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1. Introduction 

Prolonged cultivation of embryos to the blastocyst stage has become a routine practice in the 
human in vitro fertilization program (IVF) since 1999, when the first commercial sequential 
media were developed. The culture systems have been improved many times and today 
most of the blastocyst culture media enable the embryos to reach the blastocyst stage in 
more than 50% of cases (Gardner et al., 1998; Kovačič et al., 2004). The advantages of 
blastocyst culture are in the possibilities for selection of embryos that have an activated 
genome (Braude et al., 1988), higher predictive values for implantation on the basis of their 
morphological appearance as compared with earlier embryos (Gardner and Schoolcraft, 
1999; Kovačič et al., 2004) and in a reduction in the number of transferred embryos without 
compromising pregnancy rate (Gardner et al., 2000a). Blastocyst is also a stage that is better 
synchronized with endometrial receptivity for its implantation (Croxatto et al., 1978; 
Gardner et al., 2000c). By replacement of embryos in the blastocyst stage, their exposure to 
hyperstimulated milieu and consequent endometrial contractions, which could be fatal for 
them, is significantly shortened (Lesny et al., 1998). Blastocysts also contain a larger number 
of cells than early stage embryos and should therefore have a better possibility of survival of 
cryopreservation (Veeck, 2003). 

2. Blastocyst culture 

The first synthetic medium of only 9 components for mammalian embryos was developed 
50 years ago. Since then, intensive research has continued to develop the optimum 
chemically defined media for human embryos (Summers and Biggers, 2003). In various 
parts of the female reproductive tract, a precise biochemical analysis of uterine and 
Fallopian tubal fluids was carried out and the metabolism of energy substrates has also been 
studied (Leese et al., 1993; Conagham et al., 1993; Houghton et al., 2002; Gardner et al., 
2001). These investigations lead to the development of sequential media for prolonged 
cultivation of human embryos (Gardner and Lane, 1997). After that, the media have been 
modified several times by adding other macromolecules, which enhance embryo 
development and implantation, e.g. EDTA (Gardner et al., 2000b) and hyaluronan (Stojković 
et al., 2002). Also, the toxicity of the medium occurring due to the degradation of amino 
acids was decreased by substituting the heat-sensitive glutamine for the more stable alanyl-
glutamine (Lane et al., 2001). By using commercial blastocyst media in the human IVF 
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program, a blastocyst development rate should be at least 50%. The blastulation rate and 
quality of developed blastocysts can be improved by reducing the oxygen concentration in 
the incubator atmosphere (Kovačič and Vlaisavljević, 2008; Kovačič et al., 2010). 

3. Blastocyst development 

3.1 Compaction 

An early embryo begins to divide without increasing its volume. After the third mitotic 
division, a substantial protein biosynthesis is restored and the embryo starts growing. 
Consequently, the junctions between blastomeres change, leading to the formation of the 
compact stage. Compaction should normally be completed on the fourth day of its 
development when the embryo reaches the morula stage (Abe et al., 1999).  

The junctions are dynamic and change during mitosis. Compaction represents the beginning 

of differentiation, followed by polarization of peripheral blastomeres and lost of totipotency. 

The polarization is induced by junctions with neighbouring blastomeres. Due to embryo 

growth, the cells lose their oval shape and become more tightly connected to each other. 

Compaction is therefore a process of forming gap junctions, adherens junctions, tight 

junctions and desmosomes between blastomeres. Gap junctions are especially important for 

transport of metabolites and molecules that regulate mitotic divisions (Ducibella et al., 1975). 

The membranes between the cells are difficult to observe with a light microscope. The 

abnormally tight junctions lead to exclusion of blastomeres from the formation of a compact 

embryo (Watson, 1992). 

3.2 Cavitation 

Approximately 24 hours after compaction, the cells start forming a fluid-filled cavity – 

blastocoel. During cavitation, the cells differentiate into the trophectoderm (TE) and inner 

cell mass (ICM). TE cells maintain cell polarity. Accumulation of water within the blastocoel 

is a result of Na+ transport into the blastocoel. Na/K ATPase on basolateral membrane of TE 

cells pumps intracellular Na+ from TE into the blastocoels (Watson and Kidder, 1988). 

Trophectodermal cells are connected by a small surface area with frequent tight junctions 

and desmosomes that form a seal between cells and maintain cell polarity. They prevent 

blastocoel liquid from pouring out and keep sodium ions within the blastocoel. (Gualtieri et 

al., 1992; Garrod et al., 1996). These ions cause osmotic gradient, which consequently results 

in the passive diffusion of water molecules into the blastocoel causing the blastocoel to start 

to grow (Watson, 1992). 

The expansion of the blastocoel plays an important role in differentiation between TE and 

ICM. The ICM cells are non-differentiated and pluripotent and should form a compact and 

oval formation. Outer membranes of ICM don’t have junctions with other cells and 

communicate directly with blastocoel fluid. They are under the regulation of specific growth 

factors from the blastocoel that regulate their differentiation into the primitive endoderm. 

The blastocoel fluid also functions as a culture medium for ICM (Dardik et al., 1993). Its 

molecular composition mostly depends on TE cells. One of the functions of TE is also in 

reducing the oxygen concentration in the blastocoel fluid and enabling hypoxic conditions 

that are required for normal gene transcription in ICM cells (Houghton, 2006). 
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4. Blastocyst scoring systems 

The introduction of blastocyst culture into an IVF program offers the possibility for reducing 

the number of transferred embryos. But the replacements of more than one blastocyst still 

results in a very high proportion of multiple pregnancies (Vlaisavljević et al., 2008). For this 

reason, the tendency for single blastocyst transfer arises and various methods of selecting the 

optimal blastocyst with good developmental potential have been published. Numerous 

biochemical studies showed that selection between the blastocysts can be made by evaluating 

their metabolic activity (Hardy et al., 1989; Conagham et al., 1993; Gardner et al., 2001; 

Houghton et al., 2002). These biochemical methods are time consuming and require expensive 

additional laboratory equipment. Besides this, their values in predicting the implantation 

ability are not higher than values obtained by morphological assessment. Thus, blastocyst 

morphology evaluation still remains the most frequently-used selection method.  

Over the last 20 years, several blastocyst morphology evaluation systems have developed. 

Dokras et al. (1993) were the first who attempted to define the optimal blastocyst by 

differentiating them according to whether the blastocoele originated from early cavitation or 

from several vacuoles. In the early period of human blastocyst culture, many gave the 

priority for selecting the embryos for transfer to blastocysts with more expanded 

blastocoeles (Shoukir et al., 1998) and to hatching blastocysts (Balaban et al., 2000; Yoon et 

al., 2001). Later, Gardner and Schoolcraft (1999) described the new three part scoring system 

that took three morphologic parameters into consideration: blastocoele expansion, form of 

inner-cell mass (ICM) and trophectoderm (TE) cohesiveness.  

4.1 Tripartite scoring of blastocysts 

Gardner and Schoolcraft (1999) gave six numerical scores (1-6) to blastocysts regarding the 

degree of blastocoel expansion and status of hatching. The early blastocysts with the 

beginning of blastocoel formation are scored as 1 and hatched blastocysts as 6 (Figure 1).  

 

 

Fig. 1. Expansion and hatching status.  
1 The blastocoel cavity represents less than half the volume of the embryo; 2 The blastocoel 
cavity is more than half the volume of the embryo; 3 Full blastocyst, cavity completely fills 
the embryo; 4 Expanded blastocyst, cavity is larger than the embryo with thinning of the 
shell; 5 Hatching out of the shell; 6 Hatched out of the shell. (Gardner & Schoolcraft, 1999). 
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ICM is only possible for assessment of full blastocysts graded 3-6. The ICM and TE were 
assessed each as A, B or C, where A is the score for optimal morphology and C for severe 
irregularities observed (Figure 2). By using this scheme, the transfer of blastocysts scored 
3AA or greater results in a pregnancy rate of 60%.  

 

Fig. 2. Inner cell mass (black arrows) and trophectoderm (white arrows) scores.  
Inner cell mass:A Many cells, tightly packed; B Several cells, loosely grouped; C Very few 
cells. Trophectoderm: A Many cells forming a cohesive layer; B Few cells forming a loose 
epithelium; C Very few large cells. (Gardner & Schoolcraft, 1999). 

Gardner’s system has been modified by Cornell’s group (Veeck and Zaninović, 2009). The 
compact embryos with early cavitation and with blastocoels smaller than half the volume 
of the embryo was considered to be cavitating morulas and not blastocysts. Blastocysts 
were defined as having blastocoels filling greater than half the volume of the conceptus 
and should possess cells that suggest the formation of ICM. This means that Score 3 from 
Gardner’s system is equal to Score 1 from Cornell’s grading. Blastocysts with slightly 
thinner zona due to growing of the embryo are graded with Score 2. Score 3 is given to 
fully expanded blastocysts with thin zona. Scores 4 and 5 are equal to Gardner’s Scores 5 
and 6. Grade 6 was given to hatching or hatched blastocysts in which the zona has been 
opened due to blastomere biopsy or assisted hatching. Besides this, Cornell’s system 
contains four alphabetical grades (A-D) for ICM and four for TE, where D is the score for 
degenerative ICM or TE.  

By transferring one 1BD, an implantation rate of 59% was achieved, and replacement of one 
3AA, 3AB or 3BA, resulted in implantation in 63% of cases. The difference was not 
significant and the authors concluded that any defined blastocyst on day 5 will lead to good 
pregnancy and implantation results. Lower success rates were obtained only after 
replacement of day-5 morulas (17%).  

4.2 Grading of blastocysts 

Too little attention has been given to individual grading parameters, and the main question 
in the selection process is which of the blastocyst structures is more important for achieving 
normal pregnancy. A tripartitive scoring system is therefore difficult to use in evaluating the 
implantation ability of various morphological types of blastocysts. It is not helpful in cycles 
in which the blastocysts for transfer have to be selected between suboptimal blastocysts. 
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From this reason, Kovačič et al. (2004) developed the simple blastocyst grading system. They 
took four morphological parameters into consideration: expansion of blastocoels, 
morphology of ICM, cohesiveness of TE and presence of excluded blastomeres or fragments 
from the formation of blastocysts (Figure 3). This system does not distinguish between 
different degrees of blastocoel expansion. The authors explained their decision with the fact 
that the blastocoel can fill and expands in a very short time. They described eight 
morphological types of day-5 embryos that are most frequently found in the cohort of vital 
embryos after prolonged cultivation in vitro. All eight types were ranked for their 
implantation abilities and live birth rates from B1 to B8 (live birth rates: 45.2%, 32.8%, 26.9%, 
23%, 17.7%, 16.7%, 7.7%, 1.2%). ICM was found to be the most important factor for 
successful implantation.  

 

Fig. 3. Grading of blastocysts by Kovacic et al. (2004).  
B1 Optimal blastocysts: full or expanded blastocysts with blastocoele filling the entire 
blastocyst, oval shaped and compact inner-cell mass (ICM) and multicellular cohesive 
trophectoderm (TE). B2 Expanded blastocysts with normal ICM, but non-optimal 
(fragmented or necrotic) TE. B3 Unexpanded blastocysts and compact morulae with 
beginning of cavitation. B4 Expanded blastocysts with normal TE, but non-optimal (non-
compact or fragmented) ICM. B5 Expanded blastocysts with non-optimal ICM and TE. B6 
Slightly smaller blastocysts with up to 20% excluded blastomeres or fragments from the 
formation of blastocyst. B7 Necrotic blastocysts without ICM and with large vacuole instead 
of blastocoel. B8 Small blastocysts with less than 80% of embryonic mass transformed into 
compact morulae or blastocysts. 

4.3 Other morphological characteristics with impact on implantation 

Individual grading parameters were further studied by various groups.  

Using morphometry of ICM, Richter et al. (2001) defined optimal blastocysts even more 
precisely. The authors discredited the previously described tripartitive scoring systems, 
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stating that the observed differences using this system reflect differences in 
developmental timing rather than differences in actual quality. More attention in their 
own study was given to measuring of ICM size and shape. They found that the ICMs of 
implanting blastocysts were significantly larger than ICMs of non-implanting ones. A 
linear positive relationship between ICM size and implantation ability was revealed. 
Optimal ICM size was defined as measuring >4500 µm2 and poor blastocysts with ICM 
size of <3800 µm2 (implantation rates 45% vs. 32%). The ICM shape seems to play an 
important role in further embryo development as well, since blastocysts with optimal ICM 
sizes and oval shapes implanted in a higher proportion (60%) than the blastocysts with 
ICMs that were only optimally sized (29%) or shaped (32%). 

Ebner et al. (2004) found a significant difference in blastocyst implantation rates when the 

location of herniation during hatching process is positioned in the ICM region or TE region 

(67% vs. 41%). 

Between various morphological characteristics with possible influence on further embryo 

development, cytoplasmic strings that connect ICM with TE (Scott, 2000) and vacuoles in the 

ICM region were found to decrease implantation ability. 

The proportion of cytoplasm excluded from the formation of blastocysts either as 
blastomeres or fragments is also in correlation with embryo ability to reach a 
morphologically optimal blastocyst (Ivec et al., 2011). 

The effect of delay in development to blastocyst by one day was also analyzed by several 

groups. It can frequently occur that embryos reach blastocyst stage only on day 6. The 

reasons for this phenomenon are not exactly known. It was only hypothesized that 

cytoplasmic immaturity of oocytes, chromosomal abnormalities in blastomeres and 

suboptimal culture conditions could cause longer intermitotic periods and, consequently, 

slower embryo development. Our results (Ivec et al., 2011) showed that 84.4% of compact 

day-5 morulas are able to reach the blastocyst stage, but only 23.9% of them are 

morphologically optimal blastocysts.  

Day-5 blastocysts usually result in better implantation rate than embryos that are 

transferred into the uterus as day-6 blastocysts (37.4% vs. 20.6% in Shapiro et al., 

2001)(22.1% vs. 3.6% in Barrenetxea et al., 2005). However, the implantation rates can be 

improved when day-6 blastocysts are frozen and replaced during one of the next fresh 

cycles (Shapiro et al., 2008).  

5. Blastocyst selection for transfer 

Multiple pregnancies, the usual complications of an IVF program, present a serious 
perinatal risk for mother and child. The analyses of assisted reproductive technology 
outcomes from European and American registers reported that one half of children born 
after IVF/ICSI methods derived from multiple pregnancies (de Mouzon et al., 2010; 
Schieve et al., 1999).  

Such a high rate of multiple pregnancies after IVF has been accepted in the past, since 
acceptable success rates have been achieved only after the transfer of three or four early 
cleavage stage embryos. By improving the culture conditions, developing culture media for 
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prolonged cultivation of embryos in vitro and by introducing the blastocyst culture, 
reduction of the number of embryos for transfer was enabled (Vlaisavljević et al., 2008). 
Moreover, it has been proved in many studies that the transfer of only one blastocyst in a 
group of patients with the highest probability for conception can result in a similar 
pregnancy rate as the transfer of two blastocysts, but the proportion of multiple pregnancies 
is significantly reduced (Gerris et al., 2005). The analysis of outcomes of 904 IVF cycles from 
four randomized studies and 7404 cycles from six cohort studies showed a pregnancy rate of 
33.9% after elective single embryo-transfers (eSET) and 35% after double embryo-transfers 
(DET), and a very high twins rate of 32.6% in the DET group (Gerris et al., 2005).  

The success rate of eSET mainly depends on the ability of selection of the best embryo from 
all those available. The selection made among blastocysts is easier than selection of early 
cleavage stage embryos. Nevertheless, the morphology of blastocysts is very heterogeneous 
and a decision for single or double blastocyst transfer is sometimes very difficult, especially 
if only morphologically suboptimal blastocysts are available.  

5.1 Transfer outcome in relation to blastocyst morphology 

The analysis was made on 2779 blastocyst transfer cycles performed at the Maribor IVF 
Centre from 2001 to 2010 in a patient group with female ages of less than 36 and a maximum 
of one previous IVF attempt. Ovarian stimulation protocols with a combination of GnRH 
agonist/GnRH antagonist and recombinant FSH (Gonal-f®, Serono International SA, 
Geneva, Switzerland)/HMG (Menopur, Ferring Pharmaceuticals Inc., Saint-Prex, 
Switzerland) were used and described previously in detail (Vlaisavljević et al, 2008). The 
decision for short or prolonged embryo culture was made on the third day after oocyte 
insemination. The embryos were cultivated to day 5 if the cohort of day-3 embryos had 
more than two morphologically optimal embryos containing eight equally-sized 
blastomeres and less than 10% of cytoplasmic fragments in the periviteline space. Embryos 
were cultivated in sequential media (BlastAssist System, Medicult/Origio, Denmark) and 
were assessed daily by using the conventional grading system for early embryos and our 
blastocyst grading system (Kovačič et al., 2004). Single (SBT) or double blastocyst transfer 
(DBT) was selected with the agreement of patients. In 2008, the Health Insurance Institute of 
Slovenia strove to lower the number of multiple pregnancies. It widened the rights of 
patients by reimbursing them for two additional IVF cycles, allowing a total of six cycles to 
be reimbursed. But in women younger than 36, only one top-quality embryo in the first two 
IVF cycles should be transferred. According to this limitation, elective single blastocyst 
transfer was favoured from 2008 in this patient group. 

The analysis shows similar delivery rates in groups of transfers of single optimal blastocyst, 
double optimal blastocysts or double optimal + non-optimal blastocysts (54.7% vs. 60.4% vs. 
53.1%; P>0.05).  

The twins rate was 51.9% in the group of double optimal blastocysts and only 10% less 
(41.5%) in double optimal + non-optimal blastocyst group.  

Single non-optimal or double non-optimal blastocyst transfers resulted in equal delivery 
rates (32.6% vs. 34.7%), but they were significantly lower than the delivery rate obtained in 
the group of single optimal blastocyst transfers (54.7%)(p<0.05). Nevertheless, the twins rate 
in double non-optimal blastocyst transfer was still 28%. 
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A more detailed analysis of transfers of poor quality blastocysts graded B5 to B8 shows, 
again, very similar delivery rates after SBT and DBT (29.1% vs. 26.9%) and a twins rate of 
21.7% in the DBT group. 

 
Single blastocyst 

transfer 
Double blastocyst 

transfer 

Blastocyst quality  Optimal 
Non-

optimal 
Optimal 
Optimal 

Optimal 
Non-

optimal 

Non-
optimal 

Non-
optimal 

No. of transfers  869 362 555 377 616 

Clinical pregnancies  546 (62.8) 124 (34.3) 373 (67.2) 227 (60.2) 248 (40.3) 

Deliveries  475 (54.7) 118 (32.6) 335 (60.4) 200 (53.1) 214 (34.7) 

Singletons  469 (98.7) 115 (97.5) 157 (46.9) 115 (57.5) 154 (72) 

Twins  6 (1.3) 3 (2.5) 174 (51.9) 83 (41.5) 60 (28) 

Triplets  0 0 4 (1.2) 2 (1) 0 

Values in parentheses are percentages. 

Table 1. Delivery rates after single and double blastocyst transfers in a group of patients 
younger than 36 with one or fewer previous IVF treatments. 

It is clear from previous reports (Henman et al., 2005; Lukassen et al., 2005; Vlaisavljević et 
al., 2008) that in women 36 years old and younger, where we expect a delivery rate per 
transfer of more than 30%, transferring two blastocysts will result in an unacceptably high 
percentage of multiple pregnancies. In some countries (like in Slovenia), the obligation for 
single embryo-transfer is not only related to patient age but also to embryo quality (for 
example: elected single embryo-transfer of top quality embryo). Some consider every 
blastocyst to be a top quality embryo, while others categorize them more precisely and 
decide for double transfer if blastocysts are not morphologically optimal. 

Our blastocyst grading system (Kovačič et al., 2004) consists of 7 morphologically 
suboptimal blastocyst types, and for each, the expected live birth rate was calculated in a 
patient group younger than 40. All the categories of suboptimal blastocysts, graded from B4 
to B8 had a live birth rate calculated at lower than 30%. According to the recommendation 
regarding the limitation of double embryo transfer in cycles with expected delivery rates of 
more than 30%, we can conclude that in cases with blastocysts graded B3 and higher, more 
than one blastocyst could be transferred. However, in our recent study (Table 2), the 
subpopulation of blastocyst transfers of very poor quality blastocysts was further analyzed. 
It was proven again that double blastocyst transfer does not improve delivery rate neither in 
cycles with optimal nor in cycles with very poor quality blastocysts.  

One of the main reasons for doubts about the reasonability of single blastocyst transfer in 
the past was in the relatively low success of the blastocyst-freezing program. The pregnancy 
rate in European countries was around 15% per one thawing cycle. This was only half of the 
pregnancy rate achieved by fresh blastocysts (de Mouzon et al., 2010), but the modification 
of vitrification techniques in the last couple of years have much improved the survival and 
live birth rates (Mukaida et al., 2001; Hiraoka et al., 2004; Kuwayama et al., 2005).  
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Single blastocyst 

transfer 
Double blastocyst 

transfer 

Blastocyst quality  B5 – B8 Both B5-B8 
No. of transfers  172 308 

Clinical pregnancies  57 (33.1) 99 (32.1) 

Deliveries  50 (29.1) 83 (26.9) 
Singletons  50 (100) 65 (78.3) 

Twins  0 (0) 18 (21.7) 
Triplets  0 0 

Values in parentheses are percentages. 

Table 2. Delivery and twins rate in a younger patient group after the transfer of one or two 
blastocysts of poor quality.  

6. Blastocyst morphology after cryopreservation 

Blastocyst is not the optimal stage for cryopreservation. It contains a large amount of liquid 
in the blastocoel, which must be eliminated before the embryo undergoes cooling. To 
achieve this, a high concentration of cryoprotectants must be used, despite that they can 
become toxic to an embryo after a longer exposure time. Vitrification is a two-step 
technique. In the first step, the blastocyst must be exposed to an equilibration medium, 
which causes partial dehydration and decreasing in the blastocyst volume and its re-
expansion after a couple of minutes. The second step must be performed in one minute. 
After putting the blastocyst into the vitrification medium, its blastocoel quickly looses 
liquid. Blastocysts are therefore vitrified in a collapsed stage. When it is warmed, its 
embryonic mass fills only 50% of the volume within zona pelucida (Figure 4A). By  

 

Fig. 4. Blastocysts that completely survived the vitrification/devitrification procedure.  
A Blastocysts in the collapsed stage immediately after devitrification. B Re-expanded 
blastocysts two hours later.  

A 

B 
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decreasing the concentration of cryoprotectants stepwise, the blastocyst should recover the 
volume of trophectoderm cells that they had before cryopreservation. The intracellular 
organelles must be redistributed forming polarized cells and a functional Na/K pump, 
responsible for filling the blastocoel with liquid. Two hours after warming, a blastocyst 
should partially or completely re-expand (Figure 4B) to the dimensions it had before 
vitrification. If the blastocyst survives, its ICM must be equally shaped and sized as before 
cryopreservation. 

6.1 Impact of blastocyst expansion on survival after vitrification 

Fresh blastocysts are heterogeneous in morphology and in the ability to survive vitrification. 
The aim of our study was to find out the implantation ability of various blastocyst types 
after vitrification, warming and embryo replacement (VER) and to estimate the prediction of 
live birth after VER.  

Day-5 surplus blastocysts or compact morulae from IVF/ICSI cycles were scored before 
vitrification by using our grading system (Kovačič et al., 2004) (Figure 3). Surplus 
blastocysts were vitrified in Cryo Bio System Vitrification straws (France) by using Irvine 
Scientific (USA) Vitrification protocol and media. Blastocysts were frozen individually, thus, 
their quality (grade) was known when they were thawed.  

Warmed blastocysts were replaced in natural cycles (n=327) or in cycles supported by 
estrogen/progesterone (n=103). In our retrospective study, we analyzed 430 
devitrification cycles in which 750 blastocysts were devitrified and 642 (85.6%) embryos 
survived and were replaced.  

Types of blastocysts before 
vitrification 

Expanded 
Blastocysts 

Early 
blastocysts 

Poor 
blastocysts 

Number of warmed 
blastocysts (n) 

552 97 101 

Morphology of warmed 
blastocysts 

   

a 
100% intact, re-
expanded (n) 

224 (40.6) 63 (64.9) 38 (37.6) 

b 
<100% >50% intact, 
re-expanded (n) 

200 (36.2) 21 (21.6) 32 (31.7) 

c 
<100% >50% intact, 
non-expanded (n) 

40 (7.2) 7 (7.2) 17 (16.8) 

d Damaged (n) 88 (15.9) 6 (6.2) 14 (13.9) 

Survival  
rate (a+b+c) (%) 

84.0 93.8 86.1 

Live births/warmed 
blastocysts (%) 

82/552 
(14.9) 

14/97 
(14.4) 

8/101 
(7.9) 

Live births/transferred 
blastocysts (%) 

82/464 
(17.7) 

14/91 
(15.4) 

8/87 
(9.2) 

Values in parenthesis are percentages. 

Table 3. Survival and live birth rates after vitrification in variously expanded blastocyst 
groups. 
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All warmed blastocysts were assessed for morphology, first, immediately after warming 
and second, two hours later, before the transfer was performed. Warmed blastocysts were 
categorized into four groups (A-D), considering the proportion of intact cells and the ability 
of re-expansion. A were blastocysts with 100% intact cells and re-expansion within two 
hours after cryopreservation. B were blastocysts with less than 100% and more than 50% of 
intact cells with the ability to re-expand the blastocoel. C contained blastocysts that 
remained non-expanded even after two hours of incubation after thawing. D blastocysts 
degenerated or had less than 50% of intact cells. 

Survival (more than 50% of intact cells), optimal survival (100% of intact cells and re-
expansion), implantation (gestational sac with heart beats) and live birth rates were 
calculated for all three groups of warmed blastocysts for which the outcome after 
replacement was known (98.4% of all transferred blastocysts).  

Blastocysts with optimal survival (a) contained all cells intact and were able to refill the 
blastocoel and expand after two hours of incubation. The rates of optimal survival differ 
significantly between expanded blastocysts (40.6%) and non-expanded blastocysts (64.9%) 
(P<0.0001). Among poor blastocysts, only 37.6% of them completely survived vitrification. 

By regarding overall survival rates (at least 50% of intact cells), those embryos with no 
blastocoel or with the beginning of cavitation survived vitrification better than 
morphologically optimal blastocysts with expanded blastocoel and normal TE and ICM 
(P<0.05). The same has been reported by Van Landuyt et al. (2011). The survival rates in 
their study were higher for early blastocysts (86.7%) compared to full (78.7%) or expanded 
blastocysts (72.7%). Similar results were also obtained by Cho et al., 2002; Vandezwalmen et 
al., 2002; Mukaida et al., 2006; and Ebner et al., 2009. This is probably due to lower 
permeability of later blastocyst stages to the cryoprotectant (Cho et al., 2002; 
Vanderzwalmen et al., 2002). 

6.2 Live birth rates after vitrification of variously expanded blastocysts 

Meta analysis of studies comparing transfer outcomes of slowly frozen/thawed and 
vitrified/warmed embryos and blastocysts showed significantly better clinical results in the 
vitrification group (Loutradi et al., 2008). Vitrification is becoming an increasingly popular 
method of cryopreservation due to simplification of the procedure. It is evident that this 
method improved survival and implantation rates, especially in the blastocyst 
cryopreservation program. There are some technical details with great impact on blastocyst 
survival. First, expanded blastocysts are sometimes more difficult to equilibrate with 
cryoprotectant than other stage embryos, thus, exposure to equilibration solution should be 
modified from embryo to embryo depending on its expansion rate. However, all procedures 
are time limited due to possible toxic effects in cases of longer incubation of embryos in 
cryoprotectant. Secondly, faster rates of cooling and warming can be achieved by 
minimizing the volume of the cryoprotectant with which embryos are vitrified. Most 
published studies on blastocyst vitrification present survival rates that are higher than 85% 
(Mukaida and Takahashi, 2007). However, there are still big differences in implantation and 
pregnancy rates among published studies.  

Mukaida and Takahashi (2007) achieved a pregnancy rate per warming of 48.4% and an 
implantation rate of 38.5% in 1500 warming cycles with 3500 warmed blastocysts by using the 
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cryoloop technique. They much improved their results when artificial shrinkage was applied 
in expanded blastocysts before vitrification (60% pregnancy and 48% implantation rate).  

Goto et al. (2011) demonstrated that there was a significant correlation between fresh 

blastocyst score and pregnancy outcome after vitrification, warming and transfer of 

blastocysts. The highest delivery rate was observed in the fully-expanded and hatching 

blastocyst group of transfers and the lowest success with early blastocysts (59.9% vs. 4.5%) 

in the young patient group. They reported the same success rate as is usually achieved with 

fresh optimal blastocysts. The blastocysts in this study were vitrified in open straws with a 

cooling rate of -23000oC/min. 

In our study, we used closed vitrification straws, according to EU Directives concerning 

tissue and cell storage, in which the blastocysts were vitrified with a cooling rate of 

approximately -2000oC/min. Our delivery rates in the expanded blastocyst group deviate a 

lot from Goto’s results (17.7%). We can’t explain the difference in success rates with different 

cooling rates used in both studies, since some experiments have already demonstrated that 

the success rate of blastocyst vitrification in a closed or open system can be the same (Guns 

et al., 2008). The results from our study are completely comparable with results from the 

Belgian group (Van Landuyt et al., 2011) in which the vital clinical pregnancy rate per 

transferred full blastocyst was around 17.5% and per transferred early blastocyst was 10.6%.  

In our and in Belgian studies, the blastocysts for vitrification were not rigorously 

preselected. Besides this, the difference from the Japanese studies is also in their waiting for 

blastocoels expansion or spontaneous hatching of blastocysts and in performing assisted 

collapsing before vitrification. All these details could be crucial for success, but their impact 

should be further investigated.  

7. Conclusions 

The calculated implantation ability of specific blastocyst type should help the clinicians in 

their decision regarding the number of fresh or frozen/thawed blastocysts for transfer and 

in predicting implantation and live birth after the transfer. Our results showed that single or 

double blastocyst transfer result in similar pregnancy rates in young patient groups, but the 

twin rate remains unacceptably high after the transfer of two blastocysts, especially if at 

least one of them is morphologically optimal. Double blastocyst transfer is therefore not 

advised in young patient groups.  

Vitrification is a cryopreservation method for surplus blastocysts. It seems that non-

expanded blastocysts are a more optimal stage for vitrification than expanded blastocysts, 

since the former survive vitrification at higher rates. Nevertheless, the implantation abilities 

of devitrified early blastocysts or expanded blastocysts were comparable, but significantly 

lower when compared to fresh blastocysts. It is not clear yet if the differences in success 

rates after the transfer of devitrified blastocysts between studies are the result of various 

preselection criteria for blastocysts suitable for vitrification or that there are details in 

vitrification techniques that are crucial for embryo survival and implantation. Further 

studies are required for analysis of the effect of open or closed vitrification systems, different 

cryopreservation media, assisted collapsing and times of exposing the embryos to 

vitrification solutions.  
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