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Abstract
The incidence of fertilization failure has decreased dramatically since the intracytoplasmic sperm injection
procedure (ICSI) was successfully introduced into clinical practice. However, even in very successful units with
remarkable pregnancy rates, there are couples who face repeated in vitro fertilization (IVF) failure due to low or
absence of fertilization. We present a case of a 36-year-old woman with tubal factor of infertility and two previous
IVF attempts with short and long agonist protocols and absence of normal fertilization after ICSI. The third cycle
performed with in vitro maturation of oocytes (IVM) led to the development of top quality embryos. Two transferred
embryos ensued in a singleton pregnancy and term delivery of a healthy girl.
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Introduction
The in vitro fertilization and embryo transfer technique was
introduced into routine clinical practice more than thirty-five years
ago and enables overcoming almost all types of infertility. Currently,
more than five million children have been born due to this treatment.
Nevertheless, not every IVF attempt leads to childbirth. Most cases of
IVF failure can be explained by genetic defects or poor developmental
potential of the embryo or low receptivity of the endometrium, which
leads to implantation failure. A less frequent reason is fertilization
failure. The precise cause of this result is not fully understood. A
multiple regressive analysis performed in 304 couples with fertilization
failure and 304 controls revealed the following risk factors: female
smoking, non-tubal factor of infertility, a low count of progressive
motile spermatozoa after preparation and less than four oocytes
retrieved [1]. Implementation of the ICSI technique into clinical
practice resolved most problems associated with low fertilization rate
due to male factor: insufficient acrosome reaction, impaired binding
with zona pellucida, very low progressive motility and abnormal sperm
morphology. Nevertheless, in 1-3% of the IVF population all retrieved
oocytes showed no sign of fertilization even after ICSI. Sixteen cases of
total fertilization failure among 3723 ICSI cycles was reported (4.3%).
In 10 cases, the next attempts at ICSI also resulted in total fertilization
failure [2].
A recently published meta-analysis regarding fertilization rates after
ICSI in patients with unexplained infertility, revealed that the
probability of normal fertilization after ICSI in these patients is higher
than after IVF (1.35-1.65, RR 1.49), and the risk of total fertilization
failure after IVF is 8.2 times higher compared to ICSI [3]. On the other
hand, it was suggested that total fertilization failure is not related to
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sperm parameters but rather as a result of suboptimal response to
ovarian stimulation [4] or oocyte post maturity [5].
Alternative approaches to overcoming repeated fertilization failure
after ICSI, are oocyte or sperm donation, artificial oocyte activation
[6,7] and in vitro maturation of oocytes.
We present our experience of infertility treatment in women with
tubal infertility, diminished ovarian reserve and total fertilization
failure after two attempts of ICSI.

Case Report
A 36-year-old woman was referred to the IVF and Reproductive
Genetics Center in December 2013 for infertility treatment. She had
been pregnant three times. Her first pregnancy, in 1997, resulted in
spontaneous preterm delivery at 30 weeks. The newborn girl died two
months after delivery. Her second and third pregnancies were ectopic:
in 2005 she underwent laparotomy and right salpingectomy and in
2012 laparoscopic left salpingectomy.
Her partner was 41-years-old and had two children from a previous
marriage. Sperm analysis showed normal zoospermia. The patient had
a regular menstrual cycle of 26-27 days. Her hormonal profile on day 3
of cycle was: AMH 0.5 ng/ml, FSH 11.8 IU/l, LH 4.7 IU/l, 17 β
estradiol 75 pg/ml. An ultrasound scan on day 3 of menses revealed a
normal size uterus, a right ovary 24 × 14 × 16 mm, containing 3 antral
follicles 4-7 mm in diameter, and a left ovary 27 × 13 × 15 mm, with 3
antral follicles 5-8 mm in diameter.
The first IVF attempt was performed in January 2014, using a short
agonist protocol with triptorelin (Decapeptyl, Ferring GmbH, Kiel,
Germany) 0.05 mg/daily, starting from day 2 of cycle and follitropin
alpha + lutropin (Pergoveris, Merck-Serono C.A., Switzerland) 300 IU
daily, for 14 days starting from day 2 of cycle. Due to slow follicle
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growth, menotropin (Merional, IBSA Institut Biochimique SA,
Switzerland) 150 IU daily, was added from day 7 of stimulation.
Human chorionic gonadotropin (hCG) (Pregnyl, N.B. Organon, Oss,
Netherland) 10,000 IU was administered intramuscularly on day 15 of
stimulation when two leading follicles achieved a diameter of 18 mm.
Transvaginal follicle aspiration under ultrasound guidance and general
sedation was performed 35 hours after triggering and 5 MII oocytes
were retrieved. Sperm count on the day of ovum pick up demonstrated
volume 2.3 ml, concentration 122 × 106 per ml, motility (a +b) 61%,
and normal morphology. Because few oocytes were retrieved, we
considered fertilization by ICSI. Briefly, 2 μl of sperm suspension was
pipetted to the center of a microdroplet (5-7 μl) of polyvinylpyrrolidine
(PVP; SAGE media, Cooper Surgical, Inc., USA.). Spermatozoa
reaching the microdroplet edge were collected with a finely drawn ICSI
pipette (Origio Inc., USA), transferred to a clean droplet of PVP for tail
breaking, and injected into oocytes one hour after denudation [8].
Nineteen hours after routine ICSI, one oocyte developed in 3 pn and
the other 4 oocytes degenerated.
A second IVF attempt was performed in April 2014, with a long
agonist protocol. Triptorelin 0.05 mg/daily was administered from the
mid luteal phase and menotropin 450 IU daily was started when
ovarian suppression was achieved and continued for 11 days. Human
chorionic gonadotropin 10,000 IU was administered intramuscularly
on day 14 of stimulation, when three leading follicles achieved a
diameter of 20 mm and another five follicles were 12 to 18 mm in
diameter.
Four follicles >18 mm were aspirated 35 hours after hCG triggering,
and no oocytes were retrieved. A second aspiration of the other 4
follicles >17 mm that developed was performed the next day, with 4
oocytes being obtained: 2 MII, 1 MI and 1 GV. Sperm count
demonstrated volume 2 ml, concentration 78 × 106 per ml, motility of
56%, and 4% normal morphology. No normal fertilization occurred 24
hours after ICSI. Taking into consideration the possibility of poor
oocyte quality obtained due to the protocols that had been used, we
decided to change the stimulation protocol. A third stimulation was
done with clomiphene citrate, 50 mg daily from day 3 to day 7 of cycle,
and menotropin 75 IU daily was started on day 7 of stimulation. A
single follicle <15 mm developed and the cycle was cancelled due to
poor response of stimulation.
Taking into consideration the repeated fertilization failure in
conventional IVF attempts, IVM+IVF was performed in August 2014
with FSH priming (Merional 150 IU on day 2, 3 and 4 of cycle), hCG
10,000 IU was given as a trigger on day 7 of the cycle. Six follicles 5-12
mm in diameter were aspirated under ultrasound guidance using a
single channel needle 17/20 G (Swemed Sense, Vitrolife, Sweden) and
reduced aspiration pressure of 7.5 Pka, 39 hours after triggering. Five
oocytes were obtained. All oocytes were cultured for 5.5 hours in
maturation medium (SAGE IVM media kit, Cooper Surgical
Company, USA) supplemented with FSH + LH (Merional, IBSA
Institut Biochimique S.A., Switzerland) for a final concentration of 75
mIU/ml. The retrieved oocytes were stripped for maturity assessment 5
hours after aspiration as described previously [9]. Four oocytes were
MII and one was GV. All MII oocytes were fertilized by ICSI on the
day of aspiration, three oocytes developed in 2 PM, 18 hours after ICSI,
and one oocyte degenerated. Three top quality embryos (10-cells grade
1) were obtained. Two of them were transferred to the patient and one
was vitrified 72 hours after fertilization. Luteal phase support was
initiated with estradiol valerate (Proginova, Shering, France) 2 mg 3
times a day, starting from the day of follicle aspiration, and
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progesterone (Utrogestan, Besins Healthcare, Belgium) 200 mg 3 times
a day was vaginally started the day after ICSI was performed. A
singleton ongoing pregnancy emerged as diagnosed by ultrasound scan
six weeks after the embryo transfer. A cesarean section was performed
at 39 weeks of pregnancy, and a healthy girl was born.

Discussion
The causes of repeated fertilization failure are diverse. They include
patients who have undergone repeated IVF cycles with low-quality
embryos, maturation arrest of human oocytes [10] and a subgroup of
patients with the unclear diagnosis of egg factor. In some cases, no eggs
are retrieved in spite of apparently normal follicular development, a
situation also known as the controversial empty follicle syndrome.
Another possibility of fertilization failure may be the result of
suboptimal response to ovarian stimulation. Five-hundred fifty-five
couples who had total fertilization failure during conventional cycle of
IVF or ICSI cycles were assessed [4]. Delivery rates for IVF patients
who elected to continue treatment after fertilization failure were 44%
per patient, 25% per embryo transfer (ET), and 22% per cycle. Delivery
rates for ICSI patients were 36% per patient, 23% per ET, and 18% per
cycle. The number of mature oocytes obtained was always statistically
significantly lower in the total fertilization failure cycle when
compared with fertilization cycles, whether ICSI or conventional IVF
was involved. This report suggests that prognosis for pregnancy is
encouraging in subsequent cycles after total fertilization failure as a
result of suboptimal response to ovarian stimulation that can be
corrected. Different modifications of ovarian stimulation protocols
were proposed to improve oocyte maturation: extending the in vivo
period of follicular growth to a follicular size of >20 mm, increasing
the triggering hCG dose, GnRH agonist administration as a trigger of
final maturation, prolonging the period between triggering and follicle
aspiration from 35-36 to 40 hours, or double triggering [11-13]. A
natural cycle protocol has been performed in some cases as well, with
disappointing results. As a different approach from the above, in vitro
maturation is a promising technology in the field of human infertility
[14]. In addition to indications for treating patients with polycystic
ovarian syndrome or for preserving fertility, IVM was proposed for
treating patients with poor ovarian response and it may serve the last
choice of treatment after the failure to achieve pregnancy in traditional
IVF [15]. It has also been proposed for use in rare conditions such as
rescue of oocytes which have failed to mature in stimulated cycles [16]
or in cases with unexplained primarily poor quality embryos. A recent
study examined the efficacy of IVM in seven patients with three or
more IVF failures due to abnormal oocyte development due to empty
follicle syndrome, oocyte maturation arrest, or failure of fertilization.
Four women received minimal ovarian stimulation with FSH. Oocytes
were obtained in all patients, mean maturation rate was 39.6% and
mean fertilization rate was 45.8%. Embryo transfer was performed in
four women; and two patients with previous empty follicle syndrome
conceived and delivered [17].
We have presented an additional rare case with repeated fertilization
failure due to egg maturation abnormalities. The IVM cycle performed
obtained four mature oocytes fertilized by ICSI. Transfer of two
embryos resulted in a successful pregnancy. It could be possible that
substitution of the natural milieu with maturation of the oocyte in
vitro might be beneficial in those cases. In conclusion, IVM of oocytes
should be considered as a beneficial option in patients with repeated
fertilization failure.
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