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Abstract: To avoid multiple pregnancies, it is important 
to select a single high quality embryo for transfer. Obser-
vation of meiotic spindles in oocytes is one way of evalu-
ating embryo developmental competence. The spindle is 
non-invasively visualized by polarized light microscopy. It 
is possible to perform ICSI more safely and with optimal 
timing during meiosis by visualizing the meiotic spindle 
just before ICSI. In some human studies, it has been 
reported that oocytes with a spindle show significantly 
higher fertilization, blastocyst formation and pregnancy 
rates. Recently, it has been reported that morphological 
spindle normality is related to the live birth rate. In mice, 
the areas of the spindles in aged oocytes (23 h after hCG 
injection) are larger than those in young oocytes (15 h 
after hCG injection), and the blastocyst formation rate of 
aged oocytes is lower than that of young oocytes. Ad-
dition of MG132, a ubiquitin-mediated proteasome pro-
teolysis inhibitor, to the medium prevents the spindle 
from becoming large and increases the blastocyst devel-
opmental rate. Therefore, it is thought that the spindle 
configuration and chromosome arrangement reflect the 
physiological stage or quality of an oocyte. Spindle imag-
ing provides a useful index for comprehensively assess-
ing embryo quality.
Key words: Spindle imaging, PolScope, ICSI, Human, 
Aging

Introduction

In 1992, a healthy baby was born after replacing a 
single embryo, which was fertilized by intracytoplasmic 
sperm injection (ICSI) [1]. This was the first successful 
human pregnancy and live birth by ICSI [2, 3]. Since 

then, the use of ICSI has rapidly spread worldwide, and it 
has become a standard treatment for infertility due to se-
vere semen abnormalities in human assisted reproduc-
tion technology (ART). Today, indications for ICSI are not 
male infertility alone; failure of fertilization in IVF cycles is 
also considered suitable for ICSI treatment [4].

Along with the progress of ART, multiple pregnancies 
have gradually increased. To increase the pregnancy 
rate after embryo transfer, multiple embryos were often 
transferred at one time. A major complication of ART 
treatment is recognized as multiple pregnancies [5–7]. 
Elective transfer of a single embryo (eSET) is an effective 
way of reducing the risk of multiple pregnancies. At the 
point of execution, the key to the success of eSET is the 
developmental competence of the single embryo. There-
fore, the selection of a good quality embryo is crucial. 
Many studies have assessed oocyte or embryo viability, 
and their criteria for selection, e.g. oxygen consumption, 
metabolic profiling and gene expression [8–11]. In clinical 
practice, recent advances in oocyte or embryo assess-
ment are: the evaluation of meiotic spindles in human oo-
cytes by polarized light microscopy [12, 13], and the mor-
phokinetics of embryos by time-lapse monitoring [14, 15].

In ICSI, cumulus cells are removed by hyaluronidase 
and pipetting, and the oocytes are fertilized after mor-
phological evaluation. With cumulus-free oocytes it is 
easy to make detailed observations of the ooplasma and 
the maturity of the oocytes. In addition, non-invasive 
observation of the meiotic spindle may provide more in-
formation on oocyte quality. However, the relationship 
between the meiotic spindle image and the competence 
of embryo development is not clear, and is not well un-
derstood. Recently, the age of ICSI patients has been 
gradually increasing, and the quality of oocytes decreas-
es, and the miscarriage rate increases dramatically with 
increasing age [16]. Against this background, we think 
that the evaluation of oocyte quality is becoming very im-
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portant in ART.
The objective of this review is to summarize meiotic 

spindle evaluation in the human oocyte by polarized light 
microscopy, and the clinical use of spindle images to as-
sess the embryo quality. Furthermore, we share our ex-
perience and recent findings in the clinical use of polar-
ized light microscopy.

Non-invasive Observation of Oocyte Spindles

Spindles are composed of microtubules that show bi-
refringence, which cytoplasm does not. Polarized light 
microscopy has the potential to visualize and measure bi-
refringent structures such as spindles. At present, three 
types of polarized light microscope system are available 
for the observation of spindles in oocytes. Photographs 
of human oocytes by bright field microscopy, the OC-
TAX polar AIDE system (MTG), the IX-Robopolar system 
(Olympus), and the Oosight imaging system (PolScope, 
CRi) are shown in Figs. 1A, B, C, and D, respectively. 
Observation of the spindle does not damage an oocyte, 
nor does it affect the developmental competence of an 
oocyte. Thus, it allows safer fertilization of oocytes by 
ICSI in clinical settings.

Spindle observation has two main merits. The first is 
the detection of the spindle location during ICSI. The vi-
sualization of the metaphase II (MII) spindle in oocytes 
by polarized light microscopy can be used to avoid dam-
aging the spindle and chromosomes when inserting the 
ICSI needle into the ooplasma. In the basic technique 
of human ICSI, the injection is usually made at the 3 or 
9 o’clock position with the first polar body (PB) at the 12 
or 6 o’clock position, because it is postulated that the MII 
spindle is located adjacent to the first PB. Recent obser-
vations of the relationship between the MII spindle and 
the first PB by fluorescent immunostaining and polarized 
light microscopy show that the MII spindle is not always 
present near the first PB at ICSI [17–19]. The position 
of the MII spindle cannot be predicted by the location of 
the first PB. Uchiyama et al. [20] reported that when the 
spindle was intentionally damaged by cytoplasm aspira-
tion, the normal fertilization rate decreased and the multi-
pronuclear formation rate increased. Therefore, for safe 
ICSI, it is thought that the injection should be made at 
the 3 or 9 o’clock position with the MII spindle visualized 
using a polarized light microscope at the 12 or 6 o’clock 
position to avoid damaging the spindle.

The second merit of spindle observation is that the 
spindle image provides an indication of the optimal tim-
ing of ICSI. Time-lapse observation of MI to MII oocytes 
has shown that the presence of the first PB does not nec-

essarily indicate completion of spindle disassembly [21, 
22]. After extrusion of the first PB, the spindle still main-
tains a connective strand between the first PB and the 
ooplasm for approximately 75 and 90 min at telophase I. 
Furthermore, for 40 to 60 min, the spindle is not detect-
ed. After approximately 115 to 150 min after the first PB 
extrusion, the MII meiotic spindle is formed, and can be 
observed by polarized light microscopy [21, 23]. Montag 
et al. [24] reported that when oocytes at telophase I were 
fertilized by ICSI, the majority of oocytes showed three 
pronuclei and a missing second PB 16–20 h after ICSI. 
Also, in oocytes with the first PB which did not have a MII 
spindle, it became visible in half of the oocytes after addi-
tional culture for 2 h, and the fertilization rate was similar 
to that of oocytes in which the spindle was detected at 
the first observation [21].

Several studies have investigated the importance of 
the presence of a spindle in human oocytes, but their 
results are contradictory. Some studies have reported 
higher fertilization rates in oocytes with spindles at the 
time of ICSI [25–31], whereas other studies have found 
no significant difference in fertilization rates [32, 33]. 
However, a recent meta-analysis found that oocytes with 
a visible spindle exhibited statistically higher fertiliza-
tion, cleavage and blastocyst rates [34]. In our clinic, we 
have confirmed that oocytes with a visible spindle have 
a significantly higher fertilization rate (82.8% vs. 39.4%) 
and blastocyst rate (43.4% vs. 10.3%) than oocytes with 

Fig. 1.	 A	human	oocyte	observed	by	bright	field	light	micros-
copy (A), and polarized light microscopy: OCTAX 
polar AIDE system (B), IX-Robopolar system (C), and 
Oosight imaging system (D). A spindle in a MII oocyte 
becomes visible under polarized light microscopy. Scale 
bar is 50 µm.
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no visible spindle (Table 1). These results show that we 
should not estimate the oocyte maturity by the pres-
ence of the first PB alone. Rather, observation of the MII 
spindle in oocytes by polarized light microscopy gives 
us more information on oocyte quality and provides the 
best estimate of the optimal timing for ICSI. The estima-
tion of the best timing for ICSI is the first step toward 
increase of normal fertilization and cleavage rates, and 
consequent improvements to the outcome of treatment 
in human ART.

Use of Spindle Imaging to  
Select High Quality Oocytes

The meiotic spindle plays a key role in accurate chro-
mosome segregation and chromosomal movement dur-
ing meiosis. Whether or not a spindle image by PolScope 
(CRi) is a marker of oocyte quality has previously been 
discussed. The normal fertilization rate of oocytes with a 
spindle at the time of ICSI has been reported to be higher 
than that of oocytes without spindles [25–31]. However 
Moon et al. [32] reported that the normal fertilization rate 
showed no significant difference between oocytes with 
and without spindles. Furthermore, embryo grade at Day 
2 or 3 in a group of oocytes with spindles was similar to 
that of a group of oocytes without spindles [17, 18].

Madaschi et al. [31] reported that the majority of oo-
cytes with visible spindles after ICSI cleaved early within 
27 h after ICSI, and the pregnancy rate of those embryos 
was higher than that of oocytes without a spindle. When 
spindles in human oocytes matured for 22 and 24 h in 
vitro could not be detected by PolScope, abnormal mi-
crotubule organization and abnormal chromosome align-
ment were frequently observed in the oocytes under 
confocal microscopy after fluorescence immunostaining 
[35].

During normal meiotic maturation, spindles in oocytes 
are not always observed. However, it is not always the 
case that oocytes without spindle images have abnormal 
chromosomes [21]. It has been reported that the visible 
spindle rate in oocytes at 38 h post-hCG is higher than 
at other times [27]. Oocytes without spindle images may 
also complete meiotic maturation. Thus, we think that the 
time of observation is an important factor in the evalua-
tion of oocyte quality by spindle imaging.

At our clinic, when meiotic spindles in the oocytes are 
not detected at the first observation, the oocytes are cul-
tured for a further 1 to 3 h depending on the situation. 
This short culture may result in spindle visualization (Fig. 
2A and B), which increases the fertilization rate after 
ICSI. However, all of the oocytes without visible spindles 
are not always abnormal. It is true that the normal fer-
tilization and blastocyst rates of oocytes without visible 
spindles are lower, but we have witnessed the birth of 
two healthy babies after transfer of frozen-thawed blas-
tocysts which did not have visible spindles.

In addition to the detection of visible spindles, the rela-
tionship between quantitative or qualitative criteria, such 

Table 1. Fertilization and blastocyst rates of human oocytes with or without a visible 
spindle after ICSI

Parameter Visible spindle Not-visible spindle Significance 
P

No. of patients 1655 129 -
Maternal age 40.6 ± 0.1 40.0 ± 0.4 NS
No. of oocytes 3455 155 -
Fertilization (2PN) (%)* 2861 (82.8) 61 (39.4) P < 0.0001
Blastocysts (%)** 1501 (43.4) 16 (10.3) P < 0.0001

*Normal fertilization rate per oocytes. **Blastocyst rate per oocytes. Oocytes were 
collected in letrozole-stimulated cycles. The t-test was used to compare maternal ages. 
Data are expressed as the mean ± SD. Fisher’s exact test was used to compare fertiliza-
tion and blastocyst rates.

Fig. 2.	 At	the	first	observation,	a	spindle	was	not	detected	in	a	
human oocyte (A), but after additional culture for 1 h, 
a	 spindle	 (white	 arrow)	 appeared	 under	 the	 first	 polar	
body (B). Scale bar is 50 µm.
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as area, configuration and retardance on the spindle 
image, and the quality of oocytes (for example develop-
mental competence) has been investigated. Kilani et al. 
[36] reported that a spindle was considered normal if it 
was complete, barrel-shaped and showed strong bire-
fringence, and any other shape was considered abnor-
mal. Spindle normality in the oocytes of their pregnant 
patients was significantly higher than that in pregnancy 
failure (100% vs. 33%, P < 0.05). Also, the spindle densi-
ty, i.e. retardance, was significantly higher in the oocytes 
resulting in pregnancy; and fertilization rates, good-qual-
ity blastocyst rates, implantation rates and live birth rates 
of the oocytes with normal spindles were also higher 
than their respective rates in the oocytes with abnormal 
spindles. Spindle assessment with PolScope provides an 
early indication of the pregnancy potential of a particular 
oocyte. Therefore, spindle assessment should improve 
the selection of the best embryo for single embryo trans-
fer [37].

A few studies have reported the relationship between 
spindle morphology by PolScope and embryo develop-
ment. Spindle area, lengths and retardance were sig-
nificantly greater in an early cleaving group (<27 h post-
ICSI), and blastocyst rates and pregnancy rates in this 
group were significantly higher than those in a late cleav-
ing group [38].

We analyzed the relationship between biological ag-
ing and spindle configuration in oocytes, and found that 
the areas, lengths and retardance of spindles in oocytes 
becomes greater with age (Table 2). Wang et al. [25, 35] 
observed under confocal microscopy that the abnormal-
ity of spindles in oocytes occurred with higher frequency 
in subjects aged from 40 to 45 years [39].

Observation of spindles in oocytes by PolScope is 
expected to become a method for the selection of high 
quality and viable embryos. However, spindles in oo-
cytes are affected by temperature [40], pH [24], and the 
progress of meiotic maturation, and there are few reports 
of a consistent relationship between the spindle morphol-

ogy and embryonic development or pregnancies after 
single embryo transfer. For clinical use, further studies 
will be needed to accurately evaluate the oocyte quality 
by spindle imaging and predict the viable embryos which 
give rise to successful pregnancies and births.

Improvement of Oocyte Quality Using  
Spindle Imaging

As noted above, it is thought that spindle images of the 
oocytes are one criterion for the determination and se-
lection of good quality oocytes. In human ART, preovula-
tory oocytes are recovered from comparatively large fol-
licles, but the maturity of oocytes is variable. The range 
of oocyte maturities may depend on meiotic maturation 
progress or oocyte aging in antral follicles.

In mice, the developmental competence of ovulated 
oocytes 15 h after hCG injection is very high, and the 
oocytes are defined as young. Observations of a meiotic 
spindle by PolScope and by fluorescence microscopy 
are respectively shown in Fig. 3A and Fig. 3D. The area 
of the spindles (Fig. 4A) in the young oocytes was 202.3 
± 4.6 µm2 (mean ± SEM), and after the oocytes had been 
cultured for 8 h in vitro, i.e. 23 h after hCG injection, the 
area of the spindles of the aged oocytes had increased 
to 229.3 ± 4.4 µm2(Fig. 4A), an area significantly greater 
than that of the young oocytes (Fig. 3B and E). When 5 
µM MG132 was added to the medium for 8 h (Fig. 3C and 
F), the area of the spindles in the aged oocytes, 201.0 ± 
4.5 µm2, was smaller than that of the oocytes that were 
not treated with MG132, and similar to that of the young 
oocytes at 15 h after hCG injection (Fig. 4A). MG132 is 
an ubiquitin-mediated inhibitor of proteasome proteoly-
sis and prevents MPF inactivation by blocking cyclin B 
degradation.

The blastocyst rate (Fig. 4B) of the aged oocytes (23 h 
post-hCG: cultured for 8 h) after ICSI significantly de-
creased compared to that of the young oocytes (60.3% 
vs. 93.3%). However, treatment with MG132 for 8 h im-

Table 2. Effect of age on spindle parameters of human oocytes

Parameter Under 35 years 36–40 years Over 41 years

No. of oocytes 83 161 229
Spindle	length	(μm) 13.7 ± 1.4a 13.9 ± 2.0a 14.9 ± 2.3b

Spindle	width	(μm)	 8.8 ± 1.1 9.0 ± 8.8 9.1 ± 1.2
Spindle	area	(μm2) 97.6 ± 16.3a 102.8 ± 22. 3a 110.8 ± 25.6b

Spindle retardance (nm) 2.07 ± 0.47a 1.92 ± 0.46a 1.78 ± 0.45b

Oocytes were collected in letrozole-stimulated cycles. All oocytes were matured after 
they were retrieved. Differences between treatment groups were compared using one-
way ANOVA.



Matsunaga, et al. 7

proved the blastocyst rate of aged oocytes to a high rate 
(83.3%).

The area of spindles increases gradually with oocyte 
aging, and the blastocyst rate of the oocytes decreas-
es with aging after ICSI. We showed that the addition 

of MG132 affected the spindle size in mouse oocytes 
after in vitro culture and improved the developmental 
competence of the oocytes [41]. Ono et al. [42] reported 
that MG132 maintained MPF activity, and that caffeine 
maintained normal meiotic spindle morphology; and they 

Fig. 3.	 Observation	of	a	spindle	in	a	mouse	oocyte	by	PolScope	(A-C)	and	fluorescent	
microscopy (D-F). Spindles in ovulated oocytes 15 h after hCG (young oocytes: 
A and D); spindles in oocytes 23 h after hCG injection (in vitro culture for 8 
h: aged oocytes, B and E); spindles in MG132-treated oocytes (C and F). With 
oocyte aging, the area of the spindle becomes gradually greater, but the spindle 
area in the MG132-treated oocyte decreased. Scale is 20 µm.

Fig. 4. Spindles in mouse oocytes with oocyte aging (A) and blastocyst development after ICSI (B). MG132 
treatment of the aged oocytes resulted in a smaller spindle area (A) and increased the blastocyst rate (B). 
a,b P < 0.05.
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obtained live offspring from BDF1 mouse oocytes trans-
ferred at 34 h after hCG injection.

There have been several reports of the reversibility of 
oocyte aging [43]. At present, it is difficult to change aged 
oocytes into young oocytes. However, the aging speed of 
oocytes may be delayed by reinforcement of MPF with, 
for example, MG132. Also, caffeine can delay porcine 
oocyte aging by regulating MPF [44]. The addition of 
melatonin maintains the developmental competence of 
oocytes with increasing age by preventing the formation 
of reactive oxygen species (ROS) [45].

The relationship between the meiotic spindle and the 
development competence of the oocytes is not yet clear, 
but it is thought that the spindle configuration and chro-
mosome arrangement reflect the physiological stage or 
quality of the oocytes. Thus, the spindle image provides 
a useful index for the exploration of the optimal culture 
condition. Further investigations will be needed to deter-
mine the culture system for the improvement of oocyte 
quality and the production of high quality embryos.

Conclusion

The confirmation of the spindle location in the oocytes 
by polarized light microscopy has markedly reduced 
damage to spindles and chromosomes in ICSI. Also, 
when the presence of spindles in oocytes is not con-
firmed, the developmental competence of the oocytes is 
lower than that in the presence of a spindle. The detailed 
analysis of meiotic spindles (for example, area, length, 
and retardance), may provide more information for the 
evaluation of the developmental competence of oocytes.

In eSET, the criteria for the selection of quality embry-
os are important, and the assessment of meiotic spindles 
in oocytes by PolScope (a polarized light microscope) 
may indicate the optimal timing for ICSI. However, it is 
not an absolute marker, and it requires the support of 
other evaluation methods, for example, time-lapse moni-
toring. Further investigation is needed to demonstrate 
the relationships between spindle morphology and the 
developmental competence of oocytes, and their ability 
to develop to the blastocyst.

Acknowledgment

The authors thank Dr. Masanori Ochi and Dr. Akiko 
Kuwahata of Ochi-Yume Clinic Nagoya for their critical 
reading and suggestions. We also thank the staff of Ochi-
Yume Clinic Nagoya for their assistance with all of our 
work.

References

 1) Van Steirteghem, A. (2012): Celebrating ICSI’s twentieth 
anniversary and the birth of more than 2.5 million chil-
dren—the ‘how, why, when and where’. Hum. Reprod., 27, 
1–2. [Medline]  [CrossRef]

 2) Palermo, G., Joris, H., Devroey, P. and Van Steirteghem, 
A.C. (1992): Pregnancies after intracytoplasmic injection 
of single spermatozoon into an oocyte. Lancet, 340, 17–18. 
[Medline]  [CrossRef]

 3) Van Steirteghem, A.C., Liu, J., Joris, H., Nagy, Z., Janssen-
swillen, C., Tournaye, H., Derde, M.P., Van Assche, E. and 
Devroey, P. (1993): Higher success rate by intracytoplasmic 
sperm injection than by subzonal insemination. Report of 
a second series of 300 consecutive treatment cycles. Hum. 
Reprod., 8, 1055–1060. [Medline]

 4) Devroey, P. and Van Steirteghem, A. (2004): A review of ten 
years experience of ICSI. Hum. Reprod. Update, 10, 19–28. 
[Medline]  [CrossRef]

 5) Pinborg, A., Loft, A., Schmidt, L. and Andersen, A.N. 
(2003): Morbidity in a Danish national cohort of 472 IVF/
ICSI twins, 1132 non-IVF/ICSI twins and 634 IVF/ICSI 
singletons: health-related and social implications for the 
children and their families. Hum. Reprod., 18, 1234–1243. 
[Medline]  [CrossRef]

 6) Walker, M.C., Murphy, K.E., Pan, S., Yang, Q. and Wen, 
S.W. (2004): Adverse maternal outcomes in multifetal preg-
nancies. BJOG, 111, 1294–1296. [Medline]  [CrossRef]

 7) Saito, H. (2010): ART registry system and present status of 
ART in Japan. Acta Obstet. Gynaec. Jpn., 62, 739–745 (in 
Japanese).

 8) Scott, L., Berntsen, J., Davies, D., Gundersen, J., Hill, J. and 
Ramsing, N. (2008): Symposium: innovative techniques in 
human embryo viability assessment. Human oocyte respi-
ration-rate measurement—potential to improve oocyte and 
embryo selection? Reprod. Biomed. Online, 17, 461–469. 
[Medline]  [CrossRef]

 9) Yamanaka, M., Hashimoto, S., Amo, A., Ito-Sasaki, T., 
Abe, H. and Morimoto, Y. (2011): Developmental assess-
ment	of	human	vitrified-warmed	blastocysts	based	on	oxy-
gen consumption. Hum. Reprod., 26, 3366–3371. [Medline]  
[CrossRef]

 10) Seli, E., Robert, C. and Sirard, M.A. (2010): OMICS in as-
sisted reproduction: possibilities and pitfalls. Mol. Hum. 
Reprod., 16, 513–530. [Medline]  [CrossRef]

 11) Jones, G.M., Cram, D.S., Song, B., Kokkali, G., Pantos, K. 
and Trounson, A.O. (2008): Novel strategy with potential to 
identify developmentally competent IVF blastocysts. Hum. 
Reprod., 23, 1748–1759. [Medline]  [CrossRef]

 12) Rienzi, L., Vajta, G. and Ubaldi, F. (2011): Predictive value 
of oocyte morphology in human IVF: a systematic review of 
the literature. Hum. Reprod. Update, 17, 34–45. [Medline]  
[CrossRef]

 13) Montag, M., Köster, M., van der Ven, K. and van der Ven, 
H. (2011): Gamete competence assessment by polarizing 
optics in assisted reproduction. Hum. Reprod. Update, 17, 
654–666. [Medline]  [CrossRef]

http://www.ncbi.nlm.nih.gov/pubmed/22180598?dopt=Abstract
http://dx.doi.org/10.1093/humrep/der447
http://www.ncbi.nlm.nih.gov/pubmed/1351601?dopt=Abstract
http://dx.doi.org/10.1016/0140-6736(92)92425-F
http://www.ncbi.nlm.nih.gov/pubmed/8408486?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15005461?dopt=Abstract
http://dx.doi.org/10.1093/humupd/dmh004
http://www.ncbi.nlm.nih.gov/pubmed/12773452?dopt=Abstract
http://dx.doi.org/10.1093/humrep/deg257
http://www.ncbi.nlm.nih.gov/pubmed/15521878?dopt=Abstract
http://dx.doi.org/10.1111/j.1471-0528.2004.00345.x
http://www.ncbi.nlm.nih.gov/pubmed/18854099?dopt=Abstract
http://dx.doi.org/10.1016/S1472-6483(10)60232-5
http://www.ncbi.nlm.nih.gov/pubmed/21972254?dopt=Abstract
http://dx.doi.org/10.1093/humrep/der324
http://www.ncbi.nlm.nih.gov/pubmed/20538894?dopt=Abstract
http://dx.doi.org/10.1093/molehr/gaq041
http://www.ncbi.nlm.nih.gov/pubmed/18477572?dopt=Abstract
http://dx.doi.org/10.1093/humrep/den123
http://www.ncbi.nlm.nih.gov/pubmed/20639518?dopt=Abstract
http://dx.doi.org/10.1093/humupd/dmq029
http://www.ncbi.nlm.nih.gov/pubmed/21531752?dopt=Abstract
http://dx.doi.org/10.1093/humupd/dmr016


Matsunaga, et al. 9

 14) Meseguer, M., Herrero, J., Tejera, A., Hilligsøe, K.M., 
Ramsing, N.B. and Remohí, J. (2011): The use of morphoki-
netics as a predictor of embryo implantation. Hum. Reprod., 
26, 2658–2671. [Medline]  [CrossRef]

 15) Kirkegaard, K., Agerholm, I.E. and Ingerslev, H.J. (2012): 
Time-lapse monitoring as a tool for clinical embryo assess-
ment. Hum. Reprod., 27, 1277–1285. [Medline]  [CrossRef]

 16) Dain, L., Auslander, R. and Dirnfeld, M. (2011): The effect 
of paternal age on assisted reproduction outcome. Fertil. 
Steril., 95, 1–8. [Medline]  [CrossRef]

 17) Hardarson, T., Lundin, K. and Hamberger, L. (2000): The 
position of the metaphase II spindle cannot be predicted 
by	the	location	of	the	first	polar	body	in	the	human	oocyte.	
Hum. Reprod., 15, 1372–1376. [Medline]  [CrossRef]

 18) Rienzi, L., Ubaldi, F., Martinez, F., Iacobelli, M., Minasi, 
MG., Ferrero, S., Tesarik, J. and Greco, E. (2003): Relation-
ship between meiotic spindle location with regard to the po-
lar body position and oocyte developmental potential after 
ICSI. Hum. Reprod., 18, 1289–1293. [Medline]  [CrossRef]

 19) Silva, C.P., Kommineni, K., Oldenbourg, R. and Keefe, D.L. 
(1999):	The	first	polar	body	does	not	predict	accurately	the	
location of the metaphase II meiotic spindle in mammalian 
oocytes. Fertil. Steril., 71, 719–721. [Medline]  [CrossRef]

 20) Uchiyama, K., Kikuchi, M., Ieda, S., Yamashita, N., Take-
hara,	 Y.,	 Kaijima,	 H.	 and	 Kato,	 O.	 (2008):	 Efficiency	 of	
oocyte spindle observation with a LC-PolScope. J. Mamm. 
Ova. Res., 25, 105–110.  [CrossRef]

 21) Montag, M., Schimming, T. and van der Ven, H. (2006): 
Spindle imaging in human oocytes: the impact of the meiot-
ic cell cycle. Reprod. Biomed. Online, 12, 442–446. [Med-
line]  [CrossRef]

 22) Otsuki, J., Nagai, Y. and Chiba, K. (2009): Association of 
spindle midzone particles with polo-like kinase 1 during 
meiosis in mouse and human oocytes. Reprod. Biomed. On-
line, 18, 522–528. [Medline]  [CrossRef]

 23) Hyun, C.S., Cha, J.H., Son, W.Y., Yoon, S.H., Kim, K.A. and 
Lim,	J.H.	(2007):	Optimal	ICSI	timing	after	the	first	polar	
body extrusion in in vitro matured human oocytes. Hum. 
Reprod., 22, 1991–1995. [Medline]  [CrossRef]

 24) Montag, M. and van der Ven, H. (2008): Symposium: in-
novative techniques in human embryo viability assessment. 
Oocyte assessment and embryo viability prediction: bire-
fringence imaging. Reprod. Biomed. Online, 17, 454–460. 
[Medline]  [CrossRef]

 25) Wang, W.H., Meng, L., Hackett, R.J., Odenbourg, R. and 
Keefe, D.L. (2001): The spindle observation and its relation-
ship with fertilization after intracytoplasmic sperm injec-
tion in living human oocytes. Fertil. Steril., 75, 348–353. 
[Medline]  [CrossRef]

 26) Wang, W.H., Meng, L., Hackett, R.J. and Keefe, D.L. (2001): 
Developmental ability of human oocytes with or without 
birefringent spindles imaged by Polscope before insemina-
tion. Hum. Reprod., 16, 1464–1468. [Medline]  [CrossRef]

 27) Cohen, Y., Malcov, M., Schwartz, T., Mey-Raz, N., Carmon, 
A., Cohen, T., Lessing, J.B., Amit, A. and Azem, F. (2004): 
Spindle imaging: a new marker for optimal timing of ICSI? 
Hum. Reprod., 19, 649–654. [Medline]  [CrossRef]

 28) Rienzi, L., Ubaldi, F., Iacobelli, M., Minasi, M.G., Romano, 

S. and Greco, E. (2005): Meiotic spindle visualization in liv-
ing human oocytes. Reprod. Biomed. Online, 10, 192–198. 
[Medline]  [CrossRef]

 29) Shen, Y., Stalf, T., Mehnert, C., De Santis, L., Cino, I., Tin-
neberg, H.R. and Eichenlaub-Ritter, U. (2006): Light re-
tardance by human oocyte spindle is positively related to 
pronuclear score after ICSI. Reprod. Biomed. Online, 12, 
737–751. [Medline]  [CrossRef]

 30) Rama Raju, G.A., Prakash, G.J., Krishna, K.M. and Madan, 
K. (2007): Meiotic spindle and zona pellucida characteris-
tics as predictors of embryonic development: a preliminary 
study using PolScope imaging. Reprod. Biomed. Online, 14, 
166–174. [Medline]  [CrossRef]

 31) Madaschi, C., de Souza Bonetti, T.C., de Almeida Ferreira 
Braga, D.P., Pasqualotto, F.F., Iaconelli, A. Jr. and Borges, 
E. Jr. (2008): Spindle imaging: a marker for embryo devel-
opment and implantation. Fertil. Steril., 90, 194–198. [Med-
line]  [CrossRef]

 32) Moon, J.H., Hyun, C.S., Lee, S.W., Son, W.Y., Yoon, S.H. 
and Lim, J.H. (2003): Visualization of the metaphase II 
meiotic spindle in living human oocytes using the Polscope 
enables the prediction of embryonic developmental com-
petence after ICSI. Hum. Reprod., 18, 817–820. [Medline]  
[CrossRef]

 33) Fang, C., Tang, M., Li, T., Peng, WL., Zhou, C.Q., Zhuang, 
G.L. and Leong, M. (2007): Visualization of meiotic spindle 
and subsequent embryonic development in in vitro and in 
vivo matured human oocytes. J. Assist. Reprod. Genet., 24, 
547–551. [Medline]  [CrossRef]

 34) Petersen, C.G., Oliveira, J.B.A., Mauri, A.L., Massaro, 
F.C.,	Baruffi,	R.L.,	Pontes,	A.	 and	Franco,	 J.G.	 Jr.	 (2009):	
Relationship between visualization of meiotic spindle in hu-
man oocytes and ICSI outcomes: a meta-analysis. Reprod. 
Biomed. Online, 18, 235–243. [Medline]  [CrossRef]

 35) Wang, W.H. and Keefe, D.L. (2002): Prediction of chromo-
some misalignment among in vitro matured human oocytes 
by spindle imaging with the PolScope. Fertil. Steril., 78, 
1077–1081. [Medline]  [CrossRef]

 36) Kilani, S., Cooke, S., Kan, A. and Chapman, M. (2009): 
Are there non-invasive markers in human oocytes that can 
predict pregnancy outcome? Reprod. Biomed. Online, 18, 
674–680. [Medline]  [CrossRef]

 37) Kilani, S., Cooke, S., Tilia, L. and Chapman, M. (2011): 
Does meiotic spindle normality predict improved blasto-
cyst development, implantation and live birth rates? Fertil. 
Steril., 96, 389–393. [Medline]  [CrossRef]

 38) Tomari, H., Honjou, K., Nagata, Y. and Horiuchi, T. (2011): 
Relationship between meiotic spindle characteristics in hu-
man	 oocytes	 and	 the	 timing	 of	 the	 first	 zygotic	 cleavage	
after intracytoplasmic sperm injection. J. Assist. Reprod. 
Genet., 28, 1099–1104. [Medline]  [CrossRef]

 39) Battaglia, D.E., Goodwin, P., Klein, N.A. and Soules, M.R. 
(1996):	Influence	of	maternal	age	on	meiotic	spindle	assem-
bly in oocytes from naturally cycling women. Hum. Re-
prod., 11, 2217–2222. [Medline]  [CrossRef]

 40) Wang, W.H., Meng, L., Hackett, R.J., Odenbourg, R. and 
Keefe, D.L. (2001): Limited recovery of meiotic spindles in 
living human oocytes after cooling-rewarming observed 

http://www.ncbi.nlm.nih.gov/pubmed/21828117?dopt=Abstract
http://dx.doi.org/10.1093/humrep/der256
http://www.ncbi.nlm.nih.gov/pubmed/22419744?dopt=Abstract
http://dx.doi.org/10.1093/humrep/des079
http://www.ncbi.nlm.nih.gov/pubmed/20932518?dopt=Abstract
http://dx.doi.org/10.1016/j.fertnstert.2010.08.029
http://www.ncbi.nlm.nih.gov/pubmed/10831572?dopt=Abstract
http://dx.doi.org/10.1093/humrep/15.6.1372
http://www.ncbi.nlm.nih.gov/pubmed/12773461?dopt=Abstract
http://dx.doi.org/10.1093/humrep/deg274
http://www.ncbi.nlm.nih.gov/pubmed/10202885?dopt=Abstract
http://dx.doi.org/10.1016/S0015-0282(98)00530-5
http://dx.doi.org/10.1274/jmor.25.105
http://www.ncbi.nlm.nih.gov/pubmed/16740216?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16740216?dopt=Abstract
http://dx.doi.org/10.1016/S1472-6483(10)61996-7
http://www.ncbi.nlm.nih.gov/pubmed/19400994?dopt=Abstract
http://dx.doi.org/10.1016/S1472-6483(10)60129-0
http://www.ncbi.nlm.nih.gov/pubmed/17513319?dopt=Abstract
http://dx.doi.org/10.1093/humrep/dem124
http://www.ncbi.nlm.nih.gov/pubmed/18854098?dopt=Abstract
http://dx.doi.org/10.1016/S1472-6483(10)60231-3
http://www.ncbi.nlm.nih.gov/pubmed/11172838?dopt=Abstract
http://dx.doi.org/10.1016/S0015-0282(00)01692-7
http://www.ncbi.nlm.nih.gov/pubmed/11425830?dopt=Abstract
http://dx.doi.org/10.1093/humrep/16.7.1464
http://www.ncbi.nlm.nih.gov/pubmed/14998965?dopt=Abstract
http://dx.doi.org/10.1093/humrep/deh113
http://www.ncbi.nlm.nih.gov/pubmed/15823222?dopt=Abstract
http://dx.doi.org/10.1016/S1472-6483(10)60940-6
http://www.ncbi.nlm.nih.gov/pubmed/16792851?dopt=Abstract
http://dx.doi.org/10.1016/S1472-6483(10)61086-3
http://www.ncbi.nlm.nih.gov/pubmed/17298718?dopt=Abstract
http://dx.doi.org/10.1016/S1472-6483(10)60784-5
http://www.ncbi.nlm.nih.gov/pubmed/17727849?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17727849?dopt=Abstract
http://dx.doi.org/10.1016/j.fertnstert.2007.05.071
http://www.ncbi.nlm.nih.gov/pubmed/12660277?dopt=Abstract
http://dx.doi.org/10.1093/humrep/deg165
http://www.ncbi.nlm.nih.gov/pubmed/17899355?dopt=Abstract
http://dx.doi.org/10.1007/s10815-007-9171-4
http://www.ncbi.nlm.nih.gov/pubmed/19192344?dopt=Abstract
http://dx.doi.org/10.1016/S1472-6483(10)60261-1
http://www.ncbi.nlm.nih.gov/pubmed/12413997?dopt=Abstract
http://dx.doi.org/10.1016/S0015-0282(02)04196-1
http://www.ncbi.nlm.nih.gov/pubmed/19549447?dopt=Abstract
http://dx.doi.org/10.1016/S1472-6483(10)60013-2
http://www.ncbi.nlm.nih.gov/pubmed/21645892?dopt=Abstract
http://dx.doi.org/10.1016/j.fertnstert.2011.05.023
http://www.ncbi.nlm.nih.gov/pubmed/21882015?dopt=Abstract
http://dx.doi.org/10.1007/s10815-011-9634-5
http://www.ncbi.nlm.nih.gov/pubmed/8943533?dopt=Abstract
http://dx.doi.org/10.1093/oxfordjournals.humrep.a019080


J. Mamm. Ova Res. Vol. 32 (1), 201510

using polarized light microscopy. Hum. Reprod., 16, 2374–
2378. [Medline]

 41) Saeki, Y., Morita, H., Tanaka, M., Kani, C., Kuwahata, A., 
Ochi, M. and Horiuchi, T. (2014): Effect of proteasome in-
hibitor	MG132	on	mouse	meiotic	spindle	configuration	dur-
ing oocyte aging and in vitro development of the zygotes af-
ter ICSI. J. Mamm. Ova Res., 31, S94 (Abstract in Japanese).

 42) Ono, T., Mizutani, E., Li, C., Yamagata, K. and Wakayama, 
T. (2011): Offspring from intracytoplasmic sperm injection 
of aged mouse oocytes treated with caffeine or MG132. 
Genesis, 49, 460–471. [Medline]  [CrossRef]

 43) Miao, Y.L., Kikuchi, K., Sun, Q.Y. and Schatten, H. (2009): 

Oocyte aging: cellular and molecular changes, developmen-
tal potential and reversal possibility. Hum. Reprod. Update, 
15, 573–585. [Medline]  [CrossRef]

 44) Kikuchi, K., Naito, K., Noguchi, J., Kaneko, H. and Tojo, H. 
(2002): Maturation/M-phase promoting factor regulates ag-
ing of porcine oocytes matured in vitro. Cloning Stem Cells, 
4, 211–222. [Medline]  [CrossRef]

 45) Lord, T., Nixon, B., Jones, K.T. and Aitken, R.J. (2013): Mel-
atonin prevents postovulatory oocyte aging in the mouse 
and extends the window for optimal fertilization in vitro. 
Biol. Reprod., 88, 67. [Medline]  [CrossRef]

http://www.ncbi.nlm.nih.gov/pubmed/11679523?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21504043?dopt=Abstract
http://dx.doi.org/10.1002/dvg.20756
http://www.ncbi.nlm.nih.gov/pubmed/19429634?dopt=Abstract
http://dx.doi.org/10.1093/humupd/dmp014
http://www.ncbi.nlm.nih.gov/pubmed/12398802?dopt=Abstract
http://dx.doi.org/10.1089/15362300260339494
http://www.ncbi.nlm.nih.gov/pubmed/23365415?dopt=Abstract
http://dx.doi.org/10.1095/biolreprod.112.106450

