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Can intracytoplasmic sperm injection prevent total fertilization failure
and enhance embryo quality in patients with non-male factor
infertility?§
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A B S T R A C T

Objective: To determine whether intracytoplasmic sperm injection (ICSI) could prevent total fertilization

failure (TFF) and enhance the embryo quality in patients with non-male factor infertility.

Study design: A total of 296 in vitro fertilization (IVF) cycles performed in patients with non-male factor

infertility between April 2009 and March 2013 were included in this retrospective study. During the

period, ICSI and conventional IVF were performed in 142 and 154 cycles, respectively. The usual

indications for ICSI were in the cycles of patients with (1) known low fertilization rate, (2) repetitive

implantation failure, (3) advanced maternal age, (4) presence of endometrioma, (5) low oocyte yield

(number of oocytes �3), or (6) poor quality oocytes. The rate of TFF, normal fertilization, abnormal

pronuclei (PN) formation, embryo quality, and pregnancy outcomes between the patients treated with

ICSI and conventional IVF cycles were compared.

Results: The patients treated with ICSI (ICSI group, n = 142) presented fewer number of oocytes than

patients treated with conventional IVF cycles (n = 154). The TFF rate was not different (4.2% vs. 0.6%,

P = 0.059), but the ICSI group presented a significantly higher rate of normal fertilization (83.4% vs. 79.1%,

P = 0.04) and lower rate of abnormal PN formation (3.9% vs. 13.3%, P < 0.01). The cleavage stage embryo

quality was better in the ICSI group (grade A: 31.1% vs. 21.3%, P = 0.001; grade A + B: 65.1% vs. 47.6%,

P < 0.001).

Conclusion: The result of this study does not support the use of ICSI to prevent TFF in patients with non-

male factor infertility. However, ICSI improved the fertilization rate and the embryo quality.

� 2014 Elsevier Ireland Ltd. All rights reserved.
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Introduction

Intracytoplasmic sperm injection (ICSI), a technique that
involves the microinjection of spermatozoa into mature oocytes,
was first introduced in 1992 to overcome the low fertilization rates
in couples with male factor infertility [1]. Higher fertilization and
implantation rates with ICSI cycles have been reported [2,3].
Furthermore, ICSI has been frequently utilized in combination with
in vitro fertilization (IVF) to treat other etiologies of infertility [4].
Although improved clinical outcomes in male factor infertility
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might result from the higher fertility of the healthy partners of
infertile men, it is possible that ICSI-derived embryos are of better
quality and have superior implantation potential.

Efforts to verify the benefits of ICSI in non-male factor IVF have
been made for approximately 10 years. However, studies
comparing IVF and ICSI have shown inconsistent results. Several
studies have documented higher fertilization rates and lower rates
of fertilization failure in patients using ICSI [5–8]. However, not all
published data support the benefit of ICSI in the prevention of TFF,
and its effects on the other clinical outcomes such as the embryo
quality, implantation rate, and clinical pregnancy rate [9–11]. The
effectiveness of ICSI for treating couples without male factor
infertility has not yet been conclusively demonstrated. Therefore,
the routine use of ICSI is not justified, except in some cases [12].

Despite the inconsistent evidence regarding the benefit of ICSI,
it is commonly used in clinical practice. Many infertility clinics
c sperm injection prevent total fertilization failure and enhance
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perform ICSI depending on their own criteria. In our center, total or
split ICSI has been performed in women with poor oocyte quality
or low oocyte yield to prevent TFF. The purpose of this study was to
determine whether ICSI could prevent TFF and improve the
embryo quality in IVF cycles in couples with non-male factor
infertility.

Materials and methods

Study design

This study included 296 IVF cycles performed in 217 patients
with a diagnosis of non-male factor infertility from April 2009 to
March 2013 at the Seoul National University Bundang Hospital.
Cases with definitive male factor infertility that required ICSI or
split insemination and cases that lacked retrieved oocytes were
excluded. The indications to consider the need for IVF were the
tubal factor (n = 94), age factor (n = 57), endometriosis (n = 47),
polycystic ovary syndrome (n = 20) and unexplained infertility
(n = 78). The ICSI and conventional IVF were performed in 142 and
154 cycles, respectively.

The usual indications for ICSI in non-male factor infertility were
as follows: (1) �20% fertilization rate in a prior conventional
insemination cycle, (2) repetitive implantation failure �3 times,
(3) advanced maternal age (�40 years), (4) presence of endome-
trioma on the day of oocyte retrieval, (5) low oocyte yield (number
of oocytes � 3), or (6) poor quality oocytes that included blood
clots attached to the cumulus oophorus at the time of retrieval. The
decision to perform ICSI was at the discretion of the attending
physician and embryologist.

The basal characteristics and IVF outcomes between the
patients treated with ICSI and conventional IVF cycles were
compared. The main outcome measures evaluated were (1) TFF
rate, (2) normal fertilization and abnormal pronuclei (PN)
formation rate, (3) embryo quality on day 3 or on day 5 after
fertilization, and (4) pregnancy outcomes. This study was
approved by the Institutional Review Board of the Seoul National
University Bundang Hospital [B-1311-226-109].

Protocol for controlled ovarian stimulation

Controlled ovarian stimulation was performed using recombi-
nant follicle-stimulation hormone (Gonal-F; Serono, Geneva,
Switzerland) by the gonadotropin-releasing hormone (GnRH)
antagonist protocol or the long GnRH agonist protocol. After 2
or more follicles reached a diameter �18 mm, 250 mg of
recombinant human chorionic gonadotropin (hCG, Ovidrel;
Serono) was injected. The oocyte was retrieved 36 h after the
hCG injection. The embryos were transferred at 3 or 5 days after
the oocyte retrieval. The luteal phase was supported with a daily
dose of 50 mg of progesterone in oil (Progest; Samil, Seoul, Korea)
or 8% of progesterone gel (Crinone; Serono) starting on the day of
the oocyte retrieval. Pregnancy was first assessed 14 days after
oocyte retrieval by analyzing the serum b-hCG levels. In cases with
a positive b-hCG, transvaginal ultrasonography was performed to
confirm the intrauterine pregnancy and to identify the number of
gestational sacs and the fetal heart rate.

Fertilization

For conventional insemination, oocytes were placed in the
insemination medium (Sydney IVF fertilization medium; Cook
Women’s Health, Spencer, Indiana) with 50,000 to 500,000 motile
sperm/mL for 1–4 h. In the ICSI group, the oocytes were denuded
with 80 IU/mL of hyaluronidase (Sydney IVF Hyaluronidase; Cook
Women’s Health) using micropipettes to observe their maturity.
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Metaphase II oocytes were injected with prepared sperm by
microinjection techniques. Fertilization was assessed by the
presence of two PN and a second polar body 16–18 h after
insemination. The fertilized oocytes were maintained in the
culture medium (Sydney IVF cleavage medium; Cook Women’s
Health).

Definitions of the outcome measures

The normal fertilization rate was defined as the percentage of
in-vitro produced zygotes with two PN and a second polar body
among mature oocytes, including in-vitro-matured oocytes at 16–
18 h after conventional IVF or ICSI. The abnormal PN formation rate
was defined as the percentage of zygotes with 1, 3 or 4 PN among
mature oocytes. The TFF was defined when no oocyte formed 2 PN
in any given cycle.

The quality of embryos was evaluated by morphological criteria
based on the fragmentation degree and the regularity of
blastomeres on day-3 after fertilization. The embryo grades were
as follows: A, 0% anucleate fragments, regularity of blastomeres,
and no apparent morphologic abnormalities; B, <20% anucleate
fragments, regularity of blastomeres, and no apparent morphologic
abnormalities; C, 20–50% anucleate fragments, irregularity of
blastomeres, and no apparent morphologic abnormalities; D, >50%
anucleate fragments, irregularity of blastomeres, and apparent
morphologic abnormalities.

The blastocyst was evaluated by the blastocyst development
stage and the quality of the inner cell mass and trophectoderm on
day-5 after fertilization. Depending on blastocoel expansion, the
blastocyst was classified as early blastocyst (blastocoel occupying
less than half the volume of the embryo), middle expanding
blastocyst (blastocoel occupying approximately half the volume of
the embryo), or expanded blastocyst (blastocoel occupying lager
than half the volume of the embryo with thinning of the shell). The
inner cell mass and trophectoderm were graded according to the
grading system proposed by Gardner et al. [13]. A good quality
blastocyst was defined as and expanded or middle expanding
blastocyst with grade AA, AB, AC, BA, BB, or CA.

The classifications of pregnancy outcomes were the same as
previously described [14,15]. Clinical pregnancy was confirmed by
the presence of a gestational sac observed on ultrasound scans, and
clinical abortion was defined by pregnancy failure after the
gestational sac confirmed. The implantation rate was defined as
the number of gestational sacs per replaced embryo expressed as a
percentage.

Statistical analysis

All statistical analyses were performed using SPSS, version 18
(SPSS, Chicago, IL). The data were analyzed using the Student’s t-
test or Chi-square test as indicated. The result was considered
significant when the P-value was <0.05.

Results

Patient basal characteristics and IVF data according to the
insemination method are shown in Table 1. In the ICSI group,
women and their husbands were older; and as expected, the
proportion of advanced maternal age was higher and the
proportion of unexplained infertility was lower than in the
conventional insemination group. The number of total or mature
oocytes was fewer in the ICSI group but the oocyte maturity was
similar in both groups. The normal fertilization rate was
significantly higher in the ICSI group. The abnormal PN formation
rate and the percentage of cycles with at least one abnormal PN
embryo were significantly lower in the ICSI group. Although the
c sperm injection prevent total fertilization failure and enhance
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Table 1
Basal characteristics of patients according to the insemination method.

ICSI (n = 142) Conventional

(n = 154)

P

Age of women 37.3 � 4.9 33.9 � 3.4 <0.001

Age of husband 40.0 � 6.0 36.6 � 3.7 <0.001

Infertility factors

Advanced maternal

age (�40 years)

57 0 <0.001

Tubal problem 43 51 NS

Endometriosis 24 23 NS

PCOS 7 13 NS

Unexplained 11 67 <0.001

No. of total oocytes 5.0 � 5.0 9.4 � 6.0 0.02

No. of mature oocytes 3.6 � 3.6 7.3 � 5.2 <0.001

Oocyte maturity (%) 73.3%

(517/705)

76.1%

(1119/1471)

NS

Sperm concentration

(million sperm/mL)

119.3 � 90.6 157.7 � 128.4 0.02

Sperm motility (%) 47.2 � 19.1 52.43 � 17.5 0.02

Strict morphology (%) 10.4 � 5.2 12.9 � 4.2 NS

Normal fertilization rate 83.4%

(431/517)

79.1%

(885/1119)

0.04

Abnormal PN formation rate 3.9%

(20/517)

13.3%

(149/1119)

<0.001

Cycles with abnormal PN

embryo

20 (14.1%) 88 (57.1%) <0.001

Cycles with total fertilization failures 6 (4.2%) 1 (0.6%) NS

Mean � SD. NS: not significant. ICSI: intracytoplasmic sperm injection. PCOS:

polycystic ovary syndrome. PN: pronuclei.

Table 3
Separate analysis of 100 cycles with three or less oocytes retrieved.

ICSI

(n = 78)

Conventional

(n = 22)

P

No. of total oocytes 1.8 � 0.8 2.1 � 0.9 NS

No. of mature oocytes 1.8 � 2.4 1.8 � 1.0 NS

Oocyte maturity 98.6%

(141/143)

85.1% (40/47) <0.001

Sperm concentration

(million sperm/mL)

119.7 � 101.8 151.3 � 113.4 NS

Sperm motility (%) 44.9 � 18.7 49.2 � 19.7 NS

Strict morphology (%) 10.4 � 4.7 14.1 � 4.7 NS

Normal fertilization rate 75.9%

(107/141)

85% (34/40) NS

Abnormal PN formation

rate

2.1% (3/141) 12.5% (5/40) 0.018

Cycles with abnormal PN

embryo

3 (3.8%) 5 (22.7%) 0.016

Cycles with total fertilization

failures

4 (5.1%) 1 (2.5%) NS

Cycles with cancelled embryo

transfer

10 (12.8%) 2 (9.1%) NS

No. of embryo transferred 1.3 � 0.8 1.5 � 0.8 NS

Day 3 embryo transfer 68 20

Day 5 embryo transfer 0 0

No. of day 3 embryo 103 36

Grade A 37 (35.9%) 8 (22.2%) 0.05

Grade A + B 72 (69.9%) 26 (72.2%) NS

Clinical pregnancy 13/68

(19.1%)

7/20 (35%) NS

Implantation rate 15/100

(15.0%)

8/32 (25%) NS

Clinical abortion 3/13 (23.1%) 1/7 (14.3%) NS

Mean � SD. NS: not significant. ICSI: intracytoplasmic sperm injection. PN: pronuclei.
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TFF rate was higher in the ICSI group, this result was not
statistically significant.

The percentage of good quality embryos was significantly
higher in the ICSI group both at day-3 or day-5 embryo transfer
(Table 2). However, the number of embryos transferred, and the
clinical pregnancy and implantation rates of day-3 embryo transfer
were significantly lower in the ICSI group. There was no difference
in the clinical abortion rate between the two groups.

We separately analyzed the cycles where three or less oocytes
were retrieved to evaluate cycle outcomes in poor ovarian
responders (Table 3). In the ICSI group, the normal fertilization
rate was comparable to the rate in the conventional insemination
group; however, the abnormal PN formation rate was still lower in
the ICSI group and the TFF rate was still similar. The percentage of
Table 2
IVF outcomes according to the insemination method.

ICSI

(n = 142)

Conventional

(n = 154)

P

Cycles with cancelled

embryo transfer

12 (8.5%) 12 (7.8%) NS

Mean number of

embryo transferred

1.8 � 1.0 2.1 � 0.7 0.016

ET cycles <0.001

Day 3 123 (94.6%) 111 (78.7%)

Day 5 7 (5.4%) 30 (21.3%)

No. of day 3 embryo 395 830

Grade A 123 (31.1%) 177 (21.3%) 0.001

Grade A + B 257 (65.1%) 395 (47.6%) <0.001

No. of day 5 blastocyst 53 211

Good quality blastocyst 33 (62.3%) 97 (46.0%) 0.04

Clinical pregnancy 31/130 (23.8%) 56/142 (39.4%) 0.001

Day 3 27/123 (22.0%) 40/111 (36.0%) 0.02

Day 5 4/7 (57.1%) 15/30 (50.0%) NS

Implantation rate 36/252 (14.3%) 73/304 (24.0%) 0.004

Day 3 31/238 (13.0%) 53/244 (21.7%) 0.01

Day 5 5/14 (35.7%) 19/58 (32.8%) NS

Clinical abortion 7/31 (22.6%) 11/56 (19.6%) NS

Day 3 6/27 (22.2%) 6/40 (15.0%) NS

Day 5 1/4 (25.0%) 5/15 (33.3%) NS

NS: not significant. ICSI: intracytoplasmic sperm injection. ET: embryo transfer.
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good quality day-3 embryo was still higher in the ICSI group; the
clinical pregnancy and implantation rates were similar between
both the groups.

Comments

The principal findings of this study are as follows: in couples
with non-male infertility concerning fertilization failures, ICSI did
not prevent TFF and showed even higher incidence of TFF;
however, it did improve the normal fertilization rate and the
embryo quality.

Our findings are similar to result of previous sibling oocyte
study, showing that ICSI increases fertilization and the formation
of good quality embryos in patients with non-male factor infertility
[16]. In contrast to our results, one previous report denoted that
use of ICSI decreased the incidence of unexpected fertilization
failures [9]. We did not observe the decreased incidence of TFF;
even higher incidence of TFF was observed although statistically
insignificant. In contrast to our results, Kim et al. reported that ICSI
in patients with non-male factor infertility did not improve
fertilization rate [11]. These differences might have risen from the
study subjects evaluated; in the study by Kim et al., the subjects
were couples with non-male factors [11], whereas in our study, the
subjects had a particular concern about fertilization failure.

We and others [9,11] consistently observed that clinical
outcomes such as clinical pregnancy or implantation rate were
lower in the ICSI group than conventional insemination group. One
possible explanation for this finding might be the characteristics of
female patients undergoing ICSI. As described above, our indica-
tions for ICSI in non-male factor infertility are mainly present in
women with decreased ovarian reserve due to advanced maternal
age, poor oocyte quality, or low oocyte yield. Nonetheless, the
normal fertilization rate was higher and abnormal PN formation
rate was significantly lower in this poor prognosis group.
c sperm injection prevent total fertilization failure and enhance
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One interesting finding was that embryo quality was better in
the ICSI group. This finding was unchanged in the subgroup
analysis of our data in women with poor ovarian response. It might
be explained by two factors; oocytes and sperm selection. ICSI
results in the generation of information that is more accurate with
respect to oocyte quality and maturity; however, how this
information enables maximum normal fertilization remains
uncertain. Regarding the sperm selection, ICSI might be helpful
in selecting the sperm with superior morphological characteristics.

Lower pregnancy rates despite the better quality of embryos in
the ICSI group might reflect a selection of more complex patients,
such as those with repetitive implantation failure or endometri-
osis. Other factors such as the age of women, the number of oocytes
retrieved, and the day of embryo transfer could have influenced the
clinical outcomes.

We concede that ICSI can be more time-consuming and
potentially incur greater cost than conventional IVF. Thus, specific
indications for ICSI are required that consider the cost and benefit
for couples with non-male factor infertility. According to the
opinion of the American Society for Reproductive Medicine (ASRM)
committee that was published in 2012, ICSI can increase
fertilization rates when lower than expected fertilization rates
or fertilization failure has previously occurred with conventional
insemination. However, they advocated that ICSI does not improve
clinical outcomes in women with unexplained infertility, low
oocyte yield, or advanced maternal age. The opinion remarked that
there are no data to support the routine use of ICSI for the
treatment of non-male factor infertility [12].

The main limitation of this study was its retrospective nature.
The basal characteristics were not controlled and randomization
was not performed. Patients with infertility of greater severity and
complexity were undertaken in the ICSI group. Further poor
prognosis can be anticipated in ICSI patients. However, considering
the current evidence indicating that indiscriminate use of ICSI
should be avoided, our study provides a practical analysis. The
question of whether to perform ICSI in a certain subset of couples
(with a particular concern about fertilization failure) remains
unanswered because performing ICSI improved the embryo
quality, one of the most important factors in pregnancy success,
but it did not result in clinical improvements in our study. The
decision to perform ICSI in this situation is at the discretion of the
clinicians.

In summary, the use of ICSI improved the rates of fertilization
and embryo quality, but not the conception. Our results highlight
the need for future clinical trials of IVF vs. ICSI. According to the
results of this study, the routine use of ICSI in non-male factor
infertility is not recommended to improve the clinical outcome and
to prevent TFF. A well-designed, adequately powered, prospective,
randomized controlled trial should be undertaken to determine
which subgroups would benefit from ICSI.
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Condensation

Intracytoplasmic sperm injection does not prevent total
fertilization failure but improves the embryo quality in patients
with non-male factor infertility.
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