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Abstract
Purpose To analyze the fertilization, embryo development,
and clinical outcome of immature oocytes obtained from
natural cycle IVF in women with regular cycles.
Methods Natural cycle IVF was performed in 28 patients who
had normal ovaries, > 6 antral follicle counts and were less
than 40 years old (n028 cycles). An hCG trigger of 10,000 IU
was administered 36 h before oocyte collection when the
diameter of the dominant follicle (DF) was over 12 mm.
Oocytes were retrieved from DF as well as from the cohort
of smaller follicles. Embryological aspects of the mature and
immature oocytes retrieved from these cycles as well as the
implantation and clinical pregnancy rates depending on the
origin of the embryos transferred were evaluated.
Result(s) Overall clinical pregnancy and implantation rates
were 20.8 % and 6.7 %, respectively. There were no differ-
ences in in vitro maturation (IVM), fertilization and embryo
development between immature oocytes retrieved with and
without in vivo matured oocytes. However, the clinical and
implantation rates in cycles with embryos produced from in
vivo matured oocytes transferred were better than the cycles
where only IVM embryos were transferred (30.8 %, 9.1 %
vs. 9.1 %, 3.2 %).
Conclusion(s) Although our results show that immature
oocytes from natural cycle IVF can fertilize normally and
can be used to increase the number of embryos available for

transfer, the embryos derived from the immature oocytes in
natural cycles IVF have a poorer reproductive potential.
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Introduction

The first successful childbirth resulting from IVF was pro-
duced with a natural cycle of IVF [1]. Pregnancy rates in
natural cycle IVF have been reported variously between 0
and 30 % after embryo transfer [2, 3]. This is most likely
because the natural cycle depends solely upon the develop-
ment of a dominant follicle (DF). As a result, ovarian
stimulation was developed to generate more follicles and
therefore more oocytes, replacing the natural cycle IVF [4,
5]. This increases the probability of a successful pregnancy.
However, IVF as practiced today is complex, time-
consuming and expensive. It generates much stress and side
effects such as ovarian hyperstimulation. Thus, there has
been a resurgence of interest in natural cycle IVF treatment
in recent years including a modified form such as controlled
natural cycle IVF, minimal stimulation IVF and in vitro
maturation (IVM) [6]. Nevertheless, the disadvantage of
fewer available oocytes and therefore fewer embryos
remains. This result in relatively low pregnancy rates and
high cancellation rates associated with these IVF cycles.

Recently, the concept of “natural cycle IVF combined
with IVM (IVF/M)” has been proposed, which suggests that
natural cycle IVF might be combined with immature oocyte
retrieval and IVM [7–11]. In addition to the embryo pro-
duced by the mature oocyte from the DF, embryos produced
by the IVM oocytes will also be available, therefore possi-
bly increasing the chances of pregnancy in a natural cycle.
Administrating hCG when the DF reaches 14 mm diameter
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[8] or more recently 12–14 mm [9–11] to obtain mature
oocytes and viable sibling immature oocytes has been rec-
ommended. However, evidence is lacking on whether the
immature oocytes retrieved after the follicle gains domi-
nance (> 12 mm) in a natural cycle actually contribute to
the pregnancy rate. Therefore, in this study, we assessed the
embryological differences of immature oocytes retrieved in
the course of natural cycle IVF as well as the mature
oocytes. Outcomes were fertilization result, embryo quality,
implantation rates, clinical pregnancy rate and live birth in
embryos derived from mature and immature oocytes within
the same natural cycle.

Materials and methods

Medical records of all women who underwent natural cycle
IVF retrieved with immature oocytes from 2004 to 2008 at
McGill University Health Centre, Montreal were evaluated.
The retrospective study was approved by the Research and
Ethics Board of the McGill University Health Centre.

Patients

A total of 28 patients (n028 cycles) who underwent natural
cycle IVF were included in this analysis. Inclusion criteria
were patients who had normal ovaries with regular cycles, >
6 antral follicle in both ovaries and less than 40 years old.

Monitoring

The treatment cycle was initiated on the basis of an ultra-
sound scan on day 3–5. Transvaginal ultrasound scans were
repeated on day 7–9 and repeated at 1–3-day intervals until
the leading follicle reached over 12 mm in diameter and the
endometrial thickness was≥6 mm. At this point 10,000 IU
hCG was administered [9, 10].

Oocyte collection

The Oocyte retrieval was performed 36 h after hCG prim-
ing. Transvaginal ultrasound–guided collection of oocytes
was performed using a 19-gauge aspiration needle (K-OPS-
7035-RWH-ET, Cook, Australia) with a reduced aspiration
pressure of 7.5 kPa. The aspirates were collected in tubes
with prewarmed heparinized saline. The oocyte collection
started with the DF and the needle was flushed completely
with saline, and oocyte maturity was assessed. Subsequent
collection of oocytes was performed according to accessi-
bility of the smaller follicles following which the maturity
level of the oocyte was determined. To avoid the possibility
of missing oocytes with a small amount of cumulus cells,
the remaining follicular aspirates were filtered using 70-μm

mesh in hole size (Falcon, Becton Dickinson & Company,
NJ, USA). They were washed with oocyte wash medium
(Cooper Surgical, CT, USA) that contained HEPES buffer
supplemented with recombinant human serum albumin and
the oocytes were isolated under a stereomicroscope.

In vitro maturation

The nuclear maturity of the collected oocytes was assessed
under the dissecting microscope with high magnification
(x80) using the spreading method [12]. If no germinal
vesicle (GV) was observed in the oocyte cytoplasm, the
cumulus masses were removed with hyaluronidase and me-
chanical pipetting was carried out after the oocyte retrieval
was completed. Reassessment of oocyte maturity was then
performed. Oocytes that were mature on the oocyte retrieval
day (Day 0: 0–6 h) were inseminated on the same day, while
the immature oocytes (GV- or Germinal vesicle breakdown
(GVBD)-stage) were cultured in IVM medium (Cooper
Surgical, CT, USA) supplemented with 75 mIU/ml FSH
and LH. Following culture on day 1 (24–30 h), the oocytes
were denuded of cumulus cells with hyaluronidase and
mechanical pipetting.

IVF, in vitro development and embryo transfer

Matured oocytes were inseminated by intracytoplasmic
sperm injection (ICSI) using the partner’s spermatozoa.
ICSI was performed at least 1 h after observing first polar
body (PB) extrusion as suggested by Hyun et al. [13].
Fertilization was assessed 16–18 h after insemination for
the appearance of two distinct pronuclei and two polar
bodies. The zygotes were cultured in COOK cleavage me-
dium (Cook company, Australia). Embryonic development
was assessed on day 2 (41–43 h) and on day 3 (65–67 h)
after insemination according to the regularity of blasto-
meres, the percentage and pattern of anucleate fragments,
and all dysmorphic characteristics of the embryos. For this
study, we defined embryos as good quality, if they had a 4-
cell embryo on day 2 and a 7- or 8-cell embryo on day 3,
contained <20 % anucleate fragments and exhibited no
apparent morphological abnormalities. Embryos showing
blastomere multi-nucleation, poor cell adhesion, uneven cell
division and cytoplasmic abnormalities were defined as low
quality. Embryos were transferred on day 2 or day 3 after
ICSI, depending on the number and quality of the embryos,
under ultrasound guidance using a Wallace catheter (SIMS
Protex Ltd., Hyth, Kent, United Kingdom).

Endometrium preparation

For endometrial preparation, patients received estradiol valer-
ate (Estrace; Roberts Pharmaceutical, Mississauga, Canada),
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starting on the day of oocyte retrieval. If the endometrial
thickness was 6–8 mm, 8–10 mg dose was given, and if it
was≥8 mm, a 6 mg dose was administered, all in divided
doses. Luteal support was provided by administering 50mg of
progesterone daily intra-muscularly starting on the day of
ICSI and continued, along with estradiol valerate, until
12 weeks of gestation, if the pregnancy test was positive.

Data analysis

The IVM and embryo developmental potential of sibling
immature oocytes were analyzed between cycles with and
without in vivo matured oocytes. Clinical outcome of the
natural IVF cycles was analyzed in two groups according to
the origin of transferred embryos as follows; Group 1:
cycles that only had IVM embryos transferred as a result
of collecting only immature oocytes, failure of oocyte col-
lection from the DF or failed fertilization of the in vivo
matured oocytes, and Group 2: cycles that had transferred
embryos derived from oocytes matured in vivo and in vitro.

Statistical analysis

Statistical analyses were performed using the χ2, Fisher’s
exact, McNemar’s or t-test as appropriate. All P-values
quoted are two-sided, and values<0.05 indicate statistical
significance. Analyses were performed using the SPSS sta-
tistical package (SPSS, Inc., Chicago).

Results

Characteristic of natural IVF cycles in this study is shown in
Table 1. Table 2 summarizes the overall embryological and
clinical aspects of this study. Out of 28 cycles, 3 cycles (DF:
13.5, 15 and 16 mm at hCG) did not undergo oocyte retrieval
because of premature ovulation. One cycle did not undergo
embryo transfer (ET) because of lack of maturation (DF0
16 mm at hCG). Sixteen out 28 cycles had in vivo matured

oocytes. However, three cycles had no embryos generated
from the in vivo matured oocytes because of failed fertiliza-
tion and so they only had IVM embryos transferred. Overall
clinical pregnancy and implantation rates after ET were
20.8 % (5/24) and 6.7 % (5/75), respectively. Table 3 summa-
rizes the embryological aspects of in vivo matured oocytes
and in vitro matured oocytes in the cycles. In the cycles with in
vivo matured oocytes (n019), a total 149 oocytes were re-
trieved and 28 of them were matured in vivo. In the 9 natural
cycles, a total of 70 immature oocytes were retrieved. There
was no significant difference in the rate of in vitro maturation
between immature oocytes retrieved from cycles with and
without in vivo matured oocytes (67.0 %, 81/121 vs.
70.0 %, 49/70). Significantly higher quality embryos were
produced from in vivo matured oocytes than that from sibling
in vitro matured oocytes (P<0.05). However, there were no
differences in fertilization and embryo development between
immature oocytes retrieved from cycles with and without in
vivo matured oocytes (Table 3).

The clinical and implantation rates in the group where
at least one embryo produced from an in vivo matured
oocyte was transferred were better than those of the
group where only embryos produced from in vitro ma-
tured oocytes were transferred (30.8 % (4/13), 9.1 % (4/
44) vs. 9.1 % (1/11), 3.2 % (1/31)), but the numbers
were too small to reach statistical significance (Table 4).
A pregnant patient in group 2 had a GV-stage oocyte
retrieved from a 16.5 mm DF follicle at collection.
Therefore, no in vivo mature oocyte was obtained in this
cycle. All pregnancies had a single gestational sac with
heart beat and resulted in singleton live births.

Table 1 Characteristics of Natural IVF cycles

Variables Value

No. of patients (no. of cycles) 28 (28)

Patient age (mean ± S.D.) 33.3±4.1

Infertility factors

-Tubal factor 5

-Male factor 13

-Unknown factor 10

Antral follicle count (mean ± S.D) 14.9±5.9

Diameter of dominant follicle at hCG (mean ± S.D.) 14.6±1.7

Endometrial thickness at collection (mean ± S.D.) 9.4±1.8

Table 2 Maturation, fertilization, development and pregnancy rates in
Natural IVF cycles

No of patients 28

No. of cycles 28

No. of ET cycles 24

No. of cycles with in vivo matured oocytes (%) 16 (66.7)

No. of oocytes collected (mean ± S.D.) 219 (8.8±5.6)

No. of oocytes matured on collection day (%) 28 (12.8)

Mean ± S.D. (range) 1.1±1.2 (0–5)

No. of oocytes cultured in vitro 191

No. of MII oocytes matured in vitro (%) 130 (68.1)

No. of total MII oocytes 158 (72.1)

No. of zygote (%) 116 (73.4)

No. of embryos cleaved (%) 109 (94.0)

No. of transferred embryos (mean ± S.D.) 75 (3.1±1.0)

No. of β-hCG positive per embryo transfer (%) 5 (20.8)

No. of clinical pregnancies per embryo transfer (%) 5 (20.8)

No. of implantations (%) 5 (6.7)

No. of live births 5
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Discussion

This study demonstrates that in the presence of a DF the
cohort of small follicles can yield immature oocytes capable
of generating embryos. However, these embryos generated
from the sibling immature oocytes have little effect on
clinical outcome.

It has been believed for a long time that oocyte retrieval
for IVM program should take place before the development
of a DF which affects rest of the cohort to become atretic.
The DF can be distinguished from other cohort of follicles
by a size >10 mm diameter in humans [14]. Nevertheless,
Barnes and Sirard [15] reported that some of the oocytes in
early atretic follicles still possess the competence to support
embryonic development.

However, this notion has recently been challenged. Chian
et al. [16] reported that in the bovine model, the maturational
and developmental competence of immature oocytes derived
from the small antral follicles was not affected by the presence
of a DF or the phase of folliculogenesis. Thornton et al. [17]
observed that successful pregnancies can be obtained from
immature oocytes retrieved during the mid-cycle aspiration of
a DF following hCG priming in unstimulated cycles. In a case
series reported by Chian et al. [7] three pregnancies were
achieved after the combination of natural cycle IVF/M and
transfer of resulting embryos. Lim et al. [10] reported good
pregnancy rates after performing natural cycle IVF/M. Based
on these studies, Chian and Lim have suggested that develop-
mental competence of immature oocytes is not detrimentally
affected by the presence of any size of the DF during the
follicular phase and the embryos produced from the immature
oocytes could contribute to an increased chance of a pregnan-
cy. However, they did not report on either the embryo devel-
opment of sibling immature oocytes retrieved from these
cycles or how much these embryos contributed to the increase
in overall pregnancy rates.

In this study, therefore, we collected data from patients
who had the same protocol of natural cycle IVF/M as
previously reported [8, 10] and analyzed the embryological
and clinical results of natural cycle IVF for women who had

normal ovaries. We compared embryos produced from
oocytes matured in vivo and in vitro and found that sibling
immature oocytes could mature in vitro, fertilize and some
of them could develop to good quality embryos similar to
the animal model that was reported by Chian [16]. However,
when the clinical outcome was assessed in detail depending
on the origin of the embryos transferred, a much better
pregnancy rate (30.8 %) was obtained in cycles where the
transferred embryos were derived from in vivo matured
oocytes than in cycles without any embryos produced from
in vivo matured oocytes (9.1 %) (Table 4). The pregnant
patient in the cycle where only embryos produced from
immature oocytes were transferred had only GV-stage
oocytes even though they originated from the DF
(16.5 mm at collection). Although, we could not verify the
origin of the embryo that implanted, it is tempting to spec-
ulate that the DF that contained a GV-stage oocyte was not
able to suppress the rest of the small follicles. In addition,
the three cycles in which only IVM embryos were trans-
ferred because no embryos were generated from in vivo
matured oocytes due to failed fertilization, did not result in
a pregnancy. Our results imply that the clinical outcome

Table 3 Embryology details of sibling oocytes collected from the Natural IVF cycles

Natural IVF cycles with in vivo matured oocyte (n016) without in vivo matured oocytes (n09)

Retrieval day after IVM after IVM

No. of MII oocytes 28 81 49

No. of normal fertilized (2PN) embryos (%) 22 (78.6) 54 (66.7) 40 (81.6)

No. of embryos cleaved (%) 22 (100) 52 (96.3) 35 (87.5)

No. of good quality embryos (%)a 14 (63.6)a 20 (37.0)b 14 (35.0)

a vs. b: P<0.05 (McNemar’s test)
a The number of good quality embryos divided by the number of two-pronuclear zygotes

Table 4 Details of clinical pregnancy and implantation rates according
to the origin of embryos transferred

Groups (mean no. of
embryos transferred)

Clinical results Total

Group 1 Clinical Pregnancies/transfer (%) 1/11 (9.1)

(2.8) Implantations/No. of embryos
ET (%)

1/31 (3.2)

Group 2 Clinical Pregnancies/transfer (%) 4/13 (30.8)

(3.4) Implantations/No. of embryos
ET (%)

4/44 (9.1)

Total Clinical Pregnancies/transfer (%) 5/24 (20.8)

Implantations/No. of embryos
ET (%)

5/75 (6.7)

Group 1: cycles that had transferred only embryos derived from
oocytes matured in vitro

Group 2: cycles that had transferred both embryos derived from
oocytes matured in vivo and in vitro
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most likely relies on the presence of embryos produced from
in vivo matured oocytes, similar to that observed in pure
natural cycle IVF, and the sibling immature oocytes seem to
be adversely affected when a follicle gains dominance (DF>
12 mm) at the time of hCG administration.

It is difficult to make conclusions about the reproductive
potential of immature oocytes with only embryological data.
From our study, the sibling immature oocytes could not
contribute to increased pregnancy outcome. In support of
this observation, Lim et al. [9] reported previously that most
pregnancies after performing natural cycle IVF/M were
achieved from cycles that had in vivo matured oocytes
(36.3 %, 33/91). When patients had only in vitro matured
oocytes, the pregnancy rate was only 9.4 % (3/32). Al-
though the DF diameter on the day of hCG varied from<
12 to>17 mm in their study, the clinical outcome is similar
to our present study (Table 4). Recently, the same group
reported a clinical outcome difference, even though the
clinical pregnancy was not different between cycles with
and without in vivo matured oocytes (40.1 % vs. 34.9 %),
leading to a live birth rate which was significantly higher in
the cycles where in vivo matured oocytes were obtained
(29.6 % vs. 16.4 %) [11]. However, the authors did not
analyze the embryological and clinical outcomes based on
the diameter of the DF at the time of hCG administration. In
addition, they also did not mention whether they used the
same criteria for triggering hCG as their previous study or
not. We have previously reported that there were no differ-
ences in the rates of clinical pregnancy and implantation
between the IVM cycles where embryos were transferred
with and without embryos produced from in vivo matured
oocytes when hCG priming was administered when the DF
reached 10–12 mm, even though the study groups were for
women who had polycystic ovaries [18]. Our present data is
also consistent with that of Paulson et al. [19], who reported
that all pregnancies occurred in the cycles in which one of
the embryos was derived from the DF (17 %, 11/66) in
unstimulated IVF cycles of women with regular cycles and
all of the implantations were singleton. No pregnancy was
achieved in the cycles where only IVM embryos were
transferred (0 %, 0/10). In their study, the mean DF diameter
on day of hCG was about 19 mm.

In conclusion, our data strongly suggest that once a
DF is selected (> 12 mm), the embryos generated from
the sibling immature oocytes have a poorer reproductive
potential, even though they can mature, fertilize and
develop. Our results emphasize the concept that the size
of the DF at the time of hCG plays an important role in
the contribution of the sibling immature oocytes towards
achieving a pregnancy in natural IVF cycles. The clinical
significance of using immature oocytes in natural cycle
IVF needs further evaluation to determine the optimal
time to retrieve viable immature oocytes.
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