and 
supposedly identical embryo designated by the 
authors as “recipient” embryos. If more cells are 
removed, the technique is more invasive but the 
success rate is increased. This technique is 
similar to blastomere biopsy. The embryo should 

be incubated in Ca
++

/Mg
++

 free medium for 10 
minutes. After opening the ZP (35-40 µm), the 
biopsy needle (ID: 35 µm) is gently inserted into 
the embryo and the blastomeres removed one 
by one and placed in a host empty ZP (Omidi et 
al., 2019). Empty ZP has several indications in 
ART and the method for preparing empty ZP 
has been previously described (Halvaei et al., 
2016b). Splitting at the post-compaction embryo 
(bisection) is performed with a surgical 
microblade to halve the embryo. In case of 
blastocyst, ICM and TE cells are divided into two 
segments (Noli et al., 2017). There is a lack of 
data on the bisection method on human 
embryos. Wood, in a cattle model, reported a 
30-40% increase in the chance of conception 
and concluded that embryo splitting may reduce 
cost, stress, time and complications for patients 
who are seeking ART treatment (Wood, 2001). It 
was shown that embryo splitting at the cleavage-
stage embryo could result in producing viable 
twin blastocysts. Van de Velde split six 4-cell 
embryos and cultured each blastomere 
individually. They found that each blastomere 
can produce a blastocyst with ICM and TE (Van 
de Velde et al., 2008).  

 
Although a blastomere can produce a 

blastocyst, the quality of blastocyst is not 
satisfactory (Tang et al., 2012). However, Noli 
and colleagues showed that the quality of 
blastocysts derived from blastomere separation 
was low. There was a delay in detection of ICM 
in twin blastocysts with small size and low 
quality (Noli et al., 2015). Illmensee et al. 
evaluated the effects of serial cleavage-stage 
embryo splitting in a mouse model. They found 
that up to the second splitting, the rate of 
blastulation was satisfactory (Illmensee et al., 
2006). The size of twin blastocyst is dependent 
on the number of blastomeres used for its 
creation (Noli et al., 2015). Splitting efficacy was 
higher at 6- to 8-cell embryos compared to 2- to 
5-cell stage (Illmensee et al., 2010). Splitting 
success rate is dependent on the morphological 
quality of embryo before splitting (Illmensee et 
al., 2010).  

 
Metabolic profiles of twin embryos may have 

different patterns compared to controls. Noli et 
al. showed that split embryos secrete a low level 
of miRNA-30c, a marker of blastocyst 
implantation, and 22.9% miRNAs detected in 
split embryo culture medium were not secreted 



Micromanipulation in human ART   
Halvaei and Khalili, 2022  22 
 

 
 
 

in the control blastocysts (Noli et al., 2017). 
Omidi et al. found that blastocyst rate was 
significantly higher in donor embryos compared 
to the “recipient” (its split twin) embryos. It is 
suggested to place the blastomeres inside the 
empty ZP near each other to facilitate the re-
establishment of cell–cell contact which is 
necessary for further development. Omidi et al. 
tried to derive human embryonic stem cells from 
twin 3PN embryos with their splitting protocol 
(Omidi et al., 2019). Morphokinetics of embryo 
may be affected by splitting (Noli et al., 2015). 
Omidi et al. found that there were significant 
differences in attaining compaction and 
expansion stages between the twin and control 
embryos while the rate of aneuploidy and 
mosaicism was the same between different 
groups (Omidi et al., 2020). The same group 
evaluated splitting efficacy and developmental 
potential of in vitro splitting at cleavage-stage 
embryos into different groups. They showed a 
high splitting and developmental efficacy for 
frozen-warmed donated embryos followed by 
aneuploid, parthenogenic and in vitro 
maturation-derived embryos.  

 
The total cell number and the proportion of 

dead cells were significantly lower in twin 
embryos compared to controls (Omidi et al., 
2021). As splitting is an invasive technique, it 
could be anticipated that blastomeres respond to 
this stress at the molecular level. The 
transcriptome and gene expression are also 
affected by blastocyst splitting in animal models 
(Velasquez et al., 2016, Ventura-Juncá et al., 
2015). The embryo quality is an important 
predictor of splitting efficacy and developmental 
potential of derived blastocysts. Therefore, good 
quality embryos with more cell numbers are 
recommended for splitting. The ASRM has 
approved research on embryo splitting, but the 
concerns that remain to be addressed is its 
clinical application (Medicine, 2004). The clinical 
usage of this technique needs further 
investigation and strict guidelines need be 
defined to avoid abuse.    

 

 
Conclusion 
 

A successful ART procedure needs normal 
and healthy sperm, oocyte and embryo. When 
confronted with abnormal gametes and 
embryos, different strategies can be applied to 

improve the success rate including the use of 
appropriate micromanipulation techniques. The 
ingenuity and technical skills of embryologists 
are paramount to introduce and perform these 
techniques. Each technique has its pros and 
cons, and should be carefully selected for 
special cases and routine application is not 
recommended. It is cautioned that the concerns 
about genomic and epigenomic alterations 
induced by micromanipulations exists. Patients 
should be aware of any probable side effects 
and comprehensive consultation is necessary 
when less common and less utilized 
micromanipulation techniques are applied. It is 
anticipated that many more micromanipulation 
techniques will be introduced in the future to 
overcome infertility problems in ART program.  
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