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Objective: The aim of this study was to explore the effects of the insemination method on the outcomes of elective blastocyst culture.
Methods: We retrospectively analyzed the outcomes of elective blastocyst culture performed between January 2011 and December 2014. 
Results: There were 2,003 cycles of conventional in vitro fertilization (IVF) and 336 cycles of intracytoplasmic sperm injection (ICSI), including 
25,652 and 4,164 embryos that underwent sequential blastocyst culture, respectively. No significant differences were found in the female pa-
tients’ age, basal follicle-stimulating hormone level, basal luteinizing hormone level, body mass index, number of oocytes, maturity rate, fertil-
ization rate, or good-quality embryo rate. However, the blastocyst formation rate and embryo utilization rate were significantly higher in the 
conventional IVF group than in the ICSI group (54.70% vs. 50.94% and 51.09% vs. 47.65%, respectively, p < 0.05). The implantation/pregnancy 
rate (IVF, 50.93%; ICSI, 55.10%), miscarriage rate (IVF, 12.57%; ICSI, 16.29%), and live birth rate (IVF, 42.12%; ICSI, 44.08%) were similar (p > 0.05). 
No cycles were canceled due to the formation of no usable blastocysts.
Conclusion: Although the fertilization method had no effect on clinical outcomes, the blastocyst formation rate and embryo utilization rate in 
the ICSI group were significantly lower than those observed in the conventional IVF group. Therefore, more care should be taken when choos-
ing to perform blastocyst culture in ICSI patients. 
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Introduction

With the development of blastocyst culture technology, elective 

blastocyst culture and single blastocyst transfer have become an im-
portant way of improving the pregnancy rate and reducing the mul-
tiple pregnancy rate. However, there is no consensus regarding the 
inclusion criteria for blastocyst culture, especially about the effects of 
the insemination method on the outcome of elective blastocyst cul-
ture. 

Intracytoplasmic sperm injection (ICSI), which is used mostly for se-
vere male factor infertility and after fertilization failure in previous 
conventional in vitro fertilization (IVF) treatment, has been widely 
used. However, the ICSI procedure lacks the natural selection of 
sperm and bypasses the process in which spermatozoa penetrate 
the cumulus oophores and zona pellucida. This is unlike conventional 
IVF. Therefore, some concerns regarding embryo quality and preg-
nancy outcomes have been raised. Some research has demonstrated 
that the quality of embryos deriving from ICSI is inferior to the quality 
of those deriving from conventional IVF [1-3]. However, other studies 
have found that embryo quality was comparable between these in-
semination methods [4,5], or even superior in ICSI [6]. Therefore, it re-
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mains unclear whether ICSI affects embryo quality. It is well-known 
that the outcome of blastocyst culture is closely related to the quality 
of the embryos at the cleavage stage. Therefore, it is unclear whether 
with the same inclusion criteria for blastocyst culture, the culture re-
sults would be different between ICSI and conventional IVF. For this 
reason, the present study assessed the effects of the insemination 
method on the outcomes of elective blastocyst culture by retrospec-
tively analyzing elective blastocyst culture data from January 2011 to 
December 2014.

Methods

1. Experimental design and patients
The decision to use ICSI was based on abnormal semen parameters 

or previous fertilization failure with conventional IVF. The inclusion 
criteria for elective blastocyst culture were female age ≤ 35 years, the 
presence of ≥ 4 good-quality embryos on day 3, and ≤ 2 retrieval cy-
cles. Cycles with preimplantation genetic diagnosis, half-ICSI cycles, 
and rescue ICSI cycles were excluded. A total of 2,003 conventional 
IVF cycles and 336 ICSI cycles met the inclusion criteria and under-
went blastocyst culture. A retrospective analysis of these data was 
performed. Good-quality embryos on day 3 were defined as ≥ 6 cells 
with ≤ 10% fragmentation. Blastocysts were graded according to the 
Gardner grading system [7]. Blastocyst grading was performed by a 
single trained embryologist with over 10 years of experience. Usable 
blastocysts were defined as having inner cell mass and trophecto-
derm cells with a grade of BC/CB or higher. The embryo utilization 
rate was calculated as the number of usable blastocysts divided by 
the number of normally fertilized zygotes. All patients signed con-
sent forms regarding their treatment and the study was approved by 
the Medical Ethics Commission of Guangxi Maternal and Child 
Health Hospital. 

2. Ovarian stimulation and oocyte retrieval
Ovarian stimulation protocols were performed using the routine 

protocol developed by Center of Reproductive Medicine, Guangxi Ma-
ternal and Child Health Hospital. Briefly, all patients underwent down-
regulation with leuprolide acetate (Lupron; TAP Pharmaceuticals, Lake 
Forest, IL, USA). Ovarian stimulation was achieved with recombinant 
follicle-stimulating hormone (FSH) (Gonal-F; Merck Serono, Modugno, 
Italy). When two or more follicles reached a mean diameter of 18 mm 
or greater, 5,000 to 10,000 IU of human chorionic gonadotropin (hCG) 
(Serono, Geneve, Switzerland or Livzon, Zhuhai, China) was adminis-
tered. Oocyte retrieval was carried out 36 hours after hCG injection by 
vaginal ultrasound-guided puncture of the follicles. 

3. Sperm preparation
Fresh ejaculate samples for conventional IVF were prepared by Per-

coll density-gradient centrifugation (ART-2024; Sage, Trumbull, CT, 
USA). After gradient centrifugation, the bottom fraction was aspirat-
ed and washed one time at 750 g for 3 minutes. After washing, the 
concentration and motility were assessed. Fresh ejaculate samples or 
epididymal/testis sperm for ICSI were prepared by centrifugation at 
750 g for 3 minutes. The bottom fraction was then used for ICSI.

4. Conventional IVF procedure
For insemination, a 50-μL droplet with fertilization medium and 

progressively motile sperm was prepared, then 4 to 6 cumulus-oo-
cyte complexes were added into the droplet. The insemination was 
performed 39 to 40 hours after hCG injection. 

5. ICSI procedure
Before ICSI, cumulus cells were denuded from cumulus-oocyte 

complexes by hyaluronidase treatment using a Pasteur pipette. The 
denuded oocytes were then transferred to a culture dish for ICSI. The 
ICSI procedure was carried out using our routine methods. ICSI was 
likewise performed 39 to 40 hours after hCG injection. After injection, 
the oocytes were transferred to culture in fertilization medium until 
the time of pronuclear observation.

6. Embryo evaluation and transfer
Fertilization was usually confirmed 16 to 18 hours postinsemina-

tion (day 1). Cumulus cells were denuded from conventional IVF-in-
seminated oocytes using a Pasteur pipette. In both conventional IVF 
and ICSI, only zygotes with two pronuclei were transferred to an indi-
vidual droplet of Quinn’s cleavage medium (ART-1026, Sage), Quinn’s 
blastocyst culture medium (ART-1029, Sage) for further culture. On 
day 3, the cleavage embryos were scored. According to the patient’s 
condition and the cleavage ebryo quality, after informed consent, 
patients with a good prognosis were advised to delay the culture to 
the blastocyst stage. All cleavage embryos were then moved to 
Quinn’s blastocyst culture media (Sage) for further culture until day 5 
or day 6. If the patient was in a suitable condition for transplantation, 
intrauterine embryo replacement was carried out on day 5 or day 6 
with the best blastocyst. Otherwise, all usable blastocysts were cryo-
preserved for frozen cycles. All embryos were cultured in low oxygen 
with 5% O2.

7. Statistical analysis
All analyses were performed with the use of SPSS ver. 13.0 (SPSS 

Inc., Chicago, IL, USA). Statistical analysis was performed with the 
Student t-test and the chi-square test. Significance was set at p <  
0.05.
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Results

A total of 2,003 conventional IVF and 336 ICSI cycles were included 
in this study. Table 1 summarizes the outcomes of our study. The 
mean age of female patients, the basal FSH level, the basal luteiniz-
ing hormone level, and average body mass index were similar be-
tween these groups. 

In the conventional IVF group, 25,652 of the 35,521 oocytes were 
fertilized. The mean fertilization rate among retrieved oocytes was 
72.22%. In the ICSI group, 4,770 of the 5,845 oocytes were meta-
phase II and were injected with sperm; of these, 4,164 oocytes were 
fertilized. On the basis of the number of oocytes, there was no signifi-
cant difference in the fertilization rate between the conventional IVF 
and ICSI groups (72.22% vs. 71.24%, p > 0.05). Overall, 25,652 embry-
os in the conventional IVF group and 4,164 embryos in the ICSI group 
progressed to blastocysts, and the good-embryo rate on day 3 was 
similar (IVF, 59.57%; ICSI, 58.36%, p > 0.05), but the blastocyst forma-
tion rate was significantly different. In the conventional IVF group, 
14,032 blastocysts were formed, including 13,106 usable blastocysts; 
in contrast, there were 2,121 blastocysts, including 1,984 usable blas-
tocysts, in the ICSI group. Therefore, the blastocyst formation rate 

among fertilized oocytes in the conventional IVF group was signifi-
cantly higher than in the ICSI group (54.70% vs. 50.94%, p < 0.05) 
and the embryo utilization rate was also better in the conventional 
IVF group (51.09% vs. 47.65%, p < 0.05).

Regarding clinical parameters, no differences were found in the 
clinical pregnancy rate (IVF, 50.93%; ICSI, 55.10%), the miscarriage rate 
(IVF, 12.57%; ICSI, 16.29%), the ectopic pregnancy rate (IVF, 4.19%; ICSI, 
3.70%), or the live birth rate (IVF, 42.12%; ICSI, 44.08%) (p > 0.05) (Ta-
ble 2).

Discussion

As is known, the ultimate goal of assisted reproductive technology 
is for the patient to take one term healthy baby home per cycle [8]. 
Therefore, single-embryo transfer was proposed. Furthermore, elec-
tive blastocyst culture and single blastocyst transfer have been dem-
onstrated as the best way to achieve this goal [9-11]. However, blas-
tocyst culture is not suitable for all patients, so choosing patients ap-
propriately is critical. Nonetheless, there are no uniform inclusion cri-
teria for blastocyst culture. The parameters of the inclusion criteria 
have included the number of oocytes retrieved, the number of good 

Table 1. Demographics and outcomes of blastocyst culture in the IVF and ICSI groups   

Variable IVF ICSI p-value

No. of cycles 2,003 336 -
Mean age (yr) 29.75 ± 3.13 29.41 ± 3.36 0.081
Basal FSH (IU/mL)  6.85 ± 1.73  6.73 ± 1.46 0.236
Basal LH (IU/mL)  6.08 ± 3.75  6.36 ± 3.75 0.245
Average BMI (kg/m2) 21.02 ± 2.59 20.98 ± 2.59 0.808
No. of oocytes 17.73 ± 7.16 17.69 ± 6.92 0.923
Maturation rate 29,054/35,521 (81.79) 4,770/5,845 (81.61) 0.733
Fertilization rate 25,652/35,521 (72.22) 4,164/5,845 (71.24) 0.123
Good-quality embryo rate 15,280/25,652 (59.57) 2,430/4,164 (58.36) 0.141
Blastocyst formation rate 14,032/25,652 (54.70) 2,121/4,164 (50.94) 0.001
Embryo utilization rate 13,106/25,652 (51.09) 1,984/4,164 (47.65) 0.001

Values are presented as mean ± standard deviation or number (%).   
IVF, in vitro fertilization; ICSI, intracytoplasmic sperm injection; FSH, follicle-stimulating hormone; LH, luteinizing hormone; BMI, body mass index.

Table 2. Comparison of clinical outcomes between the IVF and ICSI groups   

Variable IVF ICSI p-value

No. of embryo-transfer cycles 1,453 245 -
Endometrial thickness (mm) 11.46 ± 2.25 11.70 ± 2.22 0.119
Embryos replaced per cycle  1.00 ± 0.00  1.00 ± 0.00 -
Clinical pregnancy rate 740/1,453 (50.93) 135/245 (55.10) 0.24
Miscarriage rate    93/740 (12.57)  22/135 (16.29) 0.267
Ectopic pregnancy rate   31/740 (4.19)  5/135 (3.70) 0.794
Live birth rate  612/1,453 (42.12) 108/245 (44.08) 0.577

Values are presented as mean ± standard deviation or number (%).   
IVF, in vitro fertilization; ICSI, intracytoplasmic sperm injection.   
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embryos on day 3, and the patients’ age [12]. No direct analysis has 
been conducted on the effect of the insemination method.

Therefore, the main purpose of this study was to compare the ef-
fect of different fertilization methods on the outcomes of elective 
blastocyst culture. No significant differences were found between 
conventional IVF and ICSI cycles in the mean age, basal levels of FSH 
or luteinizing hormone, body mass index, the number of oocytes, or 
the fertilization rate. All included cycles progressed to the blastocyst 
stage, and the good-embryo rate on day 3 was similar. Therefore, the 
main influencing factor in this study was the insemination method. 
Our data demonstrated that blastocyst formation in vitro was affect-
ed by the insemination method. The blastocyst formation rate in the 
ICSI group was significantly lower than in the conventional IVF group. 
This finding also confirmed the results that have been reported by 
others [1,3,13]. Griffiths et al. [3] used sibling oocytes with the same 
semen sample for conventional IVF or ICSI, and demonstrated that 
the ICSI procedure contributed to a reduced capacity for blastocyst 
formation. Other studies using surplus embryos [1,13,14], which 
were not able to control for potential confounders such as surplus 
embryo quality, also showed that blastocyst formation was compro-
mised by ICSI. However, some other studies did not support the con-
clusion that ICSI decreased the blastocyst formation rate [5,15]. This 
study, to our knowledge, was the first to only include cycles in which 
elective blastocyst culture was performed. 

The different blastocyst formation rate in conventional IVF and ICSI 
is mainly related to the different binding mechanism of the egg and 
sperm. During conventional IVF fertilization, natural selection of 
sperm takes place, just like in natural fertilization, in which the sperm 
must penetrate the oocyte-corona-cumulus complex, zona pelluci-
da, and plasmalemma, and only then can the sperm and oocyte be 
combined. However, in the ICSI procedure, the operation bypasses 
such selection, and so-called ‘forced fertilization’ can be achieved us-
ing spermatozoa that might never have attained natural fertilization 
or with genetic defects. In theory, embryonic development is influ-
enced by the quality of the sperm and egg. The first three cleavage 
divisions are mainly regulated by maternal genes, and then at the 4- 
to 8-cell stage of development, the embryonic genome is activated 
and the paternal genome starts to play a role [16]. Many studies have 
demonstrated that spermatozoa from patients with severe male in-
fertility had an adverse effect on blastocyst formation [17]. This may 
be related to the fact that spermatozoa from infertile men have high-
er rates of defects such as DNA damage and aneuploidy. Fluorescent 
in situ hybridization results have shown that chromosomal aneuploi-
dy was related to the presence of sperm with abnormal characteris-
tics, such as round-headed sperm and large-headed sperm [18]. 
Therefore, the embryo quality on day 3 may be associated with oo-
cyte-related factors, while genetically abnormal sperm may show a 

negative influence on blastulation. Our study also demonstrated that 
the good-embryo rates on day 3 in the conventional IVF and ICSI 
groups were similar, while the blastocyst formation rate in the ICSI 
group was significantly worse. This may have occurred because the 
condition of the female patients included in these groups was simi-
lar, but the semen parameters in the ICSI group were poorer. Incon-
sistent conclusions have been made about the effect of sperm on 
early embryo development. Some researchers have shown that se-
vere teratozoospermia had no effect on blastocyst formation [19,20]. 

In addition, the ICSI operation itself may be detrimental to the oo-
cyte, and furthermore to the development of the embryo. A study by 
Dumoulin et al. [21] indicated that the volume of aspirated cyto-
plasm, type of membrane breakage, and skill in performing ICSI had 
an effect on blastocyst formation. Meanwhile, manipulation of the 
degranulated cell and the injection of polyvinylpyrrolidone and cul-
ture medium into the oocyte may also influence the subsequent de-
velopment of the embryo. Furthermore, the injection needle may in-
jure the spindle, which may cause errors in the first cleavage division, 
then lead to aneuploidy. A paper showed that ICSI affected embry-
onic development and gene expression in cattle [22]. However, an-
other animal model reported that ICSI did not perturb embryonic 
development [23].

Our study compared the clinical outcomes between conventional 
IVF and ICSI groups, and showed that there were no differences in 
the clinical pregnancy/implantation rate, miscarriage rate, or live 
birth rate. These findings suggest that the subsequent developmen-
tal potential of blastocysts derived from ICSI did not appear to be af-
fected. These results are also supported by those of other studies 
[14,24]. It may be beneficial to delay culture to day 5 or 6, such that 
some chromosomally abnormal embryos fail to undergo blastulation 
in culture.

In conclusion, blastocyst formation ability was significantly affected 
by ICSI. Therefore, in order to avoid cases of cycle cancellation due to 
the formation of no blastocysts, it can be suggested that more care 
should be taken in choosing blastocyst culture for ICSI patients.
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