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Introduction
Successful fertilization depends on sperm and oocyte

interactions: sperm-zona binding, zona-induced acro-
some reaction, sperm-zona penetration and sperm-
oolemma binding [1]. Of these interactions, the acrosome
reaction has been shown to be a requirement for normal
fertilization. Sperm that lack acrosomal vesicles and are
unable to bind to or penetrate the zona pellucida, com-
monly result in fertilization failure following in vitro fer-
tilization (IVF) [1]. The physiological stimuli for the
acrosome reaction involve the zona pellucida protein 3
(ZP3) [2]. Thus, when sperm are unable to reach the zona
pellucida, either an external activating factor or another
pathway towards activation must be utilized.

In the past, men who had this type of male factor defect
were considered irreversibly infertile. The advent of
intracytoplasmic sperm injection (ICSI) circumvented
capitation and the acrosome reaction. Intracytoplasmic
sperm injection involves the direct injection of spermato-
zoa into the oocyte, increasing fertilization rates to
approximately 70% as reported by one study [3].
However, there is still a 2-3% failure rate with ICSI [4].
Such a failure rate has been explained by a lack of oocyte
activation [5].

In normal conception, oocyte activation occurs by a
two-signal process. The acrosome reaction stimulates the
initial signal of Ca2+ release. In ICSI, injecting the sper-
matozoa into the oocyte stimulates signal 1. The interac-
tion between fertilizing spermatozoa and oocyte then
triggers the release of Ca2+ (signal 2) in an oscillatory
fashion [6-8]. It is not known how the sperm activates the
fertilization calcium wave. Two theories have arisen:
sperm either activates a signal transduction receptor on
the oocyte surface or transports an active messenger, in
the form of a soluble sperm factor (SSF) [8, 9]. In failed
ICSI cycles, the lack of adequate SSF may be overcome
by using a calcium ionophore booster [8-11]. Calcium
ionophore serves as nonphysiologic stimuli of the acro-
some reaction, thus affecting signal 1 of oocyte activa-
tion. Furthermore, it increases the oocyte calcium load,
allowing for the development of Ca2+ oscillations (signal
2) [11]. Activation of human oocytes using calcium
ionophore improves fertilization rates of cases with poor
ICSI fertilization [8-11]. In failed ICSI cycles with
calcium ionophore, it may be inferred that while there are
adequate stores of calcium, the oocyte calcium receptor
is defective.

In this case report, we present a couple with prolonged
unexplained infertility with repeated IVF and ICSI fertil-
ization failure and compare the effect of using calcium
ionophore on fertilization and cleavage on oocytes insem-
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inated by ICSI versus two controls: donor sperm with
ICSI and the husband’s sperm with ICSI without calcium
ionophore.

Case Report

A gravida 0, para 0, 32-year-old woman and her 33-year-old
husband were referred to our IVF center after three failed IVF
cycles with ICSI at another center. A total of 17 eggs with seven
mature eggs were produced in the three cycles. No viable
embryos were produced from the three cycles and thus no
embryo transfers. One oocyte had two pronuclei but failed to
cleave. The couple had been married for five years with four
years of primary infertility. The wife’s physical and gynecolog-
ical examinations were within normal limits, including sono-
hystogram, hysterosalpingogram, ovarian egg reserve tests, and
thyroid function tests. Her menses occurred at regular intervals
approximately 27 to 29 days apart. The semen analysis showed
a volume of 1.1 ml; count of 0.4 mill/ml; motility of 0%; and
sperm viability of 75%. Morphology studies showed that the
sperm were 100% abnormal but were not round-headed sperm
in that they retained an acrosome. The husband underwent
further hormonal testing which all came back as normal with
the following values – FSH of 7.3 mIU/ml; LH of 4.6 mIU/ml;
estradiol of < 30 pg/ml; testosterone of 348 ng/dl and free
testosterone of 67.7 pg/ml. Given that previous cycles of IVF
had failed and the low numbers in the semen analysis, we sug-
gested the use of ICSI with calcium ionophore and/or donor
sperm with ICSI, following minimal stimulation.

One consideration for the previous failures was that the con-
trolled ovarian hyperstimulation regimen may have adversely
affected the fertilization process. Previous data did find that the
longer use of leuprolide acetate could inhibit conventional fertil-
ization of eggs [12]. Though there is evidence that the use of
gonadotropins can be associated with diminished fertility it is
usually considered to be related to an adverse effect on the uterine
environment especially in women with normal egg reserves [13,
14]. The mid-luteal phase leuprolide acetate protocol was used in
the three previous failed IVF with ICSI cycles in the other center.
Thus she was placed on the minimal stimulation protocol starting
with 75 IU of FSH on day 3 and used a total of 975 IU of
gonadotropins. The gonadotropin releasing hormone antagonist
cetrorelix (250 mcg/day) was initiated when the follicle reached
12 mm on day 7 of her cycle. Five oocytes were retrieved. All
oocytes were used. Four oocytes were injected with her
husband’s sperm through ICSI. Two of the four oocytes received
calcium ionophore. The fifth oocyte was injected with donor
sperm with ICSI and without calcium ionophore. The only viable
embryo produced resulted from injection of the oocyte with her
husband’s sperm and supplementation with calcium ionophore.
The embryo was then transferred on day 3 at the 6-cell stage but
failed to achieve a pregnancy.

Discussion

The failure to fertilize any eggs that appeared morpho-
logically normal after three IVF with ICSI attempts using
sperm with severe oligoasthenozoospermia would nor-
mally lead to the conclusion that a sperm defect was
responsible for the failed fertilization. Even though ICSI
has resulted in successful fertilization and pregnancies
with extremely poor sperm, e.g., non-motile stick-like

sperm, obtained from testicular aspiration posthumously
from a man who had gone almost 24 hours without life
support, the ICSI process may not be a panacea for all
male factor problems [15].

Some round headed sperm without apparent acrosomes
have been able to fertilize eggs with ICSI though some can
only do so with artificial egg activation, e.g., with calcium
ionophore [16-20] and some completely fail [21]. This dif-
ference may be related to whether there is complete
absence of the acrosome or at least a small portion of a
critical area of the acrosome still present. Theoretically,
however, sperm with perfectly normal appearance of the
acrosomes could fail to fertilize even with ICSI implying a
defect in the oocyte activating factor (OAF) in the sperm
or a receptor defect in the oocytes.

The present case could still be interpreted as a male
with severe oligoasthenoteratozoospermia who lacks the
OAF and is thus helped by the use of calcium ionophore.
The failure to fertilize the egg by donor sperm could be
explained possibly by the fortuitous selection of one poor
egg or some inefficiency in the mechanism of the ICSI
process on that one egg. One hundred percent fertiliza-
tion by ICSI even with perfectly normal sperm is not
common.

However, these data could also be interpreted as to the
possibility that there could be some women with defec-
tive oocytes that are insensitive to sperm triggering signal
2 of calcium release. However, fertilization is possible
with a more potent stimulus, e.g., calcium ionophore.

The continued failure to fertilize any eggs with the
male partner’s sperm or donor sperm is sufficiently con-
vincing that the previous three failed IVF-ICSI cycles
were not related to the controlled ovarian hyperstimula-
tion (COH) regimen and that the successful fertilization
of the two oocytes was related to the addition of the
calcium ionophore rather than the use of a minimal stim-
ulation regimen. The plan is for her next IVF cycle to use
traditional COH but to use a gonadotropin-releasing
hormone antagonist rather than an agonist to make eggs
available for ICSI. The plan is to attempt to fertilize 75%
of the eggs with the male partner’s sperm with ICSI and
artificial egg activation with calcium ionophore and 25%
with donor sperm and ICSI but no artificial egg activa-
tion. If once again the male partner’s sperm with the help
of calcium ionophore fertilizes the eggs but donor sperm
again fail to fertilize then it can be concluded that in some
cases an oocyte defect exists where there is relative insen-
sitivity to the normal sperm in the oscillation phase of
calcium release. If on the other hand the donor sperm
does fertilize, then this would evidence that some sperm
with an acrosome present may still lack the ability to acti-
vate the oocyte. However, fertilization under these cir-
cumstances with cleavage to normal appearing embryos
is still possible using artificial egg activation.
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