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Abstract: We predicted the success or failure of
fertilization by the presence or absence of a second
polar body 6 hours after insemination, and we performed
intracytoplasmic sperm injection (ICSI) for oocytes that
did not produce a second polar body to investigate the
efficacy of such rescue ICSI. Cases in which ICSI was
performed as scheduled after oocyte collection were
classified together as the ICSI group. Those in which
the second polar body was confirmed in at least half of
the oocytes 6 hours after insemination by in vitro
fertilization (IVF) were classified as the IVF group, and
those in which the second polar body was not confirmed
in at least half of the oocytes 6 hours after insemination
and on which ICSI was thus performed were classified
as the rescue ICSI group. The fertilization rates in the
ICSI group, IVF group and rescue ICSI group were
73.8%, 75.4% and 69.0% without significant differences.
Pregnancy rates were 41.0%, 41.0% and 29.8%, in the
respective groups without significant differences. Our
results strongly suggest that cancellation of embryo
transfer is avoided by rescue ICSI when IVF results in all
unfertilized oocytes.
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Introduction

During the initial attempt at in vitro fertilization (IVF), it
is extremely difficult to determine whether there is a
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fertilization disorder. Cancellation of embryo transfer
due to non-fertilization puts both psychiatric and
financial burdens on the patient. Male fertility can be
assessed by semen analysis before IVF. To predict a
fertilization disorder, the Kruger test, which investigates
the morphology of sperm (Kruger et al. [1]), and a
computer-assisted semen analyzer to mechanically
assess the motility of sperm on the basis of
straightforward movement and the amplitude of the
sperm head are reported to be useful (Iltagaki ef al. [2]).
Egashira, et al. [3] evaluated indications for
intracytoplasmic sperm injection (ICSI) and reported
that ICSI is indicated when the number of sperms that
show straightforward movement is less than 1-5 x 105/
ml. To predict sperm disorder, i.e., sperm which cannot
pass through the zona pellucida, and oocyte membrane
fusion disorder, for which both oocyte and sperm
disorders are reportedly responsible, Franken [4] and
Sifer et al. [5] conducted a zona pellucida penetration
test using hamster ovum (hamster test) and hemizona
assay (binding of sperm to the human pellucid zone)
and the zona pellucida-binding test, and the results
were reported to be useful.

Furthermore, as a rescue treatment for intractable
fertilization disorder after IVF, 1-day-old ICSI, has been
reported. That is ICSI into an oocyte that does not
produce a second polar body or oocyte pronuclei are
not confirmed the day after insemination. In 1996,
Lundin et al. reported that the fertilization rate and
pregnancy rate by this method were 46.5% and 6.9%
[6], respectively; the respective rates reported for 1997—
2004 were 44.0-82.7% and 12.5-14.8% [7-10]. ICSl is
considered clinically impractical because the pregnancy



136 J. Mamm. Ova Res. Vol. 23, 2006

rate is still low even though the fertilization rate
achieved by 1-day-old ICSI is gradually improving.
Kuczynski et al. [11] performed rescue ICSI for cases in
which oocytes remained unfertilized after IVF, but the
pregnancy rate was 0%. In 2003, Chen et al. [12]
performed ICSI for cases in which the second polar
body was not observed in any oocyte 6 hours after
insemination and reported that the pregnancy rate
improved to 48%.

In the present study, we predicted fertilization in IVF
cases by the presence or absence of a second polar
body 6 hours after insemination, and we investigated
the effect of ICSI in cases in which the second polar
body was not confirmed in at least half of the oocytes
after IVF.

Materials and Methods

The study subjects were 539 patients who provided
their informed consent between February 2004 and
August 2005. A total of 752 ICSI cycles were
investigated. Ovulation was induced by stimulation with
concomitant use of GnRH antagonist or clomifenecitrate
and hMG. When the ovarian follicle diameter reached
18 mm or more, hCG or GnRH agonist was used, and
oocytes were collected after 35-36 hours. Oocyte
maturity was confirmed, and mature oocytes were pre-
incubated in K-SIFM fertilization medium (Cook Co.,
Queensland, Australia) for about 4 hours. Sperms were
obtained on the day of oocyte collection. After
precipitation of semen on 90%, 68% and 45%
PureCeption sperm washing medium (Sage
BioPharma., Bedminster, NJ, USA), the sample was
centrifuged at 450 g for 15 minutes. The precipitates
were then added to 3 ml K-SIFM and washed by
centrifugation at 300 g for 5 minutes. The collected
sperm were maintained at 37°C on a warming plate until
the time of insemination. In cases of IVF, the sperms
were inseminated after pre-incubation of about 2 hours
or more subsequent to washing. The sperm
concentration for insemination was adjusted to 10-15 x
10*ml. Six hours after insemination, the oocytes were
aspirated and extruded several times with the use of a
pipette for oocyte transfer, and the cumulus cells were
detached to an extent that allowed detection of the
second polar body. Presence or absence of the second
polar body was confirmed under an inversion
microscope.

Six hours after insemination, the culture solution was
exchanged in cases in which extrusion of the second
polar body was confirmed in at least half of the oocytes,

and incubation was continued until the next day. Cases
in which extrusion of the second polar body was not
confirmed in at least half of the oocytes 6 hours after
insemination were considered cases of insemination
failure, and ICSI was performed only for the oocytes
that did not show a second polar body at that time. In
principle, such rescue ICSI was performed when
extrusion of the second polar body was not confirmed in
at least half of the oocytes that were inseminated.

For the ICSI procedure, the cumulus was detached by
processing them with 60 IU/ml hyaluronidase (Sigma,
Chemical Co., St. Louis, MO, USA). ICSI was then
performed, and this was followed by incubation until the
next day. Oocytes in which 2 pronuclei were confirmed
about 20 hours after insemination or after ICS| were
considered normally fertilized. G-1™ v3PLUS and G-
2™ v3PLUS (Vitrolife Co., Kungsbacka, Sweden)
medium or the Blast Assist System (MediCult, Jyllinge,
Denmark) was used for incubation for 5-6 days until
formation of a blastocyst. The embryos were incubated
in a CO, water jacket incubator at a temperature of
37°C in 6% CO; in air (Fig. 1).

Cases in which ICSI was performed as scheduled
were classified together as the ICSI group. Those in
which the second polar body was confirmed in at least
half of the oocytes 6 hours after insemination were
classified as the IVF group, and those in which the
second polar body was not confirmed in at least half of
the oocytes 6 hours after insemination and on which
ICSI| was thus performed for these oocytes were
classified as the rescue ICSI group.

Because oocytes fertilized by IVF were included in the
rescue ICSI group in addition to oocytes that underwent
rescue ICSI, this group was further divided into 2
subgroups, the IVF + rescue ICSI subgroup (cases in
which some oocytes were fertilized by IVF) and the
rescue ICSl-only subgroup (cases in which rescue ICSI
was performed for all oocytes), and differences in the
results between these 2 subgroups were investigated.

Differences in the number of oocyte collection and
patient age were analyzed by Student’s t-test.
Differences in the rates of fertilization, blastocyst
formation and pregnancy were analyzed by the F-test.

Results

Patient backgrounds are shown by group (ICSI group,
IVF group and rescue ICSI group) in Table 1. The
mean age of patients per group was 35.3 + 5.1 years,
33.9 £ 4.7 years and 33.3 £ 4.5 years, respectively, with
no significant differences between groups. Infertility in
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and on which ICSI was thus performed were classified as the rescue ICSI group.

Table 1. Patient’s backgrounds per group

ICSI group IVF group Rescue ICSI group

Mean age (years) 353 (£5.1) 33.9 (£4.7) 333 (£4.5)
Number of cases 162 249 128
Cause no. and percentage of patients of infertility

Tubal disease 19 (11.7) 71 (28.5) 28 (21.8)

Endometriosis 10 (6.2) 17 (6.8) 23 (18.0)

Male factor 110 (67.9) 20 (8.0) 16 (12.5)

Unknown 16 (9.9) 133 (53.4) 59 (46.1)

Other 7 (4.3) 8(3.2) 2 (1.6)
Frequency of oocyte collection 1.6 (1-6) 1.4 (1-5) 1.1 (1-2)
Number of oocytes collected 3.5 (1-29) 4.1 (1-33) 4.8 (1-12)

the ICSI group was mainly male infertility. There was
no significant difference in the type of infertility between
the IVF group and the rescue ICSI group. The
frequency of oocyte collection per group was 1.6, 1.4,
and 1.1, respectively, and the mean number of oocytes
collected per group was 3.5, 4.1 and 4.8, respectively.
The fertilization rate and blastocyst formation rate are
shown per group in Table 2. The normal fertilization
rates were 73.8% (679/920), 75.4% (1085/1439) and

69.0% (470/681) in the respective groups, with no
significant differences between groups. The incidence
of tripronucleate (3PN) formation was 3.2% (29/920) in
the ICSI group, 5.5% (79/1,439) in the IVF group and
5.3% (36/681) in the rescue ICSI group. The rate was
significantly lower in the ICSI group than in the other 2
groups (p<0.05), but there was no significant difference
between the IVF group and the rescue ICSI group. The
number of cultured embryos per group was 382, 606
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Table 2. Fertilization and blastocyst formation rates per group

ICSI group IVF group Rescue ICSI group
Number of cycles 264 349 139
Number of oocytes 920 1439 681

Normal fertilization rate

Abnormal fertilization rate 1PN
3PN

Blastocyst formation rate

73.8% (679/920)
3.3% (30/920)
3.2%** (29/920)

52.1%%** (199/382)

75.4% (1085/1439)

4.0%* (58/1439)
5.5% (79/1439)

66.3% (402/606)

69.0% (470/681)
2.1% (14/681)
5.3% (36/681)

60.6% (146/241)

* ys. ICSI and Rescue ICSI, P<0.05. ** vs. IVF and Rescue ICSI, P<0.05. *** vs. IVF and Rescue ICSI, P<0.05.

Table 3. Clinical results per group

ICSI group

IVF group Rescue ICSI group

Transfer of day2—3 embryo
Transfer of blastocyst
Total pregnancy rate

33.3% (33/99)
51.4% (39/76)
41.1% (72/175)

34.0% (49/144)
52.9% (45/85)
41.0% (94/229)

23.0% (14/61)
47.8% (11/23)
29.8% (25/84)

Table 4. Results per rescue ICSI subgroup

IVF + Rescue ICSI

Rescue ICSI-only

Number of cycles

Number of oocytes

Normal fertilization rate

Abnormal fertilization rate 1PN
3PN

Blastocyst formation rate

Transfer of day2—3 embryo

Transfer of blastocyst

Total pregnancy rate

67.3%* (409/608)

98 41
608 73
83.6% (61/73)
2.7% (2/73)
4.1% (3/73)
76.5% (13/17)
29.4% (5/17)
62.5% (5/8)
40.0% (10/25)

2.0% (12/608)
5.4% (33/608)
59.4% (133/224)
20.5% (9/44)
40.0% (6/15)
25.4% (15/49)

* vs. Rescue ICSI-only, P<0.05.

and 241. In comparison to a blastocyte formation rate
of 52.1% (199/382) in the ICSI group, rates were
significantly higher at 66.3% (402/606) in the IVF group
and 60.6% (146/241) in the rescue ICSI group (p<0.05).

Clinical results are shown per group in Table 3. The
pregnancy rate per cycle after transfer of the day2-3
embryo was 33.3% (33/99), 34.0% (49/144) and 23.0%
(14/61) in the ICSI group, IVF group and rescue ICSI
group, respectively, with no significant differences
between groups. The pregnancy rate per cycle after
blastocyst transfer was 51.4% (39/76), 52.9% (45/85)
and 47.8% (11/23), respectively, with no significant
differences between groups. The 72 pregnancies in the
ICSI group resulted in 5 sets of twins, 55 singletons and
12 spontaneous abortions. The 94 pregnancies in the
IVF group resulted in 8 sets of twins, 69 singletons and
17 spontaneous abortions. The 25 pregnancies in the
rescue ICSI group resulted in 3 sets of twins, 16

singletons, 5 spontaneous abortions and 1 unknown
outcome.

Results obtained in the 2 rescue ICSI| subgroups (IVF
+ rescue ICSI| and rescue ICSl-only) are shown in Table
4. The normal fertilization rate increased significantly to
83.6% (61/73) in the rescue ICSl-only subgroup and
67.3% (409/608) in the IVF + rescue ICSI subgroup
(p<0.05). The incidence of 3PN formation was 5.4%
(33/608) in the IVF + rescue ICSI subgroup and 4.1%
(3/73) in the rescue ICSIl-only subgroup, with no
significant difference between the 2 subgroups. The
blastocyst formation rate was 59.4% (133/224) in the
IVF + rescue ICSI subgroup and 76.5% (13/17) in the
rescue ICSl-only subgroup. The pregnancy rate per
day2-3 embryo transfer cycle was 20.5% (9/44) and
29.4% (5/17), respectively. The pregnancy rate per
blastocyst transfer cycle was 40.0% (6/15) and 62.5%
(5/8), respectively. When both subgroups were



compared respectively a result better than 40% were
obtained in them. Healthy babies were born from
patients who were treated until the time of birth.

Discussion

Porter et al. [13] reported that the incidence of 3PN
formation was 2.5% in ICSI cases but 8.1% in IVF
cases. The possibility of polyspermy is considered to
be higher with IVF than with ICSI, in which sperm is
injected into one oocyte.

The blastocyst formation rate in the present study was
slightly lower in the ICSI group than in the other 2
groups, and there was no significant difference between
the IVF group and the rescue ICSI group. The
pregnancy rate was somewhat lower in the rescue ICSI
group than in the other 2 groups. However, in view of
the rate achieved by blastocyst transfer and considering
that the pregnancy rate reported for 1-day-old ICSl is as
low as 12.5-20.7% [6-8, 10], the rate achieved by
means of rescue ICSI is sufficient to show that this
method is clinically applicable. With the conventional
method, oocytes may deteriorate during the 24-hour
incubation period, but deterioration of the oocytes may
be negligible in cases of rescue ICSI| because a
judgment is made 6 hours after insemination.

It is possible to some extent to predict the fertilization
by a semen analysis before IVF. However, a prediction
of the fertilization with an individual oocyte is difficult.
The results of this study suggest that non-fertilization
and 1-day-old ICSI can be avoided by rescue ICSI.

Healthy babies were born from patients who were
treated until the time of birth. In our patients,
approximately 3 oocytes were collected; this is a
relatively small number. There is some possibility that
we could not achieve embryo transfer in such cases.
Recently, the number of oocytes collected has
decreased in many hospitals. Therefore, we believe
that rescue ICSI is clinically meaningful for obtaining an
embryo.

The fertilization rate and blast cyst formation rate
tended to be higher in the rescue ICSl-only group than
in the IVF + rescue ICSI group. However, there was no
difference in the rate of 3PN formation between these 2
groups. Therefore, the quality of oocytes might have
differed between IVF + rescue ICSI and rescue ICSI-
only.

The pregnancy rate, after both day2-3 embryo
transfer and blastocyst transfer tended to be lower in
the IVF + rescue ICSI subgroup than in the rescue ICSI-
only subgroup. This is probably because of a
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fertilization disorder (sperm not entering the oocyte) in
the rescue ICSI- only subgroup in which rescue ICSI
was performed for all oocytes. However, some oocytes
were fertilized by IVF in the IVF + rescue ICSI
subgroup, indicating that a chromosomal aberration or
aberration in the oocyte rather than a lack of sperm
motility was affecting the oocytes that did not produce a
second polar body after rescue ICSI. In many cases,
oocytes with a fertilization disorder include those with a
chromosomal aberration. In some cases, the sperm
has been noted to enter such an oocyte before
pronucleus formation [14].

There would be no significant difference in the
abnormal fertilization rate between the IVF + rescue
ICSI and rescue ICSl-only subgroups if rescue ICSI
were performed in all cases except those uirlving
complete fertilization failure. Thus, it is assumed that
rescue ICSl is effective.

3PN development is due to retention of the second
polar body or polyspermy. Although the 3PN
fertilization rate in the rescue ICSI cases was not high in
the present study, further investigation into methods for
judging the presence or absence of a second polar body
and careful observation are necessary to reduce the
abnormal fertilization rate caused by polyspermy.
Although 1-day-old ICSI has been performed as a
measure against non-fertilization by IVF, a low
pregnancy rate has been a problem in such cases.
There was no significant difference in the 3PN
development rate between the IVF group and the
rescue ICSI group in the present study. However, the
existence of a delayed fertilized oocyte could not be
ruled out. When 2 polar bodies are seen, rescue ICSl is
not appropriate. It is difficult to distinguish discharge of
establish a method to save the second polar body from
fragmentation. It will be necessary to objectively assess
of the second polar body in anticipation of rescue ICSI.
The achieved rate by rescue ICSI in the present study
was higher than that by 1-day-old ICSI, indicating that
rescue ICSl is an effective treatment method.

We got similar results to Chen et al. in cases of lack of
a second polar body 6 hours after insemination.
Furthermore we succeeded in obtaining fertilized
oocytes in IVF cases in which the second polar body
was not observed in more than 50% oocytes.
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