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Abstract. This study aimed to evaluate the impact of a short 
insemination procedure on embryo development, assess the 
reliability of a fertilization check prior to the appearance of 
pronuclei and elucidate the role of rescue intracytoplasmic 
sperm injection (R‑ICSI). Patients who had ≥9 eggs, were aged 
<38 years and had normal semen samples were included. The 
sibling eggs of each patient were divided into two groups; one 
half for conventional in vitro fertilization (IVF; insemination 
time, 20 h) and the other half for short insemination (insemina-
tion time, 5 h). R‑ICSI was performed where total fertilization 
failure (TFF) was deemed to have occurred in the short 
insemination group. In total, 2,465 eggs were included. No 
significant differences were found in fertilization, abnormal 
fertilization, embryo quality, clinical pregnancy and implanta-
tion rates between the short insemination and conventional 
insemination groups. In the short insemination group, R‑ICSI 
was performed in 11 cycles (6.7%); in 6 of these cycles, fertil-
ization occurred in the patient's eggs in the 20 h insemination 
group, while in the other 5 cycles, the patient's eggs were not 
fertilized after 20 h insemination either. Following R‑ICSI, 19 
of 36 eggs were normally fertilized. Subsequently, 7 embryos 
were transferred in 4 fresh cycles resulting in one ectopic preg-
nancy. In conclusion, the short insemination procedure does 
not improve embryo development and pregnancy rates. Short 
insemination combined with early R‑ICSI may be a method of 
preventing total fertilization failure, albeit with poor accuracy.

Introduction

In conventional in vitro fertilization (IVF), the incidence of 
total fertilization failure (TFF) has been reported to range 

from 5 to 10% (1). Considering the stress and financial costs 
associated with fertility treatment, TFF is a catastrophic event 
for patients who already have been under fertility‑induced 
pressure. Various methods have been explored to avoid this 
undesirable IVF result.

Rescue intracytoplasmic sperm injection (R‑ICSI), in which 
ICSI is performed on oocytes that have failed to fertilize, has 
been proposed to counteract TFF. Although sporadic cases of 
success have been reported (2,3), the effectiveness of R‑ICSI is 
not satisfactory due to oocyte aging in vitro, that is, a delayed 
ICSI procedure and asynchronized endometrium  (4,5). In 
order that R‑ISCI is conducted within the oocyte fertilization 
window, Chen and Kattera (6) removed granulosa cells from 
around oocytes after co‑culturing the cumulus‑oocyte complex 
(COC) with sperm for 6 h to determine the fertilization status. 
The unfertilized oocytes, defined by those being without the 
presence of the second polar body, were subjected to R‑ICSI 
at 6 h post‑insemination. This insemination method has been 
appraised and adopted by numerous clinics recently, not only 
due to the advantage of averting TFF, but also the theoretical 
benefit of reducing potential damage caused by sperm meta-
bolic waste products such as free oxygen radicals (7,8).

However, the efficacy of the short co‑culture time with 
sperm remains unclear. The removal of early cumulus cells 
may impact embryo development (9), and the effectiveness of 
early R‑ICSI remains debatable (10). The aim of the present 
study was to evaluate the impact of a short insemination time 
on embryo development, assess the reliability of the fertiliza-
tion checking procedure prior to the appearance of pronuclei 
and elucidate the role of R‑ICSI.

Subjects and methods

Patients. This study was a prospective cohort pair control 
study. From December 2013 to May 2014, a total of 165 cycles 
were included in the study. This study was conducted in accor-
dance with the Declaration of Helsinki, and with approval 
from the Ethics Committee of the Third Affiliated Hospital of 
Zhengzhou University (Zhengzhou, China). Written informed 
consent was obtained from all participants.

The inclusion criteria were as follows: Patients had >9 eggs, 
were aged <38 years, and had normal semen samples according 
to WHO criteria 5th edition (11). The eggs of each patient were 
divided into one half for conventional IVF (insemination time, 
20 h) and the other half for short insemination (insemination 
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time, 5 h). R‑ICSI was performed where TFF was deemed 
to have occurred in the short insemination group following 
the early fertilization check. Embryo transfers were divided 
randomly into two groups depending on whether the trans-
ferred embryos originated from the conventional or the short 
insemination.

Ovarian stimulation and oocyte retrieval. All patients 
underwent controlled ovarian stimulation using gonado-
tropin‑releasing hormone analog (Diphreline; Ipsen, Paris, 
France) and the gonadotropins human menopausal gonado-
tropins (Lizhu Group Co., Ltd., Zhuhai, China) and Gonal‑F 
(Merck Serono, Geneva, Switzerland). The standard or short 
stimulation protocols were used according to the patient's 
age or ovarian reserve function. Patients with antral follicle 
count (AFC) >6 or aged <35 years old were treated with the 
long protocol, and patients with AFC ≤6 or aged ≥35 years 
old were treated with the short protocol. Drug dosage was 
adjusted according to ultrasound monitoring results and serum 
estradiol levels. Human chorionic gonadotropin (HCG; Lizhu 
Group Co., Ltd.) or recombinant HCG (Merck Serono, Geneva, 
Switzerland) was administered when ≥2 follicles measured 
18 mm in diameter. Oocyte retrieval was performed by guided 
transvaginal ultrasonography 38 h later.

Sperm preparation. Semen samples were collected by mastur-
bation after 3‑5 days of abstinence. After liquefaction, semen 
samples were prepared by gradient centrifugation. Finally, the 
sperm pellet was suspended and used for oocyte insemination.

Insemination and fertilization assessment. After egg retrieval, 
COCs were cut to similar sizes with insulin needles and placed 
in 100 µl G‑IVF™ (Ovoil; Vitrolife AB, Göteborg, Sweden) 
droplets covered by mineral oil (Ovoil; Vitrolife AB). Each 
oocyte was inseminated with 40,000  motile spermatozoa 
2‑4 h later. Cohort eggs were divided into two, with one half 
for conventional insemination and the other half for short 
insemination. Cumulus cells were removed at 5 or 20 h post 
insemination for the short insemination and conventional 
insemination groups, respectively. Oocytes were then placed 
in G‑1 (Ovoil; Vitrolife AB) medium at 37˚C in a humidified 
atmosphere of 6% CO2.

An early fertilization check was conducted in the short 
insemination group. Oocytes were checked for the release of 
the second polar body and perivitelline space (PVS) following 
the removal of cumulus cells. Early fertilization was deter-
mined to have occurred when two distinct PBs and evident 
PVS were observed in an oocyte. If none of the oocytes showed 
the signs of early fertilization, R‑ICSI was performed subse-
quently as previously described (6). All eggs were checked for 
the appearance of pronuclei at 17‑20 h after insemination. The 
time sequence of the study is shown in Fig. 1.

Embryonic development and embryo transfer. Each embryo 
was observed daily and assessed using the following scoring 
system: Grade 1, number of cells ≥4 on day 2, or number of 
cells ≥6 on day 3 with even size blastomeres, integrated zona 
pellucida, regular morphology, clear cytoplasm, the absence of 
particles and <5% fragments; grade 2, number of cells ≥4 on 
day 2, or number of cells ≥6 on day 3 with slightly unevenly 

size blastomeres, and 6‑20% fragments; grade 3, significantly 
unevenly size blastomeres, and 21‑50% fragments; grade 4, 
abnormal rate of embryo development, severely unequal cell 
size, significant cytoplasmic particles, and a great quantity 
of vacuole fragments (>50%). Grades 1 and 2 were defined 
as high‑quality embryos, and grades  1‑3 were defined as 
utilizable embryos. Embryos were selected randomly from 
either the conventional or short insemination group. One or 
two utilizable embryos were selected for transfer. The luteal 
phase was supported by estradiol valerate and intramuscular 
progesterone injection.

Pregnancy and follow‑up. Clinical pregnancy was defined as 
the detection of the gestational sac by ultrasound at 28 days 
after embryo transfer. Luteal support was continued until 
10 weeks of gestation.

Statistical analysis. Statistical analysis was performed using 
SPSS version 17.0 statistical analysis software (SPSS, Inc., 
Chicago, IL, USA). Results are expressed as mean ± standard 
deviation or percentage. The Chi‑square test was used for 
comparisons of percentages and Student's t‑test was used for 
the comparison of mean values. P<0.05 was considered to 
indicate a statistically significant difference.

Results

General data. In total, there were 165  patients in this 
study, of which 95 had tubal factors, 19 had male factors, 
4  had endometriosis, 4  had polycystic ovary syndrome, 
21 had unexplained infertility and 22 had complex factors. 
There were 85 (51.5%) patients with primary infertility and 
80 (48.5%) patients with secondary infertility.

From 165  egg collections, 2,465  eggs were retrieved. 
Cohort eggs from each egg collection were divided for the 
short insemination and conventional insemination groups 
in a principle of 50/50%. The details of fertilization and 
further development parameters are summarized in Table I. 
No significant differences were observed in fertilization, 
abnormal fertilization and embryo quality.

Outcome of the two different types of insemination. When 
the 11 patients who underwent R‑ICSI cycles were excluded, 
there were no significant differences in all treatment 
parameters between the two different types of insemination 
(Table II).

The embryo transfers of 69 of the 165 cycles (41.8%) were 
cancelled due to elevated progesterone level, ovarian hyper 
stimulation syndrome or insufficient endometrial thickness. 
There were 201 embryos transferred in 96 cycles, of which 
49 cycles involved the transfer of embryos from the short 
insemination group and 47 cycles were with embryos from 
the conventional insemination group. No significant differ-
ences were identified between the two groups in terms of 
age, number of eggs, number of embryos and good embryo 
rate. Clinical pregnancy and implantation rates were not 
significantly different between the patients with embryos 
transferred from the short insemination and conventional 
insemination groups (57.1 vs. 55.3%, and 34.7 vs. 36%, 
respectively; Table III).
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R‑ICSI cycles. In the short insemination group, R‑ICSI was 
performed due to no oocyte activation being observed in 
11 cycles (6.7%), of which 6 cycles had fertilization of the 
patient's eggs in the 20 h insemination group. In the other 
5  cycles, the patient's eggs were not fertilized after 20  h 
insemination either. Following R‑ICSI, 19 of 36 eggs were 
normally fertilized. Subsequently, 7 embryos were transferred 
in 4 fresh cycles.

Discussion

Conventionally, oocytes have been co‑cultured with sperm 
overnight, for 16‑20 h. This long insemination time has been 
adopted as a routine practice most probably for the reason of 
accommodating a fertilization check in the morning of day 1 
rather than to accommodate the demands of the biological 
clock. It has been reported that a co‑incubation time as short 
as 30  sec is long enough to obtain fertilization in human 
IVF (12). The long period of co‑incubation may generate high 
levels of reactive oxygen species, which may damage embryos 
by hardening the zona pellucida and affect embryo develop-
ment (13). Some reports suggest that a sperm‑oocyte exposure 
time of 1‑6 h improves the rates of fertilization, polyspermy, 
good‑quality embryos, implantation, clinical pregnancy and 
ongoing pregnancy (7,8). However, the advantages of a short 
insemination time have not been observed consistently and 

conflicting results have been reported (14‑16). Although a 
meta‑analysis of short insemination in IVF indicated that a 
reduced gamete exposure time is beneficial to clinical outcome, 
it also pointed out that the conclusion was compromised by 
design differences between studies (17).

In order to have a good control of the heterogeneity of 
patient characteristics, which may impact on the result of IVF 
treatments, sibling oocytes of each patient were assigned to 
either the short or the conventional insemination group in the 
present study. Sibling oocytes were randomized to the short 
insemination group or the conventional insemination group. 
This meant that the two groups were identical regarding 
factors such as etiology and the duration of the infertility, 
age of the women and ovarian stimulation protocol. No 
advantage of a short co‑incubation time was found regarding 
fertilization rate, embryo cleavage rate or quality of the 
embryos, which is consistent with previous studies (14‑16,18). 
Conversely, there are some discrepancies between this study 
and others, showing conflicting results (13,19). This could be 
explained by differences in the sperm density used for insem-
ination, patient profiles, insemination method and the times 
of removal of cumulus cells and fertilization assessment. 
In comparison with the previous studies, the present study 
benefitted from a standard insemination protocol. A standard 
100‑µl drop size of culture media was used for insemina-
tion and 40,000 sperm for insemination, and all COCs after 
egg collection were trimmed to a similar size with insulin 
needles to control the variation introduced by the amount 
of sperm trapped in the cumulus. Furthermore, blastocyst 
culture, a less objective parameter than cleavage evalua-
tion, was used to assess embryo quality. This study showed 
that the method of insemination did not affect the potential 
for blastocyst formation. Finally, the embryo development 
data were consistent with the clinical pregnancy outcomes, 
showing no difference between the two insemination groups, 
indicating that reducing the time of insemination does not 
improve embryo development, the embryo utilization rate or 
the clinical outcomes of IVF.

It has been always challenging for practitioners of artifi-
cial reproductive technology (ART) to predict fertilization 
results for IVF. The average fertilization rate after standard 
IVF is 60‑70%. TFF occurs in 5‑10% of IVF cycles (1) and 
only 1‑3% of ICSI cycles (20,21). In part due to the advantage 
of the low TFF rate of ICSI, the use of ICSI increased from 
39.6% of ART cycles in 1997 to 58.9% in 2004 (USA 57.5%, 
Australia/New Zealand 58.6%, Europe 59.3%) (22). In some 
countries, ICSI has been considered as the only insemination 
method regardless semen quality (23). While considering the 
extra cost and the potential risk of birth defects associated 
with ICSI, IVF should be considered as the primary insemina-
tion method for non‑male factor infertility (24). Alternatively, 
when conventional IVF is not successful, re‑insemination of 
unfertilized IVF oocytes by ICSI can be considered. Since 
oocyte aging is so important for the outcome of re‑insemina-
tion, it has been advised that R‑ICSI should be performed as 
early as possible (10,19,25,26). Chen and Kattera shortened 
the period of co‑incubation of gametes (6). Cumulus cells 
were removed 6 h after insemination to observe the polar 
body status, and oocytes with no signs of activation were 
submitted to R‑ICSI once fertilization failure was identified.

Figure 1. Time sequence for all procedures. PB, polar body; R‑ICSI, rescue 
intracytoplasmic sperm injection; ET, embryo transfer; D, day. 
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In the present study, the eggs from each patient were divided 
into one half for conventional insemination and the other half 
for short insemination combined with R‑ICSI if required. 
There were 11 cycles in which R‑ICSI was performed due to 
TFF occurring in the eggs with the short insemination time. 
In 5 out the 11 R‑ICSI cycles, TFF occurred concurrently in 
the patient's eggs in the conventional insemination group. Four 
patients had R‑ICSI embryos transferred. Only one of them 
achieved an ectopic pregnancy. It is worthwhile to mention 
that of the 11 R‑ICSI cycles, there were 6 cycles in which 
ICSI was performed unnecessarily as satisfactory fertilization 
results were obtained in the cohort eggs from the conventional 
insemination. Thus, for the purpose of TFF detection, this early 
fertilization check has 100% sensitivity and 45.5% specificity. 
This indicates that the occurrence of TFF was overestimated 
by the early fertilization check. Although the short insemina-

tion combined with R‑ICSI had very high sensitivity for the 
prevention of TFF, the poor specificity should be noted, as 
such rescue attempts had the potential for tripronucleated 
zygote formation. Secondly, unnecessary micro‑manipulation 
and checking might put extra stress on the eggs.

Attention to the short insemination method has been 
increasing, particularly in China, a developing country, where 
the stimulatory drugs account for up to 80% of the total IVF 
treatment cost, indicating that cycle cancellation for the reason 
of TFF may stop patients coming back for further IVF treatment 
due to the lack of affordability (27). The short insemination 
combined with R‑ICSI appears to be a practical method to ease 
the stress from TFF. Nevertheless, this method of alleviating 
TFF has the disadvantages of potentially injecting fertilized 
eggs, unnecessary ICSI being conducted, higher polyspermy 
rates  (28), and the requirement for extra embryologists to 

Table I. Comparison of parameters between the two different types of insemination, including R‑ICSI cycles.

	 Short insemination	 Conventional insemination
Parameter	 group (n=165)	 group (n=165)	 P‑value

2PN rate (%)	 769/1,227 (62.7)	 750/1,238 (60.6)	 0.286
Polyspermy rate (%)	 104/1,227 (8.5)	 87/1,238 (7.0)	 0.179
Cleavage rate (%)	 764/769 (99.3)	 745/750 (99.3)	 0.968
Viable embryo rate (%)	 623/769 (81.0)	 603/750 (80.4)	 0.762
High quality embryo rate (%)	 364/769 (47.3)	 321/750 (42.8)	 0.076
Blastocyst formation rate (%)	 177/363 (48.8)	 195/358 (54.5)	 0.125

R‑ICSI, rescue intracytoplasmic sperm injection; 2PN, two pronuclei.

Table II. Comparison of parameters between the two different types of insemination, excluding R‑ICSI cycles.

	 Short insemination	 Conventional insemination
Parameter	 group (n=154)	 group (n=154)	 P‑value

2PN rate (%)	 722/1,145 (63.1)	 724/1,158 (62.5)	 0.790
Polyspermy rate (%)	 103/1,145 (9.0)	 86/1,158 (7.4)	 0.170
Cleavage rate (%)	 719/722 (99.6)	 719/724 (99.3)	 0.481
Viable embryo rate (%)	 585/722 (81.0)	 583/724 (80.5)	 0.809
High quality embryo rate (%)	 343/722 (47.5)	 310/724 (42.8)	 0.073
Blastocyst formation rate (%)	 174/348 (50.0)	 187/344 (54.4)	 0.251

R‑ICSI, rescue intracytoplasmic sperm injection; 2PN, two pronuclei.

Table III. Comparison of the embryo transfer results from the two different insemination groups.

	 Short insemination	 Conventional insemination
Parameter	 group (n=49)	 group (n=47)	 P‑value

Age, years	 29.6±3.9	 29.5±3.9	 0.865
Clinical pregnancy rate (%)	 28/49 (57.1)	  26/47 (55.3)	 0.875
Implantation rate (%)	 35/101 (34.7)	  36/100 (36.0)	 0.842

Ages are presented as mean ± standard deviation.
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cover evening or later shifts. Considering those hidden costs, 
cost‑effectiveness studies are required to be conducted before 
concluding the role of R‑ICSI.

In conclusion, the present study demonstrates that a short 
insemination time does not improve embryo development 
and pregnancy rates. Short insemination combined with early 
R‑ICSI may be a method to prevent TFF, albeit with poor 
accuracy.
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