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Electrical activation and in vitro
development of human oocytes that fail to
fertilize after intracytoplasmic sperm
injection

John Zhang, M.D., Ph.D.,* Chia-Woei Wang, M.D.,* Anna Blaszcyzk, B.A.,*
James A. Grifo, M.D., Ph.D.,* Jean Ozil, Ph.D.,† Elisa Haberman, B.A.,*
Alexis Adler, M.Sc.,* and Lewis C. Krey, Ph.D.*

New York University School of Medicine, New York, New York and Laboratoire de Biologie de la
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Objective: To determine whether electrically stimulated Ca2� influx can “rescue” fertilization and early
embryogenesis in human oocytes that fail to fertilize after intracytoplasmic sperm injection (ICSI).
Design: Prospective, randomized trial of a laboratory procedure.
Setting: A research laboratory at a university medical center.
Patient(s): Discarded oocytes from ICSI-IVF cycles.
Intervention(s): Oocytes (n � 104) that showed no evidence of fertilization 16–24 hours after ICSI were
assigned to three treatment groups: group 1 (one direct current electrical pulse at 1.36–1.50 kV/cm for 40–60
�s), group 2 (three pulses every 15–20 minutes), or group 3 (treated the same as group 2 but with no electrical
stimulation).
Main Outcome Measure(s): After stimulation, the oocytes were cultured in vitro for 3–5 days. Oocytes that
displayed two pronuclei and a second polar body within 16 hours were considered to have fertilized normally.
Fertilization and embryo cleavage rates were compared between groups.
Result(s): Fertilization occurred in 26 (70%) of 37 and 38 (78%) of 49 group 1 and 2 oocytes, respectively,
but in only 5 (27%) of 18 group 3 oocytes. Within 3 days, group 2 embryos routinely developed beyond the
two-cell to four-cell stage (61% versus 13% in group 1); 11% of these oocytes developed to the morula or
early blastocyst stage. Sex chromosome analyses indicated 10 male and 8 female embryos.
Conclusion(s): Oocytes that fail to fertilize by 24 hours after ICSI can resume apparently normal fertilization
and early embryonic development in response to electrical stimulation. Moreover, the degree of cytoplasmic
activation as determined by the number of pulses applied affects fertilization efficiency and early embryonic
development. (Fertil Steril� 1999;72:509–12. ©1999 by American Society for Reproductive Medicine.)
Key Words: ICSI, electrical activation, fertilization

At the time of fertilization in mammals, the
incoming sperm triggers oocyte activation by
initiating a series of intracellular free Ca2�

transients (1). Two types of mechanisms,
namely inositol 1,4,5-trisphosphate–induced
calcium release and calcium-induced calcium
release, have been suggested to be responsible
for this release of intracellular Ca2�. Recent
studies indicate that soluble protein factor(s),
such as oscillin, are released from the sperm
head and induce inositol 1,4,5-trisphosphate–
induced calcium release and calcium-induced
calcium release to produce a transient increase

in intracellular levels of free Ca2� (2). This
increase in free Ca2� activates the oocyte by
reducing metaphase-promoting factor and causes
sperm swelling and male pronucleus formation.

Intracytoplasmic sperm injection (ICSI) has
been used widely in the treatment of severe
male factor infertility. However, many centers
have reported fertilization rates of approxi-
mately 70%, even though most of the sperm
injected are deposited into the cytoplasm. In
these clinics, fertilization is defined by the ap-
pearance of two pronuclei within 24 hours of
sperm injection. Further, when spermatids are
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Objective: To assess the effectiveness of intracytoplasmic sperm injection (ICSI) combined with piezoelectric
stimulation in infertile couples with a history of total fertilization failure (TFF).
Design: Prospective controlled trial.
Setting: Clinical IVF laboratory.
Patient(s): Seventy-one couples undergoing ICSI on sibling oocytes having at least one previous ICSI attempt
with TFF.
Intervention(s): ICSI or ICSI with piezoelectric activation.
Main Outcome Measure(s): Fertilization rate.
Result(s): The patients were allocated to two groups: group I included 21 patients with only one previous TFF and
group II included 50 patients with more than one previous TFF. Collectively, a total of 823 metaphase II (MII)
oocytes were retrieved in 78 oocyte retrievals. In Group I, combined ICSI with piezoelectric stimulation was
applied to 123/211 (58.2%) of MII oocytes (group IA), whereas standard ICSI procedure was applied to 88/211
(41.8%) of MII oocytes (group IB). The fertilization rate was 62% and 12% in group IA and group IB respectively.
In group II, piezoelectric activation was applied in all 612 MII oocytes, of which 296 (48.3%) were fertilized. The
rates for implantation and pregnancy/embryo transfer were obtained as 30.6% and 44.1%, respectively.
Conclusion(s): Piezoelectric activation seems to improve IVF outcome in patients with previous TFF history.
(Fertil Steril� 2010;94:900–4. �2010 by American Society for Reproductive Medicine.)

Key Words: ICSI, electrical activation, fertilization rate, embryo grade, pregnancy

Micromanipulation techniques have been used in patients
with a history of low fertilization rates or fertilization failure
after classical IVF. Intracytoplasmic sperm injection (ICSI)
has recently become the standard treatment of infertility re-
sulting from either severe sperm defects or fertilization fail-
ure in previous IVF cycles (1). Fertilization rates using
ICSI have been reported to be in the range of 50–70%
(2, 3). The cause of fertilization failure after ICSI is different
from that of conventional IVF. In conventional IVF, 60–90%
of the oocytes that are failed to fertilize do not contain sperm
nuclei; that suggests penetration failure or sperm ejection as
the main cause of fertilization failure (3). In contrast, the
main cause of fertilization failure after ICSI appears to be

the failure of oocyte activation. Sixty to 70% of unfertilized,
metaphase II (MII) oocytes after ICSI contain a swollen
sperm head, indicating that the oocyte was correctly injected
but failed to become activated to complete the secondmeiotic
division (2–5).

Intracytoplasmic sperm injection has been used widely in
the treatment of severe male factor infertility. Many centers
have reported fertilization rates of approximately 70%, al-
though most of the sperm injected are deposited into the cy-
toplasm. Furthermore, when spermatids are used fertilization
rates are even lower (6). Many investigators have postulated
that the major reason for failed fertilization after ICSI might
be suboptimal stimulation of inositol 1,4,5-triphosphate–
induced calcium release and/or calcium-induced calcium
release as a result of insufficient release of the soluble
proteins from the injected sperm heads (7).

Yanagida et al. (8) was the first to use piezo electric stim-
ulation for human oocyte activation that resulted in a live
twin birth. Animal studies have shown that an electrical field
can generate micropores in the cell membrane of gametes and

Received February 20, 2009; revisedMarch 24, 2009; acceptedMarch 27,

2009; published online May 21, 2009.

V.B. has nothing to disclose. O.U.A. has nothing to disclose. E.U. has

nothing to disclose. Y.A. has nothing to disclose. A.B. has nothing to

disclose. F.T. has nothing to disclose. S.O. has nothing to disclose.

M.S. has nothing to disclose.

Reprint requests: Evrim €Unsal, Gen Art Woman Health and IVF Center,

Cinnah cad. 47/A, Cankaya, Ankara, Turkey (E-mail: evrim_unsal@

yahoo.com).

Fertility and Sterility� Vol. 94, No. 3, August 2010 0015-0282/$36.00
Copyright ª2010 American Society for Reproductive Medicine, Published by Elsevier Inc. doi:10.1016/j.fertnstert.2009.03.107

900

Ninety babies born after round
spermatid injection into oocytes:
survey of their development from
fertilization to 2 years of age
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Objective: To compare physical and cognitive development of babies born after round spermatid injection (ROSI) with those born after
natural conception.
Design: Comparison of efficiencies of ROSI and ICSI using testicular spermatozoa, performed in the St. Mother Clinic. Physical and
cognitive development of ROSI babies recorded by parents in the government-issued Mother-Child Handbook was checked and
verified by attending pediatricians. Data included baby's weight gain and response to parents' voice/gesture.
Setting: Assisted reproduction technology practice.
Patient(s): A total of 721 men participated in ROSI; 90 ROSI babies were followed for 2 years for their physical and cognitive devel-
opment. Control subjects were 1,818 naturally born babies.
Intervention(s): Surgical retrieval of spermatogenic cells from testes; selection and injection of round spermatids into oocytes; oocyte
activation, in vitro culture of fertilized eggs, and embryo transfer to mothers.
Main Outcome Measure(s): Physical and cognitive development of ROSI babies (e.g., body weight increase, response to parents, and
understanding and speaking simple language) compared with naturally born babies.
Result(s): Of 90 ROSI babies, three had congenital aberrations at birth, which corrected spontaneously (ventricular septa) or after sur-
gery (cleft lip and omphalocele). Physical and cognitive development of ROSI babies was similar to those of naturally born babies.
Conclusion(s): There were no significant differences between ROSI and naturally conceived babies in either physical or cognitive
development during the first 2 years after birth.
Clinical Trial Registration Number: UMIN Clinical Trials Registry UMIN000006117. (Fertil Steril� 2018;110:443–51. Copyright �
2018 The Authors. Published by Elsevier Inc. on behalf of the American Society for Reproductive Medicine. This is an open access article
under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).)
El resumen está disponible en Español al final del artículo.

Key Words: Assisted fertilization, human egg, physical and cognitive development, round spermatid injection

Discuss: You can discuss this article with its authors and other readers at https://www.fertstertdialog.com/users/16110-fertility-
and-sterility/posts/32485-25452
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Successful fertilization and pregnancy following ICSI
and electrical oocyte activation
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In a total of 1048 intracytoplasmic sperm injection (ICSI)
cycles, motile spermatozoa from four out of 424 patients
(0.9%) failed to fertilize oocytes, despite an apparently
successful ICSI procedure. No activation was observed in
these injected oocytes. The spermatozoa from three of the
four patients were injected into unfertilized mouse oocytes
by ICSI (mouse test) to evaluate their oocyte activating
ability. The oocyte activation rate of the spermatozoa of
patients A, B, and C in the mouse test was 46, 100, and
86% respectively (control: 100%). Simultaneous injection
of two spermatozoa from patient A into the mouse oocytes
increased the oocyte activating rate to 89% (sham control:
29%). 100% fertilization rates were obtained for patients
A and B by combining ICSI and electrical stimulation, and
this resulted in pregnancy and the birth of healthy twins
for the partner of patient A. Thus, it is considered that the
spermatozoa of these patients are not lacking sperm factors
but that the activity of these factors is depressed. The
combination of ICSI and electrical stimulation is effective
in these cases.
Key words: electrical stimulation/infertility/intracytoplasmic
sperm injection/oocyte activation/spermatozoa

Introduction
Intracytoplasmic sperm injection (ICSI) has become the method
of choice to overcome severe male infertility (Palermo et al.,
1992; Van Steirteghem et al., 1993). However, there are still
many couples who have not received the benefits of ICSI. It
has been reported that round-headed human spermatozoa used
in ICSI are unable to activate human oocytes (Rybouchkin
et al., 1997). When ICSI and oocyte activation (ionophore
treatment) were combined, this resulted in pregnancy and the
birth of a healthy baby. While performing ICSI over the past
6 years, we have encountered four men whose spermatozoa
were unable to fertilize oocytes despite their apparently suc-
cessful introduction into the oocytes. Here we report that ICSI
following oocyte activation with electrical stimulation in these
cases resulted in normal pregnancy.

© European Society of Human Reproduction and Embryology 1307

Materials and methods

Patients
A total of 1048 treatment cycles of ICSI were carried out in 424
couples at the Fukushima Medical College Hospital between January
1992 and January 1998. Criteria for admission to the ICSI programme
were severe oligozoospermia or lack of fertilization in the preceding
standard in-vitro fertilization (IVF). The cases in which no motile
spermatozoa were available were not included in this report. In four
out of 424 couples (0.9%), none of their oocytes were fertilized after
two ICSI attempts with more than two oocytes injected on two
different days. Written consent was obtained from the male partners
of three out of four of these couples, who donated their semen
samples for this research. The study was in accord with guidelines
approved by the internal review board of research ethics.

Preparation of human gametes
Ovarian stimulation and oocyte collection were performed as described
previously (Yanagida et al., 1998). Oocytes were incubated for
3–8 h in human tubal fluid (HTF) medium (Irvine Scientific, Santa
Ana, CA, USA), supplemented with 6% plasmanate cutter (Bayer
Pharmaceutical Co., Osaka, Japan). Immediately before ICSI, cumulus
cells were removed by pipetting the oocytes in HEPES-buffered
HTF medium (mHTF; Irvine Scientific) containing 0.25 mg/ml
hyaluronidase (type 8, H-3757, Sigma Chemical, St Louis, MO,
USA). Oocytes were examined and only those with the first polar
body were used for ICSI.

Semen samples were allowed to liquefy for 30 min at room
temperature. As many spermatozoa as possible were collected by the
swim-up method using HTF medium. When no motile spermatozoa
were collected by this method, the semen was diluted with HTF
medium, centrifuged at 350 g for 10 min, and motile spermatozoa were
individually picked up using a micropipette immediately before ICSI.

Part of a semen sample from patient A was fixed with 2.5%
glutaraldehyde and processed for electron microscopy.

Sperm injection into oocytes (ICSI) in human
Conventional ICSI or piezo ICSI was performed in a total of 1048
treatment cycles. ICSI using the conventional method (Palermo et al.,
1992; Van Steirteghem et al., 1993) was performed between January
1992 and December 1996. Thin-wall injection pipettes with flush tips
were prepared according to a previously described method (Perreault
and Zirkin, 1982; Yanagida et al., 1991). The outer diameter of the
injection needle was 5–6 μm and the inner diameter of the holding
pipette was 15 μm. A motile spermatozoon with a morphologically
normal head was selected and was immobilized immediately before
ICSI. Immobilization was achieved by repeatedly drawing a spermato-
zoon in and out of an injection needle in mHTF containing 10%
polyvinylpyrrolidone (PVP-360; Sigma). The immobilized spermato-
zoon was drawn tail-first into the injection needle. The oocyte was
punctured by the needle and a small amount of cytoplasm was sucked
into the needle to confirm rupture of the membrane. The spermatozoon
was expelled into the oocyte.
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Pharmaceutical Co., Osaka, Japan). Immediately before ICSI, cumulus
cells were removed by pipetting the oocytes in HEPES-buffered
HTF medium (mHTF; Irvine Scientific) containing 0.25 mg/ml
hyaluronidase (type 8, H-3757, Sigma Chemical, St Louis, MO,
USA). Oocytes were examined and only those with the first polar
body were used for ICSI.

Semen samples were allowed to liquefy for 30 min at room
temperature. As many spermatozoa as possible were collected by the
swim-up method using HTF medium. When no motile spermatozoa
were collected by this method, the semen was diluted with HTF
medium, centrifuged at 350 g for 10 min, and motile spermatozoa were
individually picked up using a micropipette immediately before ICSI.

Part of a semen sample from patient A was fixed with 2.5%
glutaraldehyde and processed for electron microscopy.

Sperm injection into oocytes (ICSI) in human
Conventional ICSI or piezo ICSI was performed in a total of 1048
treatment cycles. ICSI using the conventional method (Palermo et al.,
1992; Van Steirteghem et al., 1993) was performed between January
1992 and December 1996. Thin-wall injection pipettes with flush tips
were prepared according to a previously described method (Perreault
and Zirkin, 1982; Yanagida et al., 1991). The outer diameter of the
injection needle was 5–6 μm and the inner diameter of the holding
pipette was 15 μm. A motile spermatozoon with a morphologically
normal head was selected and was immobilized immediately before
ICSI. Immobilization was achieved by repeatedly drawing a spermato-
zoon in and out of an injection needle in mHTF containing 10%
polyvinylpyrrolidone (PVP-360; Sigma). The immobilized spermato-
zoon was drawn tail-first into the injection needle. The oocyte was
punctured by the needle and a small amount of cytoplasm was sucked
into the needle to confirm rupture of the membrane. The spermatozoon
was expelled into the oocyte.
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