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Objective
To compare the laboratory outcomes of intracytoplasmic sperm injection (ICSI) and conventional insemination using
sibling oocytes in poor prognosis IVF cycles where ICSI is not indicated.

Methods

Couples undergoing IVF with following conditions were enrolled: history of more than 3 years of unexplained
infertility, history of >3 failed intrauterine insemination, leukocytospermia or wide variation in semen analysis,
poor oocyte quality, or >50% of embryos had poor quality in previous IVF cycle(s). Couples with severe male factor
requiring ICSI were excluded. Oocytes were randomly assigned to the conventional insemination (conventional
group) or ICSI (ICSI group). Fertilization rate (FR), total fertilization failure, and embryonic development at day 3 and
day 5 were assessed.

Results

A total of 309 mature oocytes from 37 IVF cycles (32 couples) were obtained: 161 were assigned to conventional
group and 148 to ICSI group. FR was significantly higher in the ICSI group compared to the conventional group
(90.5% vs. 72.7%, P<0.001). Total fertilization failure occurred in only one cycle in conventional group. On day 3, the
percentage of cleavage stage embryos was higher in ICSI group however the difference was marginally significant
(P=0.055). In 11 cycles in which day 5 culture was attempted, the percentage of blastocyst (per cleaved embryo) was
significantly higher in the ICSI group than the conventional group (55.9% vs. 25.9%, P=0.029).

Conclusion
Higher FR and more blastocyst could be achieved by ICSI in specific circumstances. Fertilization method can be
tailored accordingly to improve IVF outcomes.
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ference of pregnancy outcome in patients with non-male
factor infertility [6]. Another non-randomized study found no
significant difference in FR, TFF, and clinical pregnancy rate
in patients with non-male factor infertility [7], and a recent
randomized study also support those findings [8]. In cases of
poor oocyte quality, several studies support the efficacy of
ICSI'[9,10]. In addition, ICSI has been investigated as a possible
fertilization method in patients with lower oocyte yield [10-12];
however, no study supported the routine use of ICSI in patients
with low oocyte yield.

Split insemination referred to dividing sibling oocytes into
conventional insemination and ICSI for fertilization. Split in-
semination has been frequently used for selected patients
with unexplained infertility; in a meta-analysis summarizing
eleven retrospective sibling oocyte studies, the authors con-
cluded that use of ICSI significantly increases FR and decreases
TFF in couples with unexplained infertility [13]. However, in
that meta-analysis, pregnancy outcome was not evaluated
and only a few studies included reported embryonic develop-
ment status including blastocyst formation and the pregnancy
outcomes.

In this study, we aim to compare the laboratory outcomes
of ICSI and conventional insemination using sibling oocytes
(split insemination) in poor prognosis IVF cycles where ICSI is
not indicated. We also report the pregnancy outcomes of split
insemination in this population.

Materials and methods

IVF cycles with split insemination underwent between March
2009 and December 2013 was selected retrospectively. Split
insemination was performed in couples who had at least one
of the following conditions: (1) a history of more than 3 years
of unexplained infertility, (2) a history of >3 failed intrauterine
insemination, (3) leukocytospermia or wide variation in semen
analysis, (4) poor oocyte quality (abnormal cytoplasm with
dark colored, or granular or possessing refractile bodies) at
the time of oocyte pick-up, or (5) >50% of embryos had poor
quality (C or D grade) in previous IVF cycle(s). IVF cycles of
couples with a severe male factor infertility requiring ICSI (total
motile sperm count less than one million, or strict morphology
less than 4%, or severe teratozoospermia [>50%] after swim-
up) were excluded. Only cycles using fresh ejaculated sperms
for fertilization or insemination were included. This retrospec-
tive study was approved by the Institutional Review Board of
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the Seoul National University Bundang Hospital.

Ovarian stimulation was performed using recombinant
follicle-stimulating hormone (Gonal-F, Serono, Geneva, Swit-
zerland) in combination with GnRH agonist or antagonist.
When at least 2 follicles reached a diameter >18 mm, 250 pg
of recombinant human chorionic gonadotropin (Ovidrel, Sero-
no) was injected. Transvaginal oocyte retrieval was scheduled
for 35 hours after human chorionic gonadotropin triggering.
Mature oocytes were randomly assigned to conventional in-
semination (conventional group) or ICSI (ICSI group). If cocytes
were odd-numbered, one remained oocyte was assigned pref-
erentially to conventional group.

For conventional insemination, mature oocytes were placed
in the insemination medium with 50,000 or more motile
sperm/mL for 1 to 4 hours after swim-up preparation. For ICS|,
cumulus oocyte complexes were denuded with 80 IU/mL hy-
aluronidase to remove surrounding granulosa cells and were
assessed nuclear maturation. Fertilization was assessed 16 to
18 hours after insemination or microinjection. Fertilization was
defined as the presence of two pronuclei and the extrusion of
the second polar body. FR per mature oocyte and TFF in each
sibling oocytes were assessed. The TFF was defined when no
oocyte formed two pronuclei in any given cycle. Blastocyst
formation rate was calculated by the number of blastocysts
divided by the number of cleaved embryos.

The embryos were cultured and transferred on day 3 or day
5. Cleavage stage embryos were classified on day 3 accord-
ing to the alleged morphological criteria: grade A, equal-sized
blastomeres and no fragments without apparent morphologic
abnormalities; grade B, blastomere equal in size and <20%
of fragments without apparent morphologic abnormalities;
grade C, 20% to 50% fragments and irregularity of blasto-
meres without apparent morphologic abnormalities; grade D,
>50% fragments and irregularity of blastomeres with appar-
ent morphologic abnormalities. The blastocyst was evaluated
on day 5 by the blastocyst development stage and the quality
of the inner cell mass and trophectoderm [14]. A good quality
blastocyst was defined as grade AA, AB, AC, BA, BB, or CA.
Embryos with the best quality were transferred in each cycle.

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 confirmed with transvaginal
ultrasonography and identified the number of gestational
sac(s) and the fetal heart rate(s).

All data were expressed as meanzstandard deviation. IBM
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SPSS ver. 21.0 (IBM Corp., Armonk, NY, USA) was used for
statistical analysis. The data were analyzed using the Wilcoxon
test or the chi-square test as indicated. A P-value at <0.05 was
considered statistically significant.

Results

Thirty-two patients met the inclusion criteria and underwent
37 split insemination cycles. The mean age of the women was
34.7+3.2 years (range, 27 to 42 years). The indications for IVF
were; unexplained (n=21), tubo-peritoneal (n=7), polycystic ovary
syndrome (n=3), endometriosis (n=3), and others (n=3). The
indications for split insemination cycles were; a history of more
than 3 years of unexplained infertility or of >3 failed intrauterine
insemination (n=16); leukocytospermia or wide variation in se-
men analysis (n=2); poor oocyte quality (n=13); and poor embryo
quality in previous cycle(s) (n=6).

The mean sperm concentration was 159+166 million/
mL (range, 18 to 572 million/mL) and the mean motility was
49.3£17.0% (range, 10.5% to 80.9%). Sperm motility less than
40% was noted in eleven cycles. Mean number of mature oo-
cyte was 8.4+5.5 per cydle; 4.4+3.6 in conventional group and
4.0+2.2 in ICSI group. A total of 309 mature oocytes were ob-
tained and they were randomly subjected to conventional group
(161 oocytes) or ICSI group (148 oocytes). The overall FR was
81.2% (251/309).

Table 1 shows the laboratory outcomes in the conventional and
ICSI group. FR was significantly higher in the ICSI group (90.5%
in ICSI group vs. 72.7% in conventional group, P<0.001). TFF oc-

curred in only one case after conventional insemination. At day 3,
the percentage of cleavage stage embryos was non-significantly
higher in ICSI group (97.0% in ICSI group vs. 91.5% in conven-
tional group, P=0.055). The quality of cleavage stage embryo
was similar between the two groups. Blastocyst formation rate
was significantly higher in the ICSI group (36.8% in conventional
group and 53.5% in ICSI group, P=0.027) although the percent-
age of good quality blastocyst was similar.

In one cycle, embryo transfer (ET) was unable owing to thin
endometrium. In the 36 ET cycles, the dlinical pregnancy rate was
44.0% (11/25) in day 3 transfer and 54.5% (6/11) in day 5 trans-
fer. The implantation rate was 26.9% (18/67) in day 3 and 38.9%
(7/18) in day 5 transfer. There were 3 biochemical pregnancies
and 4 missed abortions before 10 weeks. When we compared the
pregnant group to non-pregnant group, basal patients' character-
istics including ovarian reserve, cause of infertility, semen quality
and endometrial thickness were similar (data not shown). Among
embryos transferred (either on day 3 or day 5), the composition of
conventional and ICSI group was not different between the preg-
nant group and the non-pregnant group (Table 2).

Discussion

We observed that the use of ICSI resulted in significantly higher
FR and blastocyst formation rate than conventional insemi-
nation in IVF cycles with a poor prognosis where ICSI is not
indicated. Among the embryos transferred, the proportion of
embryos fertilized with conventional IVF and ICSI was not dif-
ferent between the pregnant and the non-pregnant cycles.

Table 1. Fertilization and embryonic development in oocytes according to insemination method in 37 cycles

Conventional insemination ICSI P-value
No. of inseminated oocyte 161 148 -
No. of fertilized oocyte 117 (72.7) 134 (90.5) <0.001
Occurrence of total failed fertilization 1(2.7) 0(0) NS
No. of cleaved embryo(s) at day 3 107 (91.5) 130 (97.0) 0.055
Grade A embryo at day 3 29(27.1) 32 (24.6) NS
Grade A+B embryo at day 3 71 (66.4) 89 (68.5) NS
No. of embryo(s) with extended culture up to day 5% 57 65 -
Blastocyst formation at day 5% 21 (36.8) 38 (58.5) 0.029
Good quality blastocyst at day 57 9(42.9) 22 (57.9) NS

Data were analyzed using the chi-square test; Values are presented as number or number (%).

ICSI, intracytoplasmic sperm injection; NS, not significant.
¥11 Cycles (11 patients).
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Table 2. Number of embryos transferred of conventional and ICSI group between the pregnant group and the non-pregnant group

Pregnant Non-pregnant

(17 cycles) (19 cycles) el

Day 3 transfer (25 cycles) (11 cycles) (14 cycles)

No. of transferred embryos 3.0£0.9 2.410.6 NS

No. of embryos from conventional insemination 1.3+0.6 1.0+0.6 NS

No. of embryos from ICSI 1.7£1.1 1.4£0.5 NS
Day 5 transfer (11 cycles) (6 cycles) (5 cycles)

No. of transferred embryos 1.5£0.5 1.8£0.4 NS

No. of blastocysts from conventional insemination 0 0.8+£0.8 NS

No. of blastocysts from ICSI 1.5+£0.5 1.0£0.7 NS

Data were analyzed using the Wilcoxon test.
ICSI, intracytoplasmic sperm injection; NS, not significant.

Current indications of ICSI are solely based on the semen
analysis. However, the reliability of semen analysis as a mea-
surement of semen quality has been inconclusive because a
significant number of patients with normal sperm parameters
still undergo difficulty in achieving successful pregnancy [15].
Also, it is hard to interpret the results of the semen analysis
when there is a wide variation among the multiple results. As
described before, we excluded couples with severe male factor
at enrollment, however, in 11 cycles, sperm motility was less
than 40%. This might be due to the variation of their semen
analysis results. Therefore, there may be additional indications
of ICSI directly related to FR which current semen analysis
could not find.

It was suggested that reactive oxygen species produced by
seminal leukocytes (leukocytospermia) disrupt sperm quality
and induce peroxidative damage of sperm membrane which
would have a detrimental effect on fertilization [16]. Also, it
has been reported that the thickness or color of zona pellucida
and oocyte shape and quality (cytoplasmic granularity, col-
oration, region of organelle clustering) affect the fertilization
and subsequent embryo quality and implantation rate [17,18].
However, so far, there are no routine work-ups to evaluate
above abnormalities during IVF treatment. Therefore it may be
possible to assume that these unrevealed abnormalities affect-
ing fertilization may be represented as an unexplained infertility
or poor prognosis such as repetitive failure of IVF and poor FR.

Some centers have used ICSI routinely for all IVF cycles to
reduce TFF and transfer cancellation [1,19]. However, a definite
benefit of using ICSI in non-male factor infertility is not yet
rendered. Given that ICSl is a time-consuming and labor inten-
sive technique and costs more than conventional IVF, further
investigations are needed to support the routine use of ICSI in
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patients without male factor.

In the present study evaluating non-male factor infertility
couples with poor prognosis, the FR and blastocyst formation
rate was significantly higher in ICSI group which is consistent
with the previous meta-analysis showing a better FR in ICSI
group compared to conventional group in couples with un-
explained infertility [13]. Also, the percentage of cleaved em-
bryos at day 3 was higher in ICSI group. Therefore, our results
support the application of ICSI in non-male infertility couples
with poor prognosis. However, considering the small number
of cycles included in this study, one should be careful to draw
a definite conclusion about the use of ICSI in non-male factor
infertility based on our results.

Interestingly, in the cycle where TFF occurred in conventional
group, the FR in ICSI group was 100%. Although it was only
one cycle with low oocytes yield (only 1 and 2 oocytes were as-
signed to conventional group and ICSI group, respectively), this
result may also support the beneficial effect of ICSI in terms of
improved fertilization in specific patient population.

Also, our finding is encouraging because the higher blasto-
cyst formation rate may suggest a direct association between
ICSI and embryo development which would lead to a better
pregnancy outcome. Although we could not investigate the
pregnancy rates by the group (embryos for ET were selected
regardless of the group), the overall pregnancy rate was similar
to the general pregnancy rate of IVF cycles in our center.

Our study has several clinical significances. First, by using sib-
ling oocytes, we controlled the effect of oocyte and could in-
vestigate the effect of ICSI method per se. Second, while most
previous studies evaluated only unexplained infertility couples,
we included various clinical circumstances of poor prognosis
of IVF which can expand the application of ICSI in clinical prac-
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tices. Finally, this is the first to evaluate the blastocyst develop-
ment rate as one of the primary outcomes which can be spec-
ulated that ICSI may have a role of propagation of embryonic
development in this non-male poor prognosis population

There are limitations in our study. Because of the small num-
ber of cycles included, various indications of ICSI and causes of
infertility could not be controlled. Because the embryos trans-
ferred were selected regardless of the group, the pregnancy
rate by each group could not be evaluated. Finally, the retro-
spective design of the study may cause underlying bias.

In conclusion, our results suggest that non-male infertil-
ity couples with poor prognosis may benefit from ICSI. ICSI
procedure may enhance fertilization and stimulate embryonic
development up to blastocyst stage. A prospective randomized
study comparing the pregnancy rate between patients using
ICSI and conventional IVF is needed to confirm the efficacy of
ICSI'in this population.

Conflict of interest

No potential conflict of interest relevant to this article was
reported.

Acknowledgments

This work was supported by grant no. A120043 from the
Korea Health Care Technology R&D Project, Ministry of Health
and Welfare, Korea.

References

1. Ferraretti AP, Goossens V, de Mouzon J, Bhattacharya S,
Castilla JA, Korsak V, et al. Assisted reproductive technol-
ogy in Europe, 2008: results generated from European
registers by ESHRE. Hum Reprod 2012;27:2571-84.

2. Practice Committees of the American Society for Repro-
ductive Medicine and Society for Assisted Reproductive
Technology. Intracytoplasmic sperm injection (ICSI) for
non-male factor infertility: a committee opinion. Fertil
Steril 2012;98:1395-9.

3. Ruiz A, Remohi J, Minguez Y, Guanes PP, Simon C, Pellicer A.
The role of in vitro fertilization and intracytoplasmic sperm

www.ogscience.org

10.

1.

12.

13.

injection in couples with unexplained infertility after failed
intrauterine insemination. Fertil Steril 1997;68:171-3.
Khamsi F, Yavas Y, Roberge S, Wong JC, Lacanna IC, End-
man M. Intracytoplasmic sperm injection increased fer-
tilization and good-quality embryo formation in patients
with non-male factor indications for in vitro fertilization: a
prospective randomized study. Fertil Steril 2001;75:342-7.
Shveiky D, Simon A, Gino H, Safran A, Lewin A, Reubinoff
B, et al. Sibling oocyte submission to IVF and ICSI in un-
explained infertility patients: a potential assay for gamete
quality. Reprod Biomed Online 2006;12:371-4.
Bhattacharya S, Hamilton MP, Shaaban M, Khalaf Y, Sed-
dler M, Ghobara T, et al. Conventional in-vitro fertilisation
versus intracytoplasmic sperm injection for the treatment
of non-male-factor infertility: a randomised controlled
trial. Lancet 2001;357:2075-9.

Poehl M, Holagschwandtner M, Bichler K, Krischker U, Ju-
rgen S, Feichtinger W. IVF-patients with nonmale factor “to
ICSI” or "not to ICSI” that is the question? J Assist Reprod
Genet 2001,18:205-8.

Foong SC, Fleetham JA, O'Keane JA, Scott SG, Tough SC,
Greene CA. A prospective randomized trial of conven-
tional in vitro fertilization versus intracytoplasmic sperm
injection in unexplained infertility. J Assist Reprod Genet
2006;23:137-40.

Saito H, Saito T, Kaneko T, Sasagawa |, Kuramoto T, Hiroi
M. Relatively poor oocyte quality is an indication for intra-
cytoplasmic sperm injection. Fertil Steril 2000;73:465-9.
Kim JY, Kim JH, Jee BC, Lee JR, Suh CS, Kim SH. Can in-
tracytoplasmic sperm injection prevent total fertilization
failure and enhance embryo quality in patients with non-
male factor infertility? Eur J Obstet Gynecol Reprod Biol
2014,178:188-91.

Luna M, Bigelow C, Duke M, Ruman J, Sandler B, Grun-
feld L, et al. Should ICSI be recommended routinely in
patients with four or fewer oocytes retrieved? J Assist Re-
prod Genet 2011;28:911-5.

Maman E, Geva LL, Yerushalmi G, Baum M, Dor J, Hour-
vitz A. ICSI increases ongoing pregnancy rates in patients
with poor response cycle: multivariate analysis of 2819
cycles. Reprod Biomed Online 2012;25:635-41.

Johnson LN, Sasson IE, Sammel MD, Dokras A. Does intra-
cytoplasmic sperm injection improve the fertilization rate
and decrease the total fertilization failure rate in couples
with well-defined unexplained infertility? A systematic re-

221



Obstetrics & Gynecology Science
Vol. 58, No. 3, 2015

14.

15.

16.

222

view and meta-analysis. Fertil Steril 2013;100:704-11.
Gardner DK, Schoolcraft WB. Culture and transfer of human
blastocysts. Curr Opin Obstet Gynecol 1999;11:307-11.
Garrido N, Meseguer M, Alvarez J, Simon C, Pellicer A,
Remohi J. Relationship among standard semen parame-
ters, glutathione peroxidase/glutathione reductase activity,
and mRNA expression and reduced glutathione content
in ejaculated spermatozoa from fertile and infertile men.
Fertil Steril 2004;82 Suppl 3:1059-66.

Hamada A, Esteves SC, Nizza M, Agarwal A. Unexplained
male infertility: diagnosis and management. Int Braz J Urol

17.

18.

19.

2012;38:576-94.

Ebner T, Shebl O, Moser M, Sommergruber M, Tews
G. Developmental fate of ovoid oocytes. Hum Reprod
2008;23:62-6.

Shi W, Xu B, Wu LM, Jin RT, Luan HB, Luo LH, et al. Oo-
cytes with a dark zona pellucida demonstrate lower fer-
tilization, implantation and clinical pregnancy rates in IVF/
ICSI cycles. PLoS One 2014;9:e89409.

Abu-Hassan D, Al-Hasani S. The use of ICSI for all cases of
in-vitro conception. Hum Reprod 2003;18:893-4.

www.ogscience.org



