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Objective: The objective of this prospective randomised study was to evaluate if there is an improvement
in clinical outcomes when assisted hatching (AH) is performed in embryos derived from vitriﬁed/
warmed oocytes in an ovum donation programme using egg cryobanking.
Study design: Sixty oocyte recipients in a donation programme using egg cryobanking were randomly
allocated to the assisted hatched (AH, n = 30) or control group (n = 30). The pregnancy and implantation
rates were compared between the groups.
Results: A total of 288 vitriﬁed oocytes were warmed for the 60 recipients. Of the 288 vitriﬁed oocytes,
94.8% survived. All surviving oocytes were sperm injected, and 83.5% underwent fertilisation. There were
172 good-quality embryos selected for transfer. The total pregnancy rate was 40%. The pregnancy rate
did not differ between the AH and control groups (43.3% and 33.3%, respectively, p = 0.1967), but AH
resulted in a higher implantation rate (31.6% vs. 18.4%, p = 0.0206).
Conclusion: Our study demonstrates the effectiveness of AH in embryos derived from warmed oocytes.
Our results also suggest that oocyte cryopreservation can be considered as a tool for providing highly
successful outcomes in an egg donor programme.
ß 2012 Elsevier Ireland Ltd. All rights reserved.
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1. Introduction
The cryopreservation of oocytes enables patients who are at risk
of losing ovarian function because of gonadotoxic treatment or
surgery to store their oocytes for later use. Egg banking also
provides women with the option to delay their childbearing and
circumvents the ethical concerns that are associated with embryo
preservation [1].
Currently, ovum donation is a well-established and successful
practice that is commonly applied as a response to many clinical
situations and leads to the highest pregnancy rates reported for
any assisted reproductive method [2].
The clinical outcome of oocyte donation depends upon the
presence of a receptive endometrium, which is usually prepared by
exogenous hormone replacement [3,4], and the well-synchronised
replacement of good-quality embryos. For the synchronisation,
several strategies have been employed with varying levels of
success, but the most crucial factor is certainly the availability of
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oocyte banks. The establishment of banks of donated oocytes has
considerably simpliﬁed the logistics and means by which oocytes
could be donated.
In spite of the numerous studies conducted over the past
20 years, the reliability of oocyte cryopreservation has only
recently been conﬁrmed. Ever since the ﬁrst report of a live birth
after oocyte cryopreservation [5], the slow cooling method has
been applied with varying levels of success [3,6–9].
Novel approaches to slow freezing have been introduced that
have resulted in improved oocyte survival rates and subsequent
embryo development. As an alternative to slow freezing, the
vitriﬁcation procedure has recently been applied to human oocytes
and embryos [10,11]. This procedure uses very high cooling rates
and high concentrations of cryoprotectants, in which a solution or
specimen solidiﬁes to form a glass-like, or vitreous, structure
without any ice crystal formation during cooling.
The vitriﬁcation method has resulted in a signiﬁcant improvement in post-thaw/warming cell survival and viability, subsequent
fertilisation, embryo development and clinical outcomes [11–15].
Despite such enhancements, however, the highest reported
pregnancy rate achieved per cryopreserved oocyte after fertilisation and embryo transfer has been relatively low [3].
The difﬁculties associated with oocyte cryopreservation are
primarily related to the special structure and sensitivity of this cell,
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the time of exposure to the cryoprotectant solutions, the
concentration of the cryoprotectants, the equilibrium temperature
and the extra- and intra-cellular ice formation, which affect the
viability and physiology of oocytes [16]. Moreover, the hardening
of the zona pellucida of the cryopreserved oocytes was also shown
to be increased by the freeze–thaw process [17].
Although the zona pellucida has multiple functions during
oocyte and embryo development, the hatching of the blastocyst
from the zona pellucida is a prerequisite for implantation in the
uterus. In fact, it has been demonstrated that the reduced
implantation ability observed following in vitro fertilisation (IVF)
and embryo transfer may be caused by the inability of the embryo
to hatch out of the zona pellucida [18].
In the past decade, several techniques for assisted hatching
(AH) in IVF programmes have been introduced to breach or thin the
zona pellucida and assist in the natural process of hatching. Few
prospective, randomised studies, however, have speciﬁcally
addressed the issue of AH performed on frozen-thawed embryos
during IVF cycles, and previous studies have reported controversial
results with decreased [19], similar [20] or increased [21]
implantation rates in the AH group as compared to the control
group. Moreover, there is no available literature supporting the
relevance of AH in embryos derived from vitriﬁed/warmed
oocytes.
The goal of this prospective, randomised trial was to verify if
there is an improvement in clinical outcomes when AH is
performed in embryos derived from vitriﬁed/warmed oocytes in
an ovum donation programme using egg cryobanking.
2. Materials and methods
2.1. Study design
Sixty oocyte recipients in a donation programme using egg
cryobanking were randomly allocated to the assisted hatched (AH,
n = 30) or control group (n = 30). The patients’ randomisation was
carried out using the SAS System for Windows and was performed
just before embryo transfer by the IVF laboratory staff. The
pregnancy and implantation rates were compared between the
groups.
Pregnancy was deﬁned as the presence of foetal heart activity
on ultrasound at six to seven weeks of gestation, and implantation
was deﬁned as the presence of gestational sac visualised on
ultrasound at four to six weeks after embryo transfer.
A written informed consent was obtained, in which patients
agreed to share the outcomes of their own cycles for research
purposes, and the study was approved by the local institutional
review board.
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2.3. Intracytoplasmic sperm injection and laser-assisted hatching
Intracytoplasmic sperm injection (ICSI) was performed 2 h after
warming in a micro-injection dish that had been prepared with
4 mL droplets of buffered medium (HEPES, Irvine Scientiﬁc, Santa
Ana, USA), covered with mineral oil and placed on a heated stage
(37.0  0.5 8C) of an inverted microscope. Approximately 16 h after
the ICSI, fertilisation was conﬁrmed by the presence of two pronuclei
and the extrusion of the second polar body. The embryos were kept in
a 50 mL drop of HTF medium supplemented with 10% HSA and were
covered with mineral oil in a humidiﬁed atmosphere under 6% CO2 at
37 8C for three days.
Immediately before embryo transfer, the embryos undergoing
laser-assisted hatching had the zona pellucida drilled by making a
small (30 mm) opening away from the edges of the holes using a
1.48 mm wavelength diode laser (Fertilase, OCTAX Laser ShotTM,
Herbron Germany) under an inverted Nikon Diaphot microscope
(Eclipse TE 300; Nikon1, Tokyo, Japan).
2.4. Statistical analysis
Patient randomisation was carried out using the SAS System for
Windows (PROC PLAN, seed = 1234) Statistical Program.
The mean values were compared using a Student’s t or Mann–
Whitney test as appropriate, and proportions were compared using
the chi-squared test. The results are expressed as the mean
 standard deviation (SD) for numeric variables and percentages
(%) for categorical variables.
To study the inﬂuence of AH on pregnancy outcome, a binary
logistic regression was performed, and to study the inﬂuence of AH
on implantation, a linear logistic regression was conducted. All
regression analyses were adjusted for maternal age, the number of
retrieved oocytes, endometrial thickness, and fertilisation rate, as
these would be considered to be potential confounders of the
association between the factor evaluated and the ICSI outcomes.
The results are expressed as either odds ratios (OR) (with 95%
conﬁdential intervals (CI)) or regression coefﬁcients (RC). P values
are also reported. The results were considered to be signiﬁcant at
the 5% critical level (p < 0.05). The data analysis was carried out
using the Minitab (version 14) Statistical Software.
3. Results
A total of 288 vitriﬁed MII oocytes were warmed for the 60
recipients (4.8 oocytes per recipient). Of the 288 vitriﬁed oocytes,
273 (94.8%) survived. All surviving oocytes underwent ICSI, and 228
achieved normal fertilisation (83.5%). There were 172 good-quality
embryos selected for transfer (75.4%), and 43 of these implanted
(25.0%, Fig. 1). The implantation rate per warmed oocyte was 14.9%.

2.2. Preparation of oocytes and vitriﬁcation/warming process
120

The retrieved oocytes were maintained in human tubal culture
medium (HTF, Irvine Scientiﬁc, Santa Ana, USA) supplemented
with 10% Human Synthetic Albumin (HSA, Irvine Scientiﬁc, Santa
Ana, USA) and covered with mineral oil (OvoilTM, Vitrolife) for 2–
4 h before cumulus cell removal. The surrounding cumulus cells
were removed after exposure to a HEPES-buffered medium
containing hyaluronidase (80 IU/mL, Irvine Scientiﬁc, Santa Ana,
USA). The remaining cumulus cells were then mechanically
removed by gently pipetting with a hand-drawn Pasteur pipette
(Humagen Fertility Diagnostics, Charlottesville, USA).
The denuded oocytes were then assessed for nuclear status.
Oocytes that were observed to have released the ﬁrst polar body
were considered to be mature and were vitriﬁed 3 h after collection
and cryo-stored. The vitriﬁcation and warming procedures were
performed using the Cryotop method [13].
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Fig. 1. Graphic illustration of the percentage of vitriﬁed oocytes, surviving oocytes,
fertilised oocytes, high-quality embryos and implanted embryos.
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Table 1
Characteristics of patients for whom embryos were or were not submitted to
assisted hatching.
Groups

Control

Assisted hatching

P

n
Female age
Body mass index
Fertilisation rate
Rate of high-quality embryos
Embryos transferred
Endometrium thickness
Pregnancy rate
Implantation rate

30
37.1  3.1
22.3  2.8
85.5%
74.9%
2.2  0.9
10.8  1.8
10/30 (33.3%)
18.4%

30
37.6  2.7
22.3  3.4
83.6%
75.1%
2.1  1.0
10.6  1.7
13/30 (43.3%)
31.6%

0.201
0.854
0.324
0.789
0.479
0.482
0.196
0.020

Mann–Whitney and Chi-squared tests.

The demographic and cycle characteristics were not signiﬁcantly different between the groups (Table 1).
A total of 24 patients achieved clinical pregnancy after
vitriﬁcation/warming (total pregnancy rate of 40%). The clinical
pregnancy rate did not differ between the AH and control groups
(43.3% and 33.3%, respectively, p = 0.1967, Table 1), but AH
resulted in a signiﬁcantly higher implantation rate (31.6% vs.
18.4%, p = 0.0206, Table 1).
These ﬁndings were conﬁrmed by regression models for
pregnancy (OR = 1.14; IC 95% = 0.80–1.72; p = 0.766) and for
implantation rate (RC: 19.45, P = 0.041).
4. Comment
The success rate of IVF/ICSI is dependent upon a number of
factors that have been optimised to increase pregnancy rates.
Although high-quality embryos are available for transfer, however,
only a small proportion of patients undergoing IVF/ICSI will ever
achieve a pregnancy. In fact, it has been reported that up to 80% of
the embryos placed into the uterine cavity fail to implant [22]. This
may be attributed to multiple factors, including embryo anomalies,
endometrial receptivity and hatching failure [23]. The successful
hatching of embryos is thought to be a key event in the
implantation process. If the hatching does not take place, further
embryo development will not occur.
It has been reported that the cryopreservation thawing
procedure may impact an embryo’s implantation potential by
hardening the zona pellucida [18]. Therefore, assisted zona
hatching was introduced in IVF programmes to breach the zona
pellucida and assist in the natural process of hatching [24]. The
present study investigated the contribution of laser AH in embryos
derived from vitriﬁed/warmed oocytes, and a positive effect on the
embryo implantation potential was noted.
Assisted hatching can be done by mechanical, chemical or laser
manipulation, but the laser appears to be associated with a better
outcome than that of the chemical [25] or mechanical [26]
methods. Although assisted zona hatching had been introduced
into IVF programmes to breach the zona pellucida and to assist in
the natural process of hatching [24], the importance of zona
pellucida integrity in cleavage stage embryos has been highlighted.
Yano et al. [27] indicated a higher pregnancy rate after the transfer
of partial zona pellucida-thinned embryos than with circumferential zona pellucida-thinned embryos.
In fact, the zona pellucida is extremely important for oocyte and
embryo development. Before fertilisation, it presents a speciesspeciﬁc sperm barrier, and immediately following fertilisation, it
acts as a block to polyspermy [28]. It also protects the embryo
against inﬁltration by leukocytes and microorganisms (5) in the
reproductive tract. Moreover, it maintains the cell arrangement of
early embryos to ensure their successful development [29].
While some authors have reported the beneﬁts of AH in frozen/
thawed embryos [21,30,31], others have failed to detect the same

effect [20,32]. In addition, the literature regarding the effects of AH
in embryos derived from the vitriﬁed/warming of oocytes is quite
scarce.
Oocyte freezing may offer the possibility of extending the
reproductive capability of young women with malignant diseases
in cases where treatment involving surgery, chemotherapy or
radiotherapy may compromise the ovarian reserve [33]. Cryopreservation can also offer alternatives for infertile patients who
are subject to ovarian hyper-stimulation syndrome, those who are
poor responders to ovarian stimulation and women who are
undergoing premature ovarian failure [34]. Moreover, human
oocyte cryopreservation solves the legal restrictions and ethical
problems that are associated with the cryopreservation of embryos
in patients undergoing IVF [35].
Additionally, successful oocyte freezing/thawing technology
would potentially aid donation programmes [36], which are
currently strongly limited in their efﬁciency by different factors,
including the availability of qualifying donors, expense, delay in
synchronisation, and ethical concerns regarding supernumerary
embryo disposition. An oocyte cryo-bank would provide a more
efﬁcient sharing of donor eggs between multiple recipients,
improving cost effectiveness through the better use of resources.
Clearly, the most crucial prerequisite for a successful egg cryobanking programme is to have an efﬁcient oocyte freezing/thawing
technology. In spite of its evident clinical relevance, however, the
development of efﬁcient cryopreservation techniques has represented a real challenge, as both freezing and thawing exposes cells
to severe stress and can potentially cause cell damage. Oocyte
cryopreservation by vitriﬁcation, however, represents a feasible
alternative that has been producing satisfactory outcomes [11,37].
These gametes must withstand the vitriﬁcation/warming
process to generate competent embryos that are capable of
implanting. Along this complex pathway, they must overcome all
the effects of the physicochemical changes that occur during
equilibrium and vitriﬁcation, successfully survive the storage
period and ﬁnally return to physiological temperatures. Although
it is well known that several factors my inﬂuence this intricate
process, in the present study, satisfactory survival, fertilisation and
implantation rates were observed for warmed oocytes. Moreover,
concerns relating to the hardening of the zona pellucida were
alleviated, as demonstrated by the higher implantation rate
observed when AH was performed.
Our rates are consistent with other studies that have reported
improved survival, implantation, and pregnancy rates when
vitriﬁcation was used instead of the slow freezing method
[12,14,38,39]. Together with the studies cited above, the results
of the current study support the concept that oocyte cryopreservation can be performed successfully in a routine IVF programme,
providing the foundation for the employment of egg cryobanking,
especially in donor-recipient programmes.
Nagy et al. [11] compared the results of fresh and frozen oocyte
donation cycles and showed that the number of oocytes allocated
per recipient was approximately ﬁve times higher in fresh cycles.
The number of warmed oocytes per recipient was relatively low as
a consequence of the high survival rates, conﬁrming previous
observations of vitriﬁcation. In fact, as many or most recipients end
up having many more embryos in a fresh donation cycle than they
would ever possibly use, most of them remain frozen, adding to the
ever-increasing problem of cryo-stored embryos.
In the present study, the implantation rate, calculated based on
the number of oocytes warmed, reached nearly 15.0%. In other
words, approximately six warmed oocytes resulted in one
implantation. This favourable outcome conﬁrms the potential of
oocyte vitriﬁcation and suggests that the efﬁciency of oocyte
donation can be signiﬁcantly improved using cryo-banking. Oocyte
cryo-banking may also reduce frozen embryo storage and, as
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described before, may help with donor-recipient synchronisation
and possibly reduce costs.
In summary, our results demonstrate the effectiveness of AH in
embryos derived from warmed oocytes in a donation programme
using egg-cryobanking. These results further suggest that oocyte
cryopreservation can be considered as a tool to provide highly
successful outcomes in an egg donor programme and encourage
the use of oocyte cryo-banking for egg donation purposes.
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