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1  |  INTRODUC TION

In vitro fertilization (IVF) is the first- choice fertilization method; 
however, it has drawbacks such as 5%– 20% total fertilization fail-
ure (TFF)1 and lower fertilization rate than intracytoplasmic sperm 
injection (ICSI).2 For improving the fertilization rate, rescue ICSI is 
performed on oocytes that have not been fertilized in IVF. The ear-
liest attempt was reported by Nagy et al. in 19933 on rescue ICSI 

performed on the day after oocyte retrieval. Several follow- up 
studies concluded that the pregnancy rate was low owing to oocyte 
aging.4,5 In 2003, Chen et al. performed rescue ICSI on oocytes from 
which the second polar bodies had not been extruded 6 h after in-
semination, achieved a high pregnancy rate, and reported the useful-
ness of early rescue ICSI.6

Early rescue ICSI is indicated for cases suspected of TFF, in 
which not even a single oocyte from which a second polar body has 
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Abstract
Purpose: Early rescue intracytoplasmic sperm injection (ICSI) is often performed in 
cases in which not even a single oocyte has extruded a second polar body 6 h after 
insemination. We evaluated the usefulness of expanding the indications of early res-
cue ICSI to cases in which <80% of oocytes have extruded second polar bodies 6 h 
after insemination.
Methods: Early rescue ICSI was performed on oocytes that were denuded 2.5 h post- 
insemination and whose extrusion of the second polar bodies had been examined 6 h 
post- insemination with a PolScope.
Results: In vitro fertilization was performed on 24 496 oocytes of 4944 cycles, and 
1438 cycles had <80% rate of the second polar body extrusion. Rescue ICSI was per-
formed on 3933 oocytes. Three pronuclei (3PN) incidence of rescue ICSI was 3.0% in 
oocytes	with	≥50%	rate	of	the	second	polar	body	extrusion.	With	respect	to	the	sec-
ond polar body extrusion rate, no differences were observed in normal fertilization, 
blastocyst development, implantation, miscarriage, or live birth rates for rescue ICSI.
Conclusion: By expanding the indications of early rescue ICSI using the PolScope to 
cases in which <80% of oocytes have extruded the second polar bodies, many ferti-
lized oocytes can be obtained without considerably increasing the 3PN rate.
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been extruded 4– 8 h after insemination is obtained.6- 12	 Although	
studies reported that rescue ICSI was performed in cases where the 
second polar bodies had been extruded from some oocytes,13– 16 
they targeted cases in which the ratio of oocytes from which the 
second polar bodies had been extruded was <50%. It is expected 
that many unfertilized oocytes can be saved, but a study reported a 
high polyspermy rate in rescue ICSI performed in cases with an IVF 
fertilization rate of >25%,14 thus raising concerns that unnecessary 
rescue ICSI may be performed if the indications are expanded.

When performing rescue ICSI on the day after oocyte retrieval, 
determining whether to perform the procedure based on the pres-
ence or absence of pronuclei (PN) is relatively simple. Early res-
cue ICSI, however, requires the physician to make a decision based 
on the number of polar bodies. Determining the number of polar 
bodies for oocytes with fragmented polar bodies is difficult, and 
performing unnecessary rescue ICSI on oocytes from which the 
second polar bodies have been extruded is problematic because 
it results in the formation of 3PN. Therefore, rescue ICSI is often 
indicated for TFF. To overcome the difficulty in determining the 
number of polar bodies, the spindle is observed to assist in the 
determination of second polar body extrusion.17,18 However, few 
studies have examined this aspect, and no study has examined a 
large number of cases.

The present study examined the usefulness of expanding the in-
dications of rescue ICSI while suppressing the risk of polyspermy 
by observing the spindle using PolScope and accurately determining 
the	extrusion	of	second	polar	bodies.	As	the	expansion	of	the	indi-
cations of rescue ICSI to all oocytes from which second polar bodies 
have not been extruded has a small effect considering the increased 
effort required, in order to obtain >80% of fertilized oocytes, equiv-
alent to ICSI, the indications of rescue ICSI were expanded to cases 
in which <80% of oocytes had extruded second polar bodies.

2  |  MATERIAL S AND METHODS

2.1  |  Patients

A	 retrospective	 cohort	 study	 was	 conducted	 on	 4944	 IVF	 cycles	
and	 2302	 ICSI	 cycles	 from	which	metaphase	 (M)	 II	 oocytes	were	
collected following oocyte retrieval in 2010– 2019. Written patient 
consent was obtained after providing a thorough explanation. This 
study was conducted with the approval of the ethics committee of 
Minoura	Ladies	Clinic	(Approval	number:	H21.03).

2.2  |  Stimulation, oocyte retrieval, and 
insemination

Controlled ovarian stimulation was performed mainly by the ago-
nist/human	menopausal	 gonadotropin	 (hMG)	method,	 antagonist/
hMG	 method,	 and	 clomiphene	 citrate/antagonist/hMG	 method.	
Oocyte retrieval was performed under the guidance of transvaginal 
ultrasound	36–	38	h	after	the	trigger	by	hCG	or	GnRHa	agonist.

While examining oocytes, cumulus- oocyte complexes were 
stretched, and the presence or absence of the first polar body was 
confirmed using an inverted microscope (IX70, Olympus). The oo-
cytes	were	divided	into	MI	oocytes	and	MII	oocytes.	Among	the	MII	
oocytes, the oocytes with fragmented polar bodies that appeared to 
have	divided	into	two	parts	were	separated	and	cultured.	After	oo-
cyte retrieval, a maximum of five oocytes were added to the Center 
Well Dish containing 1 ml of human tubal fluid medium (Irvine 
Scientific,	Santa	Ana,	USA)	and	then	cultured.

For IVF, insemination was performed at least 3 h after preculture 
following oocyte retrieval. Standard insemination sperm concentra-
tion was set at 200 000/ml and corrected based on normal sperm 

F I G U R E  1 Polar	bodies	and	spindles	
observed by relief contrast and PolScope. 
a, b, c, and d show changes over time 
until the second polar body is extruded, 
with	the	(A)	spindle	in	the	cytoplasm,	(B)	
spindle in the protruded part on the cell 
membrane surface, (C) spindle cross- 
linked between the second polar body 
and cytoplasm, and (D) spindle that is 
thinning and disappearing. (E) and (F) 
show the judgment of fertilization by 
spindle in cases where the number of 
polar body is difficult to determine, with 
(E) 2PB with cross- linked spindle and (F) 
1PB with spindle in the cytoplasm despite 
fragmented polar body
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morphology ratio and previous fertilization rate. ICSI was selected 
for cases where the adjusted motile sperm count was insufficient for 
the sperm count for insemination, as well as for cases in which TFF 
had occurred in a previous round of IVF. ICSI was performed at least 
3 h after preculture.

2.3  |  Denudation in IVF, judgment of second polar 
bodies, and implementation of rescue ICSI

The denudation of cumulus- oocyte complexes began 2.5 h after in-
semination. The denuded oocytes were added to a microdrop me-
dium prepared with 35 μl lof mHTF culture medium (Irvine Scientific, 
Santa	Ana)	in	a	glass	bottom	Petri	dish	(D11140H,	Matsunami	Glass).	
For the oocytes, the extrusion of second polar bodies and state of 
spindle was observed using an inverted microscope (IX70, Olympus) 
equipped with a PolScope (Oosight Imaging System, Hamilton 
Thorne).

The spindle before and after the extrusion of second polar bod-
ies is observed using the PolScope, and the spindle in the cytoplasm 
(Figure 1a) is observed at the protruded part on the cell membrane 
surface as fertilization progresses, and the second polar body begins 
to be extruded (Figure 1b). While the second polar body is being 
extruded, the spindle is observed to be cross- linked between the 
second	polar	body	and	the	cytoplasm	(Figure	1c).	After	the	second	
polar body is extruded, the spindle becomes thin (Figure 1d) and 
eventually disappears. For oocytes that extrude a fragmented first 
polar body and the number of polar bodies is difficult to determine, 
the extrusion of the second polar body can also be accurately judged 
by the state of the spindle (Figure 1e,f). The number of second polar 
bodies was determined including the state of the spindle.

In the assessment performed immediately after denudation, 
apart from oocytes with one polar body (1PB), an oocyte in which 
the spindle was observed in the cytoplasm despite the presence of a 
fragmented	polar	body,	was	determined	as	1PB.	An	oocyte	with	two	
polar bodies (2PB), as well as a cross- linked or disappearing spindle, 
was	determined	as	2PB.	An	oocyte	without	a	spindle	 in	which	the	
first polar body was not fragmented during oocyte retrieval, clearly 
appearing to be two polar bodies, was determined as 2PB.

Oocytes in which polar bodies were observed were transferred 
to a microdrop medium prepared with 35 μl	of	global	medium	(Life	
Global,	Brussels,	Belgium)	and	then	cultured	in	an	incubator	(APM-	
30D,	Astec,	Fukuoka,	Japan)	at	37°C,	5%	CO2, 5% O2, and 90% N2.

Oocytes determined to be 1PB immediately after denudation 
were observed again at 6 h after insemination to count the number 
of polar bodies. Oocytes where fragmentation occurred after de-
nudation and in which the number of polar bodies was difficult to 
determine were compared with images obtained immediately after 
denudation, and oocytes in which the number of polar bodies clearly 
increased were determined as 2PB. When the number of polar bod-
ies was ambiguous, the spindle was observed, and if the spindle re-
mained, they were determined to be 1PB. However, if the spindle 
was cross- linked or disappearing, they were determined as 2PB. For 

oocytes determined as 1PB, the spindle was confirmed again before 
performing rescue ICSI.

Indications of rescue ICSI were cycles with <80% of oocytes de-
termined as 2PB 6 h after insemination. The extrusion rate of the 
second polar body was defined as the ratio of inseminated oocytes 
that were observed as having extruded the second polar body when 
determining whether or not to perform rescue ICSI. Even if the oo-
cytes were determined as 1PB, oocytes that were 1PB during de-
nudation but in which the spindle was not observed, those in which 
the spindle was in the central cytoplasm, and those with poor cy-
toplasmic conditions (such as atrophied cytoplasm and constricted 
cytoplasm) were considered poor quality oocytes and were excluded 
from the target of rescue ICSI in cases where at least 50% of oocytes 
had extruded second polar bodies.

2.4  |  Blastocyst culture and transfer

Fertilization was judged by the number of PN on the day after oocyte 
retrieval.	A	total	of	99.1%	(25634/25881)	of	2PN	embryos	(excluding	
embryos that had undergone cleavage- stage embryo transfer) were 
cultured into blastocysts. For blastocyst transfer, freeze- thaw blasto-
cyst transfer was performed in 98.7% (6320/6404) of cycles, except 
cycles where fresh blastocyst transfer had been performed, while 
single blastocyst transfer was performed in 96.5% (6101/6320). 
Blastocyst	freezing	was	performed	on	embryos	expanded	to	Gardner	
classification	≥2BB	on	the	afternoon	of	Day	4	and	≥3	on	Day	5	or	6.19 
Thawed embryo transfer was performed 4– 20 h after thawing in the 
ovulation cycle or hormone regulation cycle. Transferred embryos 
≥4AA	were	graded	as	good,	≥3BB	as	fair,	and	<3BB as poor. Embryos 
transferred on the sixth day from oocyte retrieval were graded as 
good	for	≥5AA,	fair	for	≥4BB,	and	poor	for	<4BB. Evaluation for im-
plantation rates only included single blastocyst transfers.

2.5  |  Statistical analysis

The Kruskal- Wallis test and the Bonferroni method for multiple 
comparison	were	performed	for	age.	Logistic	regression	analysis	was	
performed for fertilization and blastocyst development rates with 
oocyte age added as the explanatory variable, and logistic regression 
analysis was performed for implantation rates, miscarriage rates, and 
live birth rates, with oocyte age and transferred blastocyst grading 
added	as	the	explanatory	variables.	A	p- value <0.05 was determined 
to be statistically significant. Software R version 3.4.1 was used for 
statistical analysis.

3  |  RESULTS

ICSI was performed on 8640 oocytes of 2302 cycles, while IVF was 
performed on 24496 oocytes of 4944 cycles. Rescue ICSI was per-
formed on 3993 (16.3%) oocytes of 1358 (27.5%) cycles. Regarding 
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the second polar body extrusion rate, the following findings/results 
were observed: 478 (9.7%) cycles had a second polar body extrusion 
rate of <25%, and rescue ICSI was performed on 1724 of 1890 oo-
cytes; 238 (4.8%) cycles had a second polar body extrusion rate of 
25%– 50%, and rescue ICSI was performed on 997 of 1607 oocytes; 
722 (14.6%) cycles had a second polar body extrusion rate of 50%– 
80%, and rescue ICSI was performed on 1272 of 3939 oocytes; and 
3506	cycles	had	a	 second	polar	body	extrusion	 rate	of	≥80%	with	
17060 oocytes, and rescue ICSI was not performed (Figure 2).

Among	 24496	 oocytes	 that	 underwent	 IVF,	 11865	 oocytes	
(48.4%) were determined to be 2PB immediately after denudation 
performed 2.5– 3.5 h after insemination. In terms of breakdown of 
the spindle state at that time, the spindle was cross- linked between 
the second polar body and cytoplasm in 11553 oocytes (47.2%), thin 
and disappearing in 265 oocytes (1.1%), and not observed in 47 oo-
cytes	(0.2%).	Moreover,	12505	oocytes	(51.0%)	were	determined	as	
1PB, the spindle was in the cytoplasm in 10673 oocytes (43.6%), the 
spindle was in the protruded part on the cell membrane surface in 
1261 oocytes (5.1%), and 571 oocytes (2.3%) had no spindle.

Among	oocytes	determined	as	1PB	 immediately	after	denuda-
tion, the second polar body were extruded 6 h after insemination 
from 8080 oocytes (33.0%), and 4375 oocytes (17.9%) were ulti-
mately	determined	as	1PB.	Among	oocytes	determined	as	1PB,	res-
cue ICSI was performed on 3993 oocytes (16.3%) of 1358 cycles 
(27.5%). Rescue ICSI was not performed on 382 oocytes (1.6%) of 
320	cycles	(6.5%),	even	though	they	had	been	judged	as	1PB.	Among	
them,	149	(0.6%)	had	a	second	polar	body	extrusion	rate	of	≥80%,	
and 233 (1.0%) had a poor oocyte quality; thus, rescue ICSI was not 
performed (Figure 3).

Table 1 shows the comparison by fertilization methods. 
Compared with that of rescue ICSI (76.3%), the 2PN rate was higher 
in IVF (79.3%) (p < 0.001) and showed no difference from that of ICSI. 
Compared with that of rescue ICSI (2.2%), the 3PN rate was higher in 
IVF (9.8%) (p < 0.001) and lower in ICSI (1.6%) (p < 0.011). Compared 

with that of rescue ICSI (11.4%), the 0PN rate was lower in IVF (2.9%) 
(p < 0.001) and showed no difference from that of ICSI (11.9%). 
Compared with rescue ICSI (50.8%), the Day 5 blastocyst develop-
ment rate was higher for IVF (60.6%) and ICSI (53.5%) (p < 0.001). 
Compared with rescue ICSI (57.3%), Day 6 blastocyst development 
rate was higher in IVF (69.7%) (p < 0.001) but showed no difference 
from ICSI (58.6%). Compared to rescue ICSI, the grade of transferred 
embryos was good in IVF (p < 0.001), but when analysis was con-
ducted by inputting grade as the explanatory variable, there were no 
differences in the implantation, miscarriage, or live birth rates.

Table 2 shows the comparison by second polar body extrusion 
rate of rescue ICSI oocytes. 3PN rate showed no difference in cy-
cles with a second polar body extrusion rate of <25% and 25%– 50% 
but	was	significantly	higher	in	that	of	≥50%	(p = 0.025). There was 
no difference in the blastocyst development rate, implantation rate, 
miscarriage rate, and live birth rate.

Table 3 shows the comparison of non- rescue ICSI oocytes, which 
did not undergo rescue ICSI despite being judged as 1PB, after they 
had been divided into good oocytes that did not undergo rescue ICSI 
as the second polar body extrusion rate had reached the specified 
number	of	≥80%	6	h	after	insemination,	and	poor	oocytes	that	did	
not undergo rescue ICSI owing to abnormal spindle or poor cyto-
plasm quality. The 2PN rate of good oocytes was 4.0% and that of 
poor oocytes was 10.8%. Compared with good oocytes, the abnor-
mal fertilization rates of 1PN (p = 0.019) and 3PN (p < 0.001), as well 
as 0PN (p < 0.001), were higher in poor oocytes.

4  |  DISCUSSION

The indications of rescue ICSI were expanded to cases with <80% of 
oocytes in the cycle having extruded the second polar body 6 h after 
insemination, but there was no difference in 2PN, blastocyst devel-
opment, implantation, miscarriage, and live birth rates even in cases 

F I G U R E  2 Classification	of	oocytes	by	the	second	polar	body	extrusion	rate	for	IVF	cycles
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with	a	second	polar	body	extrusion	rate	of	50%	or	more.	According	
to Cao et al., the 3PN rate of rescue ICSI increased as the IVF ferti-
lization rate increased, with 8.6% for an IVF fertilization rate of 0%, 
11.3% for that of <25%, and 14.5% for that of 25%– 50%.14 In this 
study, there was no difference in the 3PN rate between a second 
polar body extrusion rate of <25% and 25%– 50%, whereas the 3PN 
rate	increased	for	that	of	≥50%	but	remained	low	at	3.0%.	Moreover,	
the 0PN rate for oocytes that did not undergo rescue ICSI despite 
being 1PB as the second polar body extrusion rate had reached the 
specified	number	of	≥80%	was	91.9%;	many	oocytes	determined	as	
1PB were not fertilized. Oocytes that underwent rescue ICSI with a 
second polar body extrusion rate of 25%– 50% accounted for 4.1% of 
oocytes that underwent IVF, whereas oocytes with a second polar 
body extrusion rate of 50%– 80% accounted for 5.2%. The expansion 
of rescue ICSI indications to <50% can rescue many oocytes without 
increasing the 3PN rate, and the expansion to <80% can also rescue 
many oocytes without increasing the 3PN rate significantly.

An	issue	with	the	fertilization	of	rescue	ICSI	 is	the	difficulty	 in	
determining the number of polar bodies. The implementation of 
rescue ICSI following the misjudgment of 1PB as 2PB, which has 
extruded the second polar body, forms 3PN. The misjudgment of 
the fragmented 1PB as 2PB, even when the second polar body has 

not	been	extruded,	results	in	failed	fertilization.	According	to	Nagy	
et al., 18.2% of oocytes with fragmented polar bodies that did not 
undergo rescue ICSI were fertilized,20 which exemplifies how dif-
ficult it is to accurately determine the number of polar bodies for 
oocytes with fragmented polar bodies. The 3PN rate of early rescue 
ICSI has been reported to be 1.6%– 9.4%.6– 8,17 The 3PN rate of res-
cue ICSI in this study was 2.2%, which is higher than 1.6% in ICSI 
but still low. The low 3PN rate is attributed in part to the accurate 
assessment of second polar body extrusion in oocytes with frag-
mented	polar	bodies	by	additionally	assessing	the	spindle	state.	Guo	
et al. have reported the usefulness of observing the spindle in early 
rescue ICSI and that the 3PN rates were 5.9% when the spindle was 
observed, and 9.4% when it was not observed.17	Moon	et	al.	have	
also reported the usefulness, with a 3PN rate of 4.5% when the spin-
dle is observed and 26.5% when the spindle is not observed on the 
day after insemination.21 The second reason for the low 3PN rate 
was	polar	body	observation	and	MI/MII	oocyte	classification	during	
oocyte retrieval. It has been reported that the fertilization rate de-
creases for a preculture time <3 h,22,23 and normal fertilization may 
not	progress	despite	 sperm	penetration	 in	MI	oocytes	or	oocytes	
that	have	just	matured	into	MII.	In	standard	IVF,	insemination	is	per-
formed 3 h after preculture without observing polar body during 

F I G U R E  3 Classification	of	polar	bodies	in	IVF	cycles	and	the	implementation	of	rescue	ICSI.	“Present	in	the	Cytoplasm”	corresponds	to	
Figure	1A,	“Protruded”	corresponds	to	Figure	1B,	“Cross-	linked”	corresponds	to	Figure	1C,	and	“Disappearing”	corresponds	to	Figure	1D
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oocyte	retrieval,	but	some	oocytes	in	MI	during	oocyte	retrieval	do	
not	mature	into	MII	before	insemination	and	mature	into	MII	before	
denudation. Some of those oocytes do not undergo normal fertil-
ization and do not extrude second polar body even if penetrated 
by the sperm and may become 3PN if rescue ICSI is performed. In 
this study, the observation of polar body during oocyte retrieval and 
exclusion	of	MI	oocytes	from	the	target	of	rescue	ICSI	may	also	have	
contributed to lower rates of 3PN.

However, the 3PN rate of rescue ICSI was higher than that of 
ICSI and even higher in cases with a high second polar body extru-
sion rate. If rescue ICSI is performed on oocytes with a late extru-
sion of second polar body even if penetrated by the sperm, 3PN 
may	be	formed.	Among	good	oocytes	that	did	not	undergo	rescue	
ICSI despite being 1PB as the ratio of oocytes having extruded 
second polar body had reached the specified number, 4.0% of the 
oocytes were fertilized normally the next day. There are also a few 
oocytes that are late extruders, extruding the second polar body 
later than 6 h after insemination; thus, it is considered difficult to 
completely eliminate unnecessary rescue ICSI. In addition, poor 
quality oocytes with poor cytoplasmic conditions are fertilized to 
a certain degree without rescue ICSI, but it is better to exclude 
them from the target of rescue ICSI because of the large number of 
abnormally fertilized oocytes.

In rescue ICSI, the decrease in embryo development owing 
to oocyte aging associated with the delayed timing of fertiliza-
tion has been a concern. The fertilization and pregnancy rates 

have reportedly reduced when the time from oocyte retrieval to 
ICSI was prolonged,24– 26 but it has also been reported that no ef-
fects were observed up to 9 h27 and 12 h28; as such, there is no 
consensus on the impact of delayed timing of ICSI implementa-
tion on embryo development. Studies on embryo development in 
early rescue ICSI have reported grades of cleavage stage embryos 
lower than IVF20 or equal to ICSI,8,17 but there are few studies on 
their development into blastocysts. In this study, Day 5 blastocyst 
development rate was lower than that of ICSI oocytes, but Day 
6 blastocyst development rate showed no difference. In rescue 
ICSI, Day 5 blastocyst development rate is low owing to delayed 
fertilization timing, but there is no difference in the final Day 6 
development rate, showing the same embryo development as in 
ICSI, suggesting that the aging of oocytes may not have a great 
impact. However, it has been reported that compared with rescue 
ICSI, sperm findings are poor in ICSI, and embryo development 
decreases with the decrease in semen findings 29,30, so embryo de-
velopment in rescue ICSI may in fact not be completely equal to 
ICSI. In terms of embryo development after rescue ICSI performed 
based on the second polar body extrusion rate, Cao et al. reported 
that the higher the second polar body extrusion rate, the lower the 
blastocyst development rate.14 In our study, however, the blasto-
cyst development and implantation rates did not decrease in cycles 
with	a	second	polar	body	extrusion	rate	of	≥50%,	 indicating	that	
the expansion of rescue IVF indications does not exert a negative 
effect on embryo development.

TA B L E  1 Comparison	of	ICSI,	IVF,	and	rescue	ICSI	oocytes	using	the	fertilization	method

ICSI oocytes IVF oocytes
Rescue ICSI 
oocytes

p- value
Rescue ICSI vs. ICSI

p- value
Rescue ICSI vs. IVF

No. of cycles 2302 3506 1358

No. of oocytes 8640 17060 3993

Oocyte age 36.0 ± 4.7 36.0 ± 4.1 35.8 ± 4.2 <0.001 <0.11

Total motile sperm count (million/ml) 12.1 ± 20.0 46.2 ± 34.0 38.3 ± 30.0 <0.001 <0.001

1PN (%) 362 (4.2%) 650 (3.8%) 170 (4.3%) 0.86 0.14

2PN (%) 6546 (75.8%) 13527 (79.3%) 3045 (76.3%) 0.60 <0.001

3PN (%) 140 (1.6%) 1672 (9.8%) 87 (2.2%) 0.025 <0.001

0PN (%) 1027 (11.9%) 499 (2.9%) 454 (11.4%) 0.40 <0.001

No. of blastocyst cultures 6454 13496 3022

Day 5 blastocysts (% per 2PN) 3433 (53.3%) 8183 (60.6%) 1534 (50.8%) 0.014 <0.001

Day 6 blastocysts (% per 2PN) 3779 (58.6%) 9406 (69.7%) 1733 (57.3%) 0.23 <0.001

No. of single blastocyst transfers 1387 3418 590

Patient age during oocyte retrieval 35.3 ± 3.9 35.6 ± 4.1 35.4 ± 4.3 1.00 1.00

Transferred blastocyst grading 0.55 <0.001

Good 452 (32.6%) 1548 (45.3%) 160 (27.1%)

Fair 607 (43.8%) 1360 (39.8%) 298 (50.5%)

Poor 328 (23.6%) 510 (14.9%) 132 (22.4%)

Implantation (% per BT) 644 (46.9%) 1691 (49.5%) 252 (43.2%) 0.28 0.25

Miscarriage	(%	per	implantation) 131 (20.3%) 381 (22.5%) 45 (17.6%) 0.35 0.13

Live	births	(%	per	BT) 510 (36.8%) 1293 (37.8%) 204 (34.6%) 0.65 0.98

Abbreviations:	BT,	blastocyst	transfer;	ICSI,	intracytoplasmic	sperm	injection;	IVF,	in	vitro	fertilization;	PN,	pronuclei.
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For early rescue ICSI that checks the first polar body at the time 
of oocyte retrieval and observes the spindle immediately after de-
nudation and 6 h after, the expansion of indications to cases with a 
second polar body extrusion rate of <80% can enable the efficient 
rescue of unfertilized oocytes without significantly increasing the 
3PN rate. When taking into account embryo development and live 
birth rates, it appears useful to expand the indications of rescue IVF. 
However, for cases with a high second polar body extrusion rate, the 
decision to perform rescue ICSI needs to be made individually for 
each case and institution taking into account the slightly increased 
possibility of 3PN.
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Cycles with 
<25%

Cycles with 
25%– 50%

Cycles with 
50%– 80% p- value

No. of rescue ICSI cycles 468 236 654

No. of rescue ICSI oocytes 1724 997 1272

Oocyte age 35.9 ± 4.3 35.6 ± 4.2 35.9 ± 4.1 0.37

1PN (%) 73 (4.2%) 48 (4.8%) 49 (3.9%) 0.36

2PN (%) 1340 (77.6%) 752 (75.4%) 953 (74.9%) 0.15

3PN (%) 31(1.8%) 18 (1.8%) 38 (3.0%) 0.025

0PN (%) 202 (11.7%) 119 (11.9%) 133 (10.5%) 0.25

No. of blastocyst cultures 1,319 752 951

Day 5 blastocysts 
(% per 2PN)

692 (52.4%) 383 (50.9%) 459 (48.3%) 0.11

Day 6 blastocysts 
(% per 2PN)

782 (59.3%) 424 (56.4%) 527 (55.4%) 0.10

No. of single blastocyst 
transfers

300 131 159

Patient age during 
oocyte retrieval

35.6 ± 4.3 35.0 ± 4.3 35.6 ± 4.2 0.67

Transferred blastocyst 
grading

0.42

Good 82 (27.3%) 39 (29.8%) 39 (24.5%)

Fair 143 (47.7%) 61 (46.6%) 94 (59.2%)

Poor 75 (25.0%) 31 (23.7%) 26 (16.4%)

Implantation (% per BT) 123 (40.3%) 65 (49.6%) 67 (42.1%) 0.32

Miscarriage	(%	per	
implantation)

23 (19.0%) 12 (18.5%) 10 (14.9%) 0.53

Live	births	(%	per	BT) 97 (32.3%) 51 (38.9%) 56 (35.2%) 0.24

Abbreviations:	BT,	blastocyst	transfer;	ICSI,	intracytoplasmic	sperm	injection;	PN,	pronuclei.

TA B L E  2 Comparison	of	rescue	ICSI	
oocytes by second polar body extrusion 
rate

Good oocytes Poor oocytes p- value

No. of cycles 130 195

No. of oocytes 149 233

Oocyte age 35.3 ± 4.3 36.3 ± 3.7 0.021

1PN (%) 1 (0.67%) 20 (8.6%) 0.019

2PN (%) 6 (4.0%) 21 (10.8%) 0.065

3PN (%) 1 (0.67%) 61 (26.2%) <0.001

0PN (%) 137 (91.9%) 113 (48.5%) <0.001

No. of blastocyst cultures 6 21

Day 6 blastocysts (% per 2PN) 2 (33.3%) 3 (14.2%) 0.47

Abbreviation:	PN,	pronuclei.

TA B L E  3 Comparison	of	non-	rescue	
ICSI oocytes by embryo quality
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(institutional and national) and with the Helsinki declaration of 1964 
and its later amendments. Informed consent was obtained from all 
patients for being included in the study.

E THIC S APPROVAL
Approval	was	obtained	from	the	ethics	committee	of	Minoura	Ladies	
Clinic	(Approval	number:	H21.03).	The	procedures	used	in	this	study	
adhere to the tenets of the declaration of Helsinki.

INFORMED CONSENT
Written patient consent was obtained after providing a thorough 
explanation.

ORCID
Takashi Shibahara  https://orcid.org/0000-0002-4992-1172 

R E FE R E N C E S
	 1.	 Combelles	 CM,	 Morozumi	 K,	 Yanagimachi	 R,	 Zhu	 L,	 Fox	 JH,	

Racowsky C. Diagnosing cellular defects in an unexplained case of 
total fertilization failure. Hum Reprod. 2010;25:1666- 1671.

	 2.	 Embryology	ESIGo,	Medicine	ASiR.	The	Vienna	consensus:	Report	
of an expert meeting on the development of art laboratory perfor-
mance indicators. Hum Reprod Open. 2017;2:hox011.

	 3.	 Nagy	ZP,	Joris	H,	Liu	J,	Staessen	C,	Devroey	P,	Van	Steirteghem	AC.	
Intracytoplasmic single sperm injection of 1- day- old unfertilized 
human oocytes. Hum Reprod. 1993;8:2180- 2184.

	 4.	 Kuczyński	 W,	 Dhont	 M,	 Grygoruk	 C,	 Pietrewicz	 P,	 Redzko	 S,	
Szamatowicz	M.	Rescue	ICSI	of	unfertilized	oocytes	after	IVF.	Hum 
Reprod. 2002;17:2423- 2427.

	 5.	 Yuzpe	AA,	Liu	Z,	Fluker	MR.	Rescue	intracytoplasmic	sperm	injec-
tion (ICSI)- salvaging in vitro fertilization (IVF) cycles after total or 
near- total fertilization failure. Fertil Steril. 2000;73:1115- 1119.

 6. Chen C, Kattera S. Rescue ICSI of oocytes that failed to extrude the 
second polar body 6 h post- insemination in conventional IVF. Hum 
Reprod. 2003;18:2118- 2121.

	 7.	 Zhu	L,	Xi	Q,	Nie	R,	Chen	W,	Zhang	H,	Li	Y.	Rescue	intracytoplas-
mic sperm injection: a prospective randomized study. J Reprod Med. 
2011;56:410- 414.

	 8.	 Jin	H,	Shu	Y,	Dai	S,	Peng	Z,	Shi	S,	Sun	Y.	The	value	of	second	polar	
body detection 4 hours after insemination and early rescue icsi in 
preventing complete fertilisation failure in patients with borderline 
semen. Reprod Fertil Dev. 2014;26:346- 350.

	 9.	 Liu	W,	Liu	J,	Zhang	X,	Han	W,	Xiong	S,	Huang	G.	Short	co-	incubation	
of	 gametes	 combined	 with	 early	 rescue	 ICSI:	 An	 optimal	 strat-
egy for complete fertilization failure after IVF. Hum Fertil (Camb). 
2014;17:50- 55.

	10.	 Chen	 L,	 Xu	 Z,	 Zhang	 N,	 et	 al.	 Neonatal	 outcome	 of	 early	 res-
cue ICSI and ICSI with ejaculated sperm. J Assist Reprod Genet. 
2014;31:823- 828.

	11.	 Zhang	NY,	Sun	HX,	Hu	YL,	Wang	B,	Xu	ZP.	Combination	of	short-	
period sperm- oocyte coincubation and early rescue intracyto-
plasmic sperm injection after total failure of in vitro fertilization. 
Zhonghua Nan Ke Xue. 2009;15:538- 541.

	12.	 Dai	SJ,	Qiao	YH,	Jin	HX,	et	al.	Effect	of	coincubation	time	of	sperm-	
oocytes on fertilization, embryonic development, and subsequent 
pregnancy outcome. Syst Biol Reprod Med. 2012;58:348- 353.

	13.	 Huang	B,	Qian	K,	Li	Z,	et	al.	Neonatal	outcomes	after	early	rescue	
intracytoplasmic sperm injection: an analysis of a 5- year period. 
Fertil Steril. 2015;103:1432- 1437.

	14.	 Cao	 S,	Wu	X,	 Zhao	C,	 Zhou	 L,	 Zhang	 J,	 Ling	X.	Determining	 the	
need for rescue intracytoplasmic sperm injection in partial 

fertilisation failure during a conventional IVF cycle. Andrologia. 
2016;48:1138- 1144.

	15.	 Xiong	 F,	 Sun	 Q,	 Li	 G,	 et	 al.	 Perinatal	 and	 neonatal	 outcomes	 of	
pregnancies after early rescue intracytoplasmic sperm injection 
in women with primary infertility compared with conventional in-
tracytoplasmic sperm injection: a retrospective 6- year study. BMC 
Pregnancy Childbirth. 2020;20:460.

	16.	 Hirabayashi	 Y,	 Tawara	 F,	 Ishii	 M,	 Muramatsu	 H,	 Kanayama	 N.	
Evaluation of rescue ICSI on oocytes without extrusion of the 
second polar body in cases of moderately disturbed fertilization. J 
Mamm Ova Res. 2006;23:135- 140.

	17.	 Guo	Y,	Liu	W,	Wang	Y,	et	al.	Polarization	microscopy	imaging	for	the	
identification of unfertilized oocytes after short- term insemination. 
Fertil Steril. 2017;108:78- 83.

	18.	 Shibahara	 T,	 Kawato	H,	 Fukasaku	 Y,	Minoura	H.	 An	 indicator	 to	
reduce	3PN	 rate	 in	 rescue	 ICSI	 –	Using	oocyte	maturity	 and	pol-
scope- . J Fert Implant. 2010;27:142- 146.

	19.	 Gardner	 DK,	 Lane	 M,	 Stevens	 J,	 Schlenker	 T,	 Schoolcraft	 WB.	
Blastocyst score affects implantation and pregnancy outcome: 
Towards a single blastocyst transfer. Fertil Steril. 2000;73:1155- 1158.

	20.	 Nagy	ZP,	Rienzi	LF,	Ubaldi	FM,	Greco	E,	Massey	JB,	Kort	HI.	Effect	
of reduced oocyte aging on the outcome of rescue intracytoplasmic 
sperm injection. Fertil Steril. 2006;85:901- 906.

	21.	 Moon	JH,	Son	WY,	Henderson	S,	Mahfoudh	A,	Dahan	M,	Holzer	
H. Spindle examination in unfertilized oocytes using the polar-
ization microscope can assist rescue ICSI. Reprod Biomed Online. 
2013;26:280- 285.

	22.	 RienziL,	UbaldiF,	Anniballo	R,	Cerulo	G,	Greco	E.	Preincubation	of	
human oocytes may improve fertilization and embryo quality after 
intracytoplasmic sperm injection. Hum. Reprod. 1998;13:1014- 1019.

	23.	 Ho	JY,	Chen	MJ,	Yi	YC,	Guu	HF,	Ho	ES.	The	effect	of	preincubation	
period of oocytes on nuclear maturity, fertilization rate, embryo 
quality, and pregnancy outcome in IVF and ICSI. J Assist Reprod 
Genet. 2003;20:358- 364.

	24.	 Andrews	 MM,	 Fishel	 SB,	 Rowe	 PH,	 Berry	 JA,	 Lisi	 F,	 Rinaldi	 L.	
Analysis	 of	 intracytoplasmic	 sperm	 injection	 procedures	 related	
to delayed insemination and ejaculated, epididymal and testicular 
spermatozoa. Reprod Biomed Online. 2001;2:89- 97.

	25.	 Falcone	 P,	 Gambera	 L,	 Pisoni	M,	 et	 al.	 Correlation	 between	 oo-
cyte preincubation time and pregnancy rate after intracytoplasmic 
sperm injection. Gynecol Endocrinol. 2008;24:295- 299.

	26.	 Patrat	C,	Kaffel	A,	Delaroche	 L,	 et	 al.	Optimal	 timing	 for	 oocyte	
denudation and intracytoplasmic sperm injection. Obstet Gynecol 
Int. 2012;2012:403531.

	27.	 Yanagida	 K,	 Yazawa	 H,	 Katayose	 H,	 Suzuki	 K,	 Hoshi	 K,	 Sato	 A.	
Influence of oocyte preincubation time on fertilization after intra-
cytoplasmic sperm injection. Hum Reprod. 1998;13:2223- 2226.

	28.	 Rienzi	L,	Ubaldi	F,	Anniballo	R,	Cerulo	G,	Greco	E.	Preincubation	of	
human oocytes may improve fertilization and embryo quality after 
intracytoplasmic sperm injection. Hum Reprod. 1998;13:1014- 1019.

	29.	 Loutradi	KE,	Tarlatzis	BC,	Goulis	DG,	et	 al.	The	effects	of	 sperm	
quality on embryo development after intracytoplasmic sperm in-
jection. J Assist Reprod Genet. 2006;23:69- 74.

	30.	 Miller	JE,	Smith	TT.	The	effect	of	intracytoplasmic	sperm	injection	
and semen parameters on blastocyst development in vitro. Hum 
Reprod. 2001;16:918- 924.

How to cite this article:	Shibahara	T,	Fukasaku	Y,	Miyazaki	N,	
Kawato	H,	Minoura	H.	Usefulness	of	expanding	the	
indications of early rescue intracytoplasmic sperm injection. 
Reprod Med Biol. 2022;21:e12432. doi:10.1002/rmb2.12432

https://orcid.org/0000-0002-4992-1172
https://orcid.org/0000-0002-4992-1172
https://doi.org/10.1002/rmb2.12432

