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ABSTRACT

Objective: It is commonly believed that the oocytes from small follicles are unhealthy when a dominant follicle
(DF) is recruited in the ovaries, especially when the DF is ovulated. This study aims to confirm whether the
presence or ovulation of DF at the time of retrieval affects the clinical outcome of the natural cycle IVF with in
vitro maturation (NC-IVF/M) treatment.

Methods: Data were collected from 446 women with regular menstrual cycle and 536 retrieval cycles using NC-
IVF/M treatment. The cycles were divided into three groups based on the results of the oocyte retrieval cycle.
Group A covers the collection of oocytes from the DF and small follicles; Group B incorporates failed oocyte
retrieval from DF and then the oocytes are retrieved only from small follicles; and Group C includes the retrieval
of oocytes only from small follicles accompanied with an ovulated DF. Furthermore, Group B and C have
subgroups to include whether in vivo matured oocytes were obtained from small follicles. Following aspiration
of DF and small follicles, mature oocytes were inseminated on the date of retrieval by intracytoplasmic sperm
injection (ICSI) and the immature oocytes were matured in vitro. If the immature oocytes were matured in
vitro, they were inseminated using ICSI, and then the embryos obtained from in vivo and in vitro matured
oocytes were transferred accordingly.

Results: The oocytes from DF were successfully retrieved in 445 cycles (83.0%), failed to be retrieved in 54
cycles (10.1%) and ovulated in 37 cycles (6.9%). In Group A, an average of 2.0 + 1.7 mature oocytes were
retrieved, which was significantly higher than the average of Group B, with 1.3 + 1.3 matured oocytes and
Group C, with an average of 1.1 + 1.5 matured oocytes (P < 0.01). However, the average number of immature
oocytes retrieved from each group show no difference among the three groups. There was no significant
difference in maturation rates of immature oocytes, fertilization rates among the three groups. The clinical
pregnancy rate per transfer cycle is 34.5%, 34.6% and 25.7% in Group A, B and C, respectively. No significant
differences were observed in embryonic development and implantation capacity in Group B and C in
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comparison to Group A. And there was no significant difference in clinical pregnancy, implantation, live birth
and miscarriage rates among the three groups. No significant differences were observed in the developmental
and implantation capacity according to with or without in vivo matured oocytes were retrieved in Group B and

Group C.

Conclusion: The presence or ovulation of the dominant follicle from the ovaries does not significantly influence
the developmental and implantation capacity of immature oocytes retrieved from small follicles, suggesting
that NC-IVF/M is a promising treatment option for women without ovarian stimulation.

INTRODUCTION

The world first in vitro fertilization (IVF) baby was
born from natural cycle [1]. With the efficiency of IVF
treatment, natural cycle was gradually replaced by
ovarian stimulation cycle, as the success rate was
directly related to the number of oocytes retrieved [2,
3]. Initially, the relatively simple and cheap medication,
clomiphene citrate, combined with or without urinary
gonadotrophins were used to stimulate ovaries [2].
Later, the use of gonadotrophin releasing hormone
agonists (GnRH-a) was introduced in the mid-1980s to
prevent premature luteinizing hormone surges [3]. The
early 1990s introduced the development of highly
purified and then recombinant gonadotrophins [4].
Gonadotrophin stimulation with GnRH analogues
became the golden standard method to retrieve more
oocytes [4, 5]. However, ovarian stimulation is always
accomplished with direct or indirect side-effects,
especially higher risk of ovarian hyper stimulation
syndrome (OHSS), which is a life-threatening condition
for women [4]. Therefore, many attempts with different
efficiency on modified protocols were applied [6-8].
The dominant follicle (DF) selection and ovulation in
mammals are complex and precisely regulated
processes [9]. It is a common belief that only a
dominant follicle is selected from a single cohort of
antral follicles in the follicular phase of human
menstrual cycle. The DF continues to develop and to
ovulate while all other subordinate follicles regress [10—
13]. However, it is demonstrated that the developmental
competence of bovine oocytes from the small antra
follicles is not adversely affected either by the presence

of a dominant follicle or by the phase of
folliculogenesis  [14]. The serial transvaginal
ultrasonographic  evaluation revealed a wave

phenomenon of follicular development where the small
antral follicles in the luteal phase may not necessarily
be in atresia but in the early stages of follicular
development in women [15-17]. Interestingly, the
natural cycle IVF combined with in vitro maturation
(IVM) of immature oocytes (NC-IVF/M) treatment has
been established as a vital treatment for different types
of infertility [8, 18-20].

The dominant follicle can be distinguished from other
follicles by its size of >10 mm in diameter in the natural
cycle treatment [11]. It has been reported that the
optimal timing of immature oocyte collection is based
on the size of the DF in NC-IVF/M treatments [8, 21—
24]. However, there are conflicting evidence regarding
the importance of the DF on the day of aspiration before
IVM. Some studies have shown a benefit in performing
retrieval when the leading follicle reaches up to 10 mm
in diameter [24, 25] whereas others indicated that there
is a detrimental effect to the small follicles [22] and
suggested that the treatment cycles should be cancelled
[21, 26]. Therefore, the debate is ongoing on whether
and how the sibling immature oocytes exposed to the
selected DF could contribute to the overall pregnancy
success [8, 21-23, 27-30] in unstimulated cycles, even
though there is no difference observed in fertilization
and embryo development [21, 22].

In clinical practice, the key point for natural cycle
IVF/M treatment is the combination of oocyte from
dominant follicle (DF) with the other oocytes from non-
dominant follicles [8, 18, 19, 28-30]. This procedure,
therefore, represents an interesting model for studying
the development capacity from dominant and small
follicles involved in the oocyte maturation process. In
terms of the dominant follicles, whether or not ovulated
when ultrasound scanning at retrieving, how to
successfully retrieve the oocyte from DF, whether or
not successfully retrieved were the focus we care for.
For the oocyte from non-dominant follicles, the
maturity and the rate of in vitro maturation (IVM) were
the focus we concentrate on. Therefore, the pattern of
oocyte from DF and SF at the time of retrieval is closely
related to the development capacity of resulted embryos
and the clinical outcomes after embryo transfer (ET).
However, little is known about how the pattern of DF in
clinical practice actually influences the development
capacity of oocytes from small follicles even though
after ovulation and the subsequent clinical outcomes in
detail. Therefore, the real place for it has yet to be
defined as we lack information for the oocytes from the
small follicles when the dominant follicle was selected
and ovulated in natural cycle IVF/M treatment.
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In this study, we were to confirm the efficiency of
natural cycle IVF/M treatment and to present the
primary evidence of oocytes from the small follicle on
the subsequent embryonic development capacity and
clinical outcomes under the different patterns of
dominant follicle in natural cycle IVF/M treatment in a
large group.

MATERIALS AND METHODS
Patients

A total of 536 oocyte pickup (OPU) cycles were
performed for 465 patients in this study. NC-IVF/M
treatment cycles were performed on patients with at
least 2 years of infertility, from April 2005 to December
2019. All women had normal ovaries, uterus and regular
menstrual cycles. Patients diagnosed with polycystic
ovary syndrome (PCOS) [4] were not included from this
study. The mean age of the patients was 31.5 + 4.1
years old. The study was approved by the Hospital
Institutional Review Board and the written informed
consent was obtained from all patients.

Natural cycle IVF/M treatment

The treatment procedure for natural cycle IVF/M was
performed as described previously [8, 18, 19]. In brief,
a baseline transvaginal ultrasound scan on day 2 or 3 of
the menstrual cycle was initiated and more than seven
small antral follicles in both ovaries were evaluated.
The ultrasound scans were repeated on day 7-9. When
the dominant follicle reached 12-14 mm in diameter
and the endometrial thickness was more than 6 mm, the
patients were injected 10,000 IU human chorionic
gonadotropin (hCG, Choragon, Ferring Pharmaceuticals,
Mexico) intramuscularly.

After 36-38 hours after hCG injection, oocyte retrieval
was performed using transvaginal ultrasound-guided
aspiration. For the DF aspiration, 17-gauge double
lumen needle (COOK, Eight Mile Plains, Queensland,
Australia) was connected to a portable pump with a
vacuum pressure of <100 mmHg. For small follicles, a
19-gauge single lumen needle (COOK) with a pressure
<40 mmHg was used. The aspirated follicular fluid was
collected in 10 mL tubes containing Quinn’s
Advantage Medium w/HEPES with 2U/mL of sodium
heparin. The follicular aspirates for small follicles were
filtered with a Cell Strainer (@70um, Falcon, Becton
Dickinson and Company, NJ, USA), and washed three
times with heparinized Quinn's Advantage Medium
with HEPES to collect the cumulus-oocyte complexes
(COCs). The oocyte maturity of COSs from the DF and
small follicles were assessed under a stereo-
microscope.

In vitro fertilization (IVF) and in vitro maturation
(IVM)

The mature oocytes were inseminated 2 or 3 hours later
by intracytoplasmic sperm injection (ICSI). The
immature oocytes at Metaphase-1 (MI) and germinal
vesicle (GV) stages (Figure 1) were cultured in 1 mL
maturation medium to induce final oocyte maturation at
37°C in 6% CO2, 5% O, and 89% N with high
humidity. The IVM culture medium contained 30%
serum of the patient’s own (inactivated at 56° for 30
min) with 75 mIU/mL follicle stimulating hormone
(FSH, Serono, Switzerland), 10 mlU/ml human
menopausal gonadotrophin (Livzon Medical Groups;
Zhu Hai, China) and 10 ng/ml recombinant human
epidermal growth factor (Invitrogen, Carlsbad, CA,
USA). The maturity of MI stage oocytes was re-
evaluated after 3 hours IVM culture and the matured
oocytes were subjected to ICSI 2 hours later. After 24 to
48 hours of IVM, if the oocytes mature, they were then
inseminated by ICSI.

Following 16-18 h after ICSI, fertilization was
evaluated by the appearance of 2 distinct pronuclei and
2 polar bodies. The zygotes were cultured in 20 pL
droplets of G1-PLUS medium (Vitrolife, Gothenburg,
Sweden) covered with paraffin oil (Vitrolife) and
incubated according to standard procedures for further
development.

Embryo transfer and endometrial preparation

Embryo transfer (ET) was performed on day 3 after
ICSI using an Ultrasoft Frydman catheter set
(Laboratorie CCD, France) with echogenic guide. The
endometrial  preparation was started by the
administration of 6 mg Estradiol Valerate (Delpharm
Lille SAS, France) once daily from the day of oocyte
retrieval. Luteal support was initiated with 100 mg
progesterone in oil (Solvay Pharmaceuticals B.V.,
Weesp, Netherlands) daily on the day of ICSI
procedure. On day 15 or 16 following oocyte retrieval,
the level of serum BB-hCG was tested to determine the
pregnancy and clinical preghancy was confirmed by the
appearance of a gestational sac and fetal heart beat on
ultrasound scan 6 weeks after ET.

Group design

Natural cycle IVF/M procedures provide us a good
model and allow us to distinguish oocytes from
dominant follicle and small follicles in a same cycle and
to characterize dominant follicle selection on the
developmental capacity of embryos from small follicles
under different situations.
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Firstly, based on whether the oocyte from dominant
follicle was retrieved or not from the DF at the time of
retrieval, the treatment cycles were divided into 3
groups: Group A covers the successful retrieval of
oocyte from the DF at the time of retrieval, with oocytes
from small follicles; Group B includes the failed
retrieval of oocytes from the DF at the time of oocyte
pickup and the oocytes were then retrieved only from
small follicles; Group C consists of DF that had
ovulated at the time of retrieval and oocytes were
retrieved only from small follicles (Figure 2).
Furthermore, Group B and C were classified with B1
and B2, C1 and C2 with respect to whether in vivo
mature oocytes were obtained small follicles or not,
respectively.

Statistical analysis

Statistical analysis was performed using the SPSS 20.0
software (SPSS Inc., Chicago, IL, USA). Comparison
of frequency data between groups, such as clinical
pregnancy, implantation, live birth, and miscarriage
rates were performed by chi-square test. The non-
paired t-test and Mann-Whitney test were applied to
compare mean numbers. For other quantitative

comparisons, analysis of variance (ANOVA) was used.
A p-value below 0.05 was considered to be statistically
significant.

RESULTS

In total, 536 cycles (465 patients) were enrolled to
perform NC-IVF/M treatment in this study. The basal
characteristics and hormone levels of the three groups
were shown in Table 1, no significant differences were
found between groups. As shown in Table 1, the
oocytes were successfully retrieved from the DF in 377
women with 445 cycles (Group A), in which was 83.0%
of the treatment cycles. In Group B, there were 54
cycles (10.1% of the total treatment cycles) which failed
to obtain the oocytes from the DF at the time of
retrieval. In Group C, there were 37 cycles (6.9% of the
total treatment cycles), in which oocytes from DF had
ovulated from 34 patients at the time of retrieval. The
mature oocytes can be retrieved from the DF but also
from the small follicles (Figure 2).

The mean number of oocytes retrieved from Group A
was significantly higher than that of Group B (P < 0.05)
with no difference to the mean of Group C (P > 0.05).

‘| IVF Center
Patient Name:

' |/IVF Center
Patient Name:
Patient ID:
Embryo ID:

0:16:49

Figure 1. Mature and immature oocytes collected at the time of retrieval. (A) Mil-stage oocyte with a disperse cumulus cells
surrounding. Arrow indicates the first polar body. (B) Immature oocyte with compacting cumulus cells. (C) Immature oocyte with sparse
cumulus cells. (D) Immature oocyte with compact (left) and denuded cumulus cells (right). Arrow indicates the germinal vesicle in (B, C and

D). Scale bar: 10 um.
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Table 1. Comparison of clinical outcomes based on the retrieval or ovulation of DF at the time of retrieval with

natural cycle IVF/M treatment.

Variable A B C P
No. of patients 377 54 34

Age of women, years 31.2+4.0 30.9+38 315+4.1 0.803
FSH (mlU/mL) 5.72£2.45 6.27 £ 2.55 6.23+2.43 0.094
LH (mIU/mL) 3.20+214 2.95+ 233 3.09 £2.53 0.347
Estradiol (pg/mL) 41.59 +17.29 42.31 + 21.69 41.09 + 16.81 0.982
Progesterone (ng/mL) 0.55%0.35 0.49+0.2 0.56 £ 0.33 0.598
No. of oocyte retrieval cycles (%) 445 (83.0) 54 (10.1) 37 (6.9)

No. of completed ET cycles 441 52 35

No. of oocytes retrieved 4757 (10.7 £5.1) 501 (9.3+4.7)" 354 (9.6 £5.1) 0.036
No. of oocytes retrieved from DF 465 (1.0+0.2) — —

No. of mature oocytes retrieved 879 20+ 1.7) 69 (1.3 +1.3)" 39 (L1+£15) <0.001
No. of immature oocytes retrieved 3673 (8.3 +4.8) 408 (7.6 £ 4.3) 298 (8.1 £4.3) 0.528
Maturation rate 63.8 (2345/3673) 65.4 (267/408) 64.8 (193/298) 0.788
Fertilization rate 87.5 (2670/3052) 84.2 (266/316) 85.3 (191/224) 0.178
No. of embryos transferred 1246 (2.8 £0.7) 137 (25+1.0)" 98 (2.7+£1.3) 0.038
Clinical pregnancy rate/ET cycle 34.5 (152/441) 34.6 (18/52) 25.7 (9/35) 0.571
Embryo implantation rate 15.2 (190/1246) 16.1 (22/137) 10.2 (10/98) 0.377
Cumulative live birth rate 69.1 (105/152) 66.7 (12/18) 66.7(6/9) 0.969
Singleton 88 (83.8) 10 (83.3) 6 (100.0%) 0.562
Twin 16 (15.2) 2(16.7) 0

Triplets 1(1.0) 0 0

Miscarriage rate/clinical pregnancy 27.0 (47/152) 33.3(6/18) 33.3(3/9) 0.969

Values are mean * SD unless otherwise specified. Abbreviation: DF: dominant follicle. “Significant difference compared with
Group A. Abbreviations: No: number; FSH: follicle-stimulating hormone; LH: luteinizing hormone.

In Group A, an average of 2.0 + 1.7 in vivo matured

oocytes were retrieved, which was significantly higher
than the averages in Group B (1.3 £ 1.3) and Group C
(11 + 15) (P < 0.01). However, the average of
immature oocytes retrieved showed no differences as
well as the rates of in vitro maturation and fertilization
among three groups. The clinical pregnancy rates per
transfer cycle were 34.5%, 34.6% and 25.7%
respectively for Group A, B and C. There was no
significant ~ difference in  clinical  pregnancy,
implantation, live birth and miscarriage rates among the
three groups.

Table 2 demonstrates the clinical outcomes based on
whether the mature oocytes were retrieved from the

small

follicles

in Group B and Group C. No

differences were observed in the rates of in vitro
maturation, fertilization and the cleavage rate no
matter with or without in vivo matured oocyte from
small follicles in Group B and C. Also, there were no
significant differences were observed for clinical
pregnancy rates, implantation rates, live birth rates as
well as miscarriage rates among between the
subgroups of Group B and Group C. However, live
birth rates of 40.0% in Group B and 60.0% in Group C
were reduced with the retrieval of only immature
oocytes from small follicles as opposed to the rates of
76.9% and 75.0% in Group B and Group C,
respectively, with the retrieval of in vivo matured
oocytes from small follicles. The miscarriage rates of
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60.0% for Group B and 40.0% for Group C without
the retrieval of mature oocytes were higher than the
miscarriage rates of 23.1% and 25.0% with 23.1% and
25.0% with the retrieval of mature oocytes for Group
B1 and Group C1, respectively.

DISCUSSION

The present study displays a clear model of dominant
follicle at the retrieval time in natural cycle IVF/M
treatment and demonstrates that the clinical outcomes of
NC-IVF/M were not significantly influenced by the
retrieval of oocyte from dominant follicle or the DF
ovulation at the time of retrieval. Follicle selection has
been documented to occur only once from a single
cohort of antral follicles in the early- to mid- follicular
phase of the menstrual cycle, and then to develop and to
ovulate [11]. The selection of a dominant follicle is
generally believed to suppress the development of
subordinate follicles and to initiate the atresia of the
small antral follicles. However, more recent research
suggests that selection may occur more than once in

approximately one-quarter of apparently healthy women
[15]. To date, most of the understanding of folliculo-
genesis and ovulation have come from animal models,
especially from domestic animal and primate species
[14, 31-33]. Few studies have investigated the exact
role of dominant follicle on the oocytes from cohort of
small follicles during human follicular and luteal phases
in detail. The introduction of IVM into natural cycle
IVF not only widens the possibilities of oocyte source
but also provides us opportunity with clinical outcomes
and a good model to characterize the significance of
dominant follicle selection on the small antral follicles
during the ovulatory process. In contrast to the notion of
a single dominant follicle selection from the recruited
wave, it has been documented that two or three waves
of antral follicle recruitment were recognized during
each estrous cycle, where a group of antral follicles
begin to grow simultaneously at regular intervals [15,
16]. The new wave model for folliculogenesis in ovaries
provided better opportunities for women to initiate
flexible approach to IVF programs in the late follicular
or luteal phase. The present results of oocytes

A: Oocyte from DF
retrieved successfully

B: Oocyte from DF failed
to be retrieved

C: Oocyte from DF
ovulated

In vivo matured oocytes
from DF and SF at OPU

Oocytes immature
atOPU

Oocytes immature
from SF at OPU

In vivo matured oocytes
from SF at OPU

A4

IVM

l

Fertilization on OPU day

A4

Fertilization on OPU day

Fertilition when
matured in vitro

mature oocytes are
inseminated by ICSI

l

3 days later after OPU

Embryos from mature

oocytes are on day 3 iRt

Embryos from mature and
immature oocytes are

Embryos from
immature oocytes are
on day 2

Figure 2. Study flowchart: pattern of dominant follicle at the time of retrieval. Abbreviations: DF: dominant follicle; OPU: oocyte

pickup; ICSI: intracytoplasmic sperm injection.
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Table 2. Comparison of clinical outcomes based on whether or not mature oocytes were retrieved at the time of

egg retrieval in Group B and C.

B: oocyte failed from DF at retrieval

C: DF ovulated at retrieval

Variable
Bl B2 P C1 C2 P

No. of oocyte retrieval cycles 33 21 20 17

No. of ET cycles 33 19 20 15

Age of women, years 30.8 + 38 311+40 0.833 315+3.1 315+51 0.988
No. of oocytes retrieved 106+5.1 72+31 0.008 11.0+5.7 7.9+38 0.073
No. of mature oocytes retrieved 21+10 - - 2016 -

No. of immature oocytes retrieved 8.2%49 6.6+3.1 0.210 8.56 + 4.7 7.5+3.8 0.453
Maturation rate in vitro 63.2 (170/269) 69.8(97/139)  0.185 61.4 (105/171) 69.3(88/127) 0.159
Fertilization rate 86.6 (187/216) 79.0(79/100) 0.086  83.5(111/133) 87.9(80/91) 0.356
No. of embryos transferred 27+1.0 26+0.7 0.741 30+1.1 25+1.1 0.222
Clinical pregnancy rate/ET cycle 39.4 (13/33) 26.3 (5/19) 0.340 20.0 (4/20) 33.3 (5/15) 0.615
Embryo implantation rate 17.0 (15/88) 14.3 (7/49) 0.673 8.3 (5/60) 13.2 (5/38) 0.670
live birth rate/clinical pregnancy 76.9 (10/13) 40.0 (2/5) 0.352 75.0 (3/4) 60.0 (3/5) 0.633
Miscarriage rate/clinical pregnancy 23.1 (3/13) 60.0 (3/5) 0.352 25.0 (1/4) 40.0 (2/5) 0.633

Values are mean * SD unless otherwise specified. Abbreviation: DF: dominant follicle. B1, C1: cycles with mature oocytes
were retrieved from small follicles and embryos derived from oocytes matured in vivo and in vitro; B2, C2: cycles with only
immature oocytes were retrieved from small follicles and embryos derived from oocytes matured in vitro.

from the cohort of small follicles after the dominant
follicle is ovulated may support this notion that these
oocytes came from newly developed follicles that
emerged in a wave of luteal recruitment [34-37].
Although the total number of mature oocytes retrieved
in Group A was significantly higher than that of Group
B and Group C, comparable yields were observed in the
rates of oocyte maturation, fertilization and cleavage
among these three groups. These results are similar to
the other literatures in IVM cycle [21-23]. Most of the
literatures were focused on the effects of the size of the
DF and maturity of oocytes at retrieval on the
development potential and/or clinical outcomes in
natural cycle IVF /M treatment [14, 30-32]. Moreover,
only few studies compared the laboratory parameter
between follicular phase and luteal phase [23-26].
Laboratory parameters of IVM procedure from the
follicular and the luteal phase were conducted for
fertility preservation of women with cancer in urgent
situations except that of Pongsuthirak and Vutyavanich
[35]. Therefore, there is a dramatic lack of data on the
clinical outcome of the cryopreserved oocytes or the
resultant embryos for these patients. And the clinical
outcomes from nondominant follicles after ovulation of
the dominant follicle were reported only in few cases
for women in IVF/M cycle [8, 19, 38].

Nondominant small follicles have been reported to be a
promising supplementary source of in vivo matured
oocytes and the use of oocytes from those nondominant
small follicles may increase the live birth rate in natural
cycle IVF [38]. However, only women who had the
retrieval of the DF combined with small follicles were
included in their analysis and patients whose oocyte
from the DF was not retrieved and ruptured were
excluded in the study [38]. Therefore, the exact role of
dominant follicle on the cohort of small follicles during
the follicular development and ovulation in a regular
menstrual cycle was not illustrated in detail and remains
unclear. The present study is the first to report clinical
outcomes of the oocytes derived from small follicles,
especially after the ovulation of dominant follicle. As
shown in the results of Table 1, because of the oocytes
collected from dominant follicles, the mean number of
in vivo matured oocytes and the total numbers of
oocytes in Group A was significantly higher than that in
Group B and C. However, no significant differences
were observed for clinical pregnancy rates, implantation
rates, live birth rates as well as miscarriage rates among
these three groups. Even though the number of embryos
transferred in group A with oocyte from DF retrieved
was higher than that in group B with the failure of
oocyte from DF retrieval, the clinical pregnancy rate
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was still not as high as that in group B. This just shows
that DF or the number of mature oocytes at the time of
oocyte retrieval did not affect the clinical pregnancy
rate and further illustrates the developmental potential
of oocytes from small follicles and that in vitro
maturation of immature oocytes can yield comparable
clinical pregnancy rates. Meanwhile, the present clinical
pregnancy (25.7%) and implantation (10.2%) rates were
much higher when DF had ovulated than the rates when
the DF diameter was > 14 mm (17.1% and 4.9%,
respectively) in the study of Son et al. (2008, 22).
Despite the failure of oocyte retrieval from DF or the
ovulation of DF, our results indicate that the healthy
oocytes with the maturational and developmental
competence could be yielded from the nondominant
follicles and could become competent for implantation
and live birth. Surprisingly, mature oocytes can also be
retrieved from subordinate small follicles when the DF
is not retrieved or ovulated in both Group B and C
(Table 2). Accordingly, the pregnancy rate of 39.4%
with in vivo matured oocytes was higher than the rate of
26.3% of only immature oocytes retrieved in Group B.
The mature oocytes from nondominant follicles
increased the number of both good-quality blastocysts
and resulted in live births with no oocyte from the DF in
modified natural cycle IVF [38]. The nondominant
follicle-derived matured oocytes yielded 22.1%
blastocysts and 10.5% clinical pregnancy rate. And the
DF derived-matured oocytes yielded 52.6% blastocysts
and 24.7% clinical pregnancy rate in their study. From
our results, when the oocyte was failed to be obtained
from the DF or ovulated from DF, the immature oocytes
were also a promising source in natural cycle IVF
treatment, which produced higher clinical pregnancy
than only matured oocytes retrieved from nondominant
and dominant follicles.

The present results of clinical pregnancy rate (26.3%)
from the retrieval of only immature oocytes in Group B
was comparable to 9.1% [30] and 34.5% [28] of the
retrieval of mature oocytes from both DF and small
follicles. The embryos from in vitro-matured oocytes
were diagnosed as chromosomally normal for the
chromosome analysis as from in vivo—matured oocyte in
natural cycle IVF/M treatment [39]. These results
demonstrate that immature oocytes from the cohort of
small follicles are a promising source as they can not
only produce healthy mature oocytes following VM
[40] but can contribute to the overall pregnancy success
when exposed to dominant follicle of any conditions.
Therefore, it is recommended to continue to retrieve
oocytes from small follicles even with an ovulated DF
on retrieving day in NC-IVF/M treatment.

In conclusion, developmentally competent oocytes as
well as comparable clinical yields could be produced

from subordinate follicles in any phase of the menstrual
cycle when a significant dominant follicle has
developed or ovulated. These demonstrate that natural
cycle IVF/M is a promising alternative for infertility
treatment. Furthermore, with the opportunity for IVM to
be improved and optimized, the complete development
of an immature oocyte is to be ensured in the future. In
addition, the pregnancy outcome and neonatal data in
natural cycle I'VF/M still needs to be classified.

AUTHOR CONTRIBUTIONS

Conceived and designed the experiments: Ye Xu and
Ri-Cheng Chian. Performed the experiments: Jian Hua
Li and Tie-Cheng Sun. Analyzed the data: Shui Wen
Zhang, Yan Bin Cheng, Pan Dong and Ting Ting Jiao.
Wrote the paper: Jian Hua Li, Tie-Cheng Sun and Ri-
Cheng Chian.

ACKNOWLEDGMENTS

We are grateful to Prof. Xi Chen at Peking University
people’ hospital for her help editing the manuscript.

CONFLICTS OF INTEREST

The authors declare no conflicts of interest related to
this study.

FUNDING

This work was Supported by the National Natural
Science Foundation of China (81401271).

REFERENCES

1. Steptoe PC, Edwards RG. Birth after the
reimplantation of a human embryo. Lancet. 1978;
2:366.
https://doi.org/10.1016/s0140-6736(78)92957-4
PMID:79723

2. Jones HW Jr, Jones GS, Andrews MC, Acosta A, Bundren
C, Garcia J, Sandow B, Veeck L, Wilkes C, Witmyer J,
Wortham JE, Wright G. The program for in vitro
fertilization at Norfolk. Fertil Steril. 1982; 38:14-21.
PMID:7095165

3. Porter RN, Smith W, Craft IL, Abdulwahid NA, Jacobs
HS. Induction of ovulation for in-vitro fertilisation
using buserelin and gonadotropins. Lancet. 1984;
2:1284-5.
https://doi.org/10.1016/s0140-6736(84)92840-x
PMID:6150318

4. Heijnen EM, Eijkemans MJ, Hughes EG, Laven JS,
Macklon NS, Fauser BC. A meta-analysis of

wWww.aging-us.com

4735

AGING


https://doi.org/10.1016/s0140-6736(78)92957-4
https://pubmed.ncbi.nlm.nih.gov/79723
https://pubmed.ncbi.nlm.nih.gov/7095165
https://doi.org/10.1016/s0140-6736(84)92840-x
https://pubmed.ncbi.nlm.nih.gov/6150318

10.

11.

12.

13.

outcomes of conventional IVF in women with
polycystic ovary syndrome. Hum Reprod Update.
2006; 12:13-21.
https://doi.org/10.1093/humupd/dmi036
PMID:16123051

. Wang R, Lin S, Wang Y, Qian W, Zhou L. Comparisons

of GnRH antagonist protocol versus GnRH agonist
long protocol in patients with normal ovarian reserve:
A systematic review and meta-analysis. PLoS One.
2017; 12:e0175985.
https://doi.org/10.1371/journal.pone.0175985
PMID:28437434

. Rinaldi L, Lisi F, Selman H. Mild/minimal stimulation

protocol for ovarian stimulation of patients at high
risk of developing ovarian hyperstimulation
syndrome. J Endocrinol Invest. 2014; 37:65-70.
https://doi.org/10.1007/s40618-013-0021-1
PMID:24464452

. Lim JH, Yang SH, Chian RC. New alternative to

infertility treatment for women without ovarian
stimulation. Reprod Biomed Online. 2007; 14:547-9.
https://doi.org/10.1016/s1472-6483(10)61042-5
PMID:17509189

. Chian RC, Buckett WM, Abdul Jalil AK, Son WY,

Sylvestre C, Rao D, Tan SL. Natural-cycle in vitro
fertilization combined with in vitro maturation of
immature oocytes is a potential approach in infertility
treatment. Fertil Steril. 2004; 82:1675-8.
https://doi.org/10.1016/j.fertnstert.2004.04.060
PMID:15589878

. Robker RL, Hennebold JD, Russell DL. Coordination of

Ovulation and Oocyte Maturation: A Good Egg at the
Right Time. Endocrinology. 2018; 159:3209-18.
https://doi.org/10.1210/en.2018-00485
PMID:30010832

Hodgen GD. The dominant ovarian follicle. Fertil
Steril. 1982; 38:281-300.
PMID:6811331

Pache TD, WIladimiroff JW, de Jong FH, Hop WC,
Fauser BC. Growth patterns of nondominant ovarian
follicles during the normal menstrual cycle. Fertil
Steril. 1990; 54:638-42.
https://doi.org/10.1016/s0015-0282(16)53821-7
PMID:2209884

Pellicer A, Gaitan P, Neuspiller F, Ardiles G, Albert C,
Remohi J, Simén C. Ovarian follicular dynamics: from
basic science to clinical practice. J Reprod Immunol.
1998; 39:29-61.
https://doi.org/10.1016/s0165-0378(98)00012-6
PMID:9786452

McGee EA, Hsueh AJ. Initial and cyclic recruitment of
ovarian follicles. Endocr Rev. 2000; 21:200-14.

14.

15.

16.

17.

18.

19.

20.

21.

https://doi.org/10.1210/edrv.21.2.0394
PMID:10782364

Chian RC, Chung JT, Downey BR, Tan SL. Maturational
and developmental competence of immature oocytes
retrieved from bovine ovaries at different phases of
folliculogenesis. Reprod Biomed Online. 2002; 4:127-32.
https://doi.org/10.1016/s1472-6483(10)61929-3
PMID:12470574

Baerwald AR, Adams GP, Pierson RA. A new model for
ovarian follicular development during the human
menstrual cycle. Fertil Steril. 2003; 80:116-22.
https://doi.org/10.1016/s0015-0282(03)00544-2
PMID:12849812

Baerwald AR, Adams GP, Pierson RA. Characterization
of ovarian follicular wave dynamics in women. Biol
Reprod. 2003; 69:1023-31.
https://doi.org/10.1095/biolreprod.103.017772
PMID:12748128

Baerwald A, Pierson R. Ovarian follicular waves during
the menstrual cycle: physiologic insights into novel
approaches for ovarian stimulation. Fertil Steril. 2020;
114:443-57.
https://doi.org/10.1016/j.fertnstert.2020.07.008
PMID:32912608

Xu'Y, Li J, Zhou G, Guo J. Clinical outcomes for various
causes of infertility with natural-cycle in vitro
fertilization combined with in vitro maturation of
immature oocytes. Fertil Steril. 2010; 94:777-80.
https://doi.org/10.1016/].fertnstert.2009.09.060
PMID:19909949

Li J, Xu Y, Zhou G, Guo J, Xin N. Natural cycle IVF/IVM
may be more desirable for poor responder patients
after failure of stimulated cycles. J Assist Reprod
Genet. 2011; 28:791-5.
https://doi.org/10.1007/s10815-011-9597-6
PMID:21695516

Gonzdlez-Ortega C, Pifa-Aguilar RE, Cancino-Villarreal
P, Pérez-Pefia E, Gutiérrez-Gutiérrez AM. Natural-
cycle in vitro fertilization (IVF) combined with in vitro
maturation in infertile patients with polycystic
ovarian syndrome (PCOS) requiring IVF. Taiwan J
Obstet Gynecol. 2019; 58:192-5.
https://doi.org/10.1016/j.tjog.2019.01.004
PMID:30910137

Cobo AC, Requena A, Neuspiller F, Aragon s M,
Mercader A, Navarro J, Simén C, Remohi J, Pellicer A.
Maturation in vitro of human oocytes from
unstimulated cycles: selection of the optimal day for
ovum retrieval based on follicular size. Hum Reprod.
1999; 14:1864-8.
https://doi.org/10.1093/humrep/14.7.1864
PMID:10402406

wWww.aging-us.com

AGING


https://doi.org/10.1093/humupd/dmi036
https://pubmed.ncbi.nlm.nih.gov/16123051
https://doi.org/10.1371/journal.pone.0175985
https://pubmed.ncbi.nlm.nih.gov/28437434
https://doi.org/10.1007/s40618-013-0021-1
https://pubmed.ncbi.nlm.nih.gov/24464452
https://doi.org/10.1016/s1472-6483(10)61042-5
https://pubmed.ncbi.nlm.nih.gov/17509189
https://doi.org/10.1016/j.fertnstert.2004.04.060
https://pubmed.ncbi.nlm.nih.gov/15589878
https://doi.org/10.1210/en.2018-00485
https://pubmed.ncbi.nlm.nih.gov/30010832
https://pubmed.ncbi.nlm.nih.gov/6811331
https://doi.org/10.1016/s0015-0282(16)53821-7
https://pubmed.ncbi.nlm.nih.gov/2209884
https://doi.org/10.1016/s0165-0378(98)00012-6
https://pubmed.ncbi.nlm.nih.gov/9786452
https://doi.org/10.1210/edrv.21.2.0394
https://pubmed.ncbi.nlm.nih.gov/10782364
https://doi.org/10.1016/s1472-6483(10)61929-3
https://pubmed.ncbi.nlm.nih.gov/12470574
https://doi.org/10.1016/s0015-0282(03)00544-2
https://pubmed.ncbi.nlm.nih.gov/12849812
https://doi.org/10.1095/biolreprod.103.017772
https://pubmed.ncbi.nlm.nih.gov/12748128
https://doi.org/10.1016/j.fertnstert.2020.07.008
https://pubmed.ncbi.nlm.nih.gov/32912608
https://doi.org/10.1016/j.fertnstert.2009.09.060
https://pubmed.ncbi.nlm.nih.gov/19909949
https://doi.org/10.1007/s10815-011-9597-6
https://pubmed.ncbi.nlm.nih.gov/21695516
https://doi.org/10.1016/j.tjog.2019.01.004
https://pubmed.ncbi.nlm.nih.gov/30910137
https://doi.org/10.1093/humrep/14.7.1864
https://pubmed.ncbi.nlm.nih.gov/10402406

22.

23.

24,

25.

26.

27.

28.

29.

Son WY, Chung JT, Herrero B, Dean N, Demirtas E,
Holzer H, Elizur S, Chian RC, Tan SL. Selection of the
optimal day for oocyte retrieval based on the
diameter of the dominant follicle in hCG-primed in
vitro maturation cycles. Hum Reprod. 2008;
23:2680-5.

https://doi.org/10.1093/humrep/den332
PMID:18775885

Son WY, Chung JT, Dahan M, Reinblatt S, Tan SL,
Holzer H. Comparison of fertilization and embryonic
development in sibling in vivo matured oocytes
retrieved from different sizes follicles from in vitro
maturation cycles. J Assist Reprod Genet. 2011,
28:539-44.
https://doi.org/10.1007/s10815-010-9527-z
PMID:21188494

Mikkelsen AL, Smith SD, Lindenberg S. In-vitro
maturation of human oocytes from regularly
menstruating women may be successful without
follicle stimulating hormone priming. Hum Reprod.
1999; 14:1847-51.
https://doi.org/10.1093/humrep/14.7.1847
PMID:10402403

Russell JB. Immature oocyte retrieval combined with
in-vitro oocyte maturation. Hum Reprod. 1998
(Suppl 3); 13:63-70.
https://doi.org/10.1093/humrep/13.suppl_3.63
PMID:9755415

Le Du A, Kadoch 1J, Bourcigaux N, Doumerc S, Bourrier
MC, Chevalier N, Fanchin R, Chian RC, Tachdjian G,
Frydman R, Frydman N. In vitro oocyte maturation for
the treatment of infertility associated with polycystic
ovarian syndrome: the French experience. Hum
Reprod. 2005; 20:420-4.
https://doi.org/10.1093/humrep/deh603
PMID:15528263

Thornton MH, Francis MM, Paulson RJ. Immature
oocyte retrieval: lessons from unstimulated IVF
cycles. Fertil Steril. 1998; 70:647-50.
https://doi.org/10.1016/s0015-0282(98)00274-x
PMID:9797092

Yang SH, Patrizio P, Yoon SH, Lim JH, Chian RC.
Comparison of pregnancy outcomes in natural cycle
IVF/M treatment with or without mature oocytes
retrieved at time of egg collection. Syst Biol Reprod
Med. 2012; 58:154-9.
https://doi.org/10.3109/19396368.2012.655403
PMID:22300260

Son WY, Chung JT, Demirtas E, Holzer H, Sylvestre C,
Buckett W, Chian RC, Tan SL. Comparison of in-vitro
maturation cycles with and without in-vivo matured
oocytes retrieved. Reprod Biomed Online. 2008;
17:59-67.

30.

31.

32.

33.

34.

35.

36.

37.

https://doi.org/10.1016/s1472-6483(10)60294-5
PMID:18616892

Son WY, Chung JT, Das M, Buckett W, Demirtas E,
Holzer H. Fertilization, embryo development, and
clinical outcome of immature oocytes obtained from
natural cycle in vitro fertilization. J Assist Reprod
Genet. 2013; 30:43-7.
https://doi.org/10.1007/s10815-012-9889-5
PMID:23179385

Xu J, Xu F, Letaw JH, Park BS, Searles RP, Ferguson
BM.  Anti-Mdllerian  hormone is  produced
heterogeneously in primate preantral follicles and is a
potential biomarker for follicle growth and oocyte
maturation in vitro. J Assist Reprod Genet. 2016;
33:1665-75.
https://doi.org/10.1007/s10815-016-0804-3
PMID:27638727

Stringfellow DA, Riddell MG, Riddell KP, Carson RL,
Smith RC, Gray BW, Wright JC. Use of in vitro
fertilization for production of calves from involuntary
cull cows. J Assist Reprod Genet. 1993; 10:280-5.
https://doi.org/10.1007/BF01204943

PMID:8130434

Smith LC, Olivera-Angel M, Groome NP, Bhatia B,
Price CA. Oocyte quality in small antral follicles in the
presence or absence of a large dominant follicle in
cattle. J Reprod Fertil. 1996; 106:193-9.
https://doi.org/10.1530/jrf.0.1060193

PMID:8699401

Creux H, Monnier P, Son WY, Tulandi T, Buckett W.
Immature oocyte retrieval and invitro oocyte
maturation at different phases of the menstrual cycle
in women with cancer who require urgent gonadotoxic
treatment. Fertil Steril. 2017; 107:198-204.
https://doi.org/10.1016/].fertnstert.2016.09.041
PMID:27810160

Pongsuthirak P, Vutyavanich T. Developmental
competence of in vitro-matured human oocytes
obtained from pregnant and non-pregnant women.
Clin Exp Reprod Med. 2018; 45:189-94.
https://doi.org/10.5653/cerm.2018.45.4.189
PMID:30538950

Maman E, Meirow D, Brengauz M, Raanani H, Dor J,
Hourvitz A. Luteal phase oocyte retrieval and in vitro
maturation is an optional procedure for urgent
fertility preservation. Fertil Steril. 2011; 95:64—7.
https://doi.org/10.1016/].fertnstert.2010.06.064
PMID:20688325

Grynberg M, Poulain M, le Parco S, Sifer C, Fanchin
R, Frydman N. Similar in vitro maturation rates of
oocytes retrieved during the follicular or luteal
phase offer flexible options for urgent fertility

wWww.aging-us.com

4737

AGING


https://doi.org/10.1093/humrep/den332
https://pubmed.ncbi.nlm.nih.gov/18775885
https://doi.org/10.1007/s10815-010-9527-z
https://pubmed.ncbi.nlm.nih.gov/21188494
https://doi.org/10.1093/humrep/14.7.1847
https://pubmed.ncbi.nlm.nih.gov/10402403
https://doi.org/10.1093/humrep/13.suppl_3.63
https://pubmed.ncbi.nlm.nih.gov/9755415
https://doi.org/10.1093/humrep/deh603
https://pubmed.ncbi.nlm.nih.gov/15528263
https://doi.org/10.1016/s0015-0282(98)00274-x
https://pubmed.ncbi.nlm.nih.gov/9797092
https://doi.org/10.3109/19396368.2012.655403
https://pubmed.ncbi.nlm.nih.gov/22300260
https://doi.org/10.1016/s1472-6483(10)60294-5
https://pubmed.ncbi.nlm.nih.gov/18616892
https://doi.org/10.1007/s10815-012-9889-5
https://pubmed.ncbi.nlm.nih.gov/23179385
https://doi.org/10.1007/s10815-016-0804-3
https://pubmed.ncbi.nlm.nih.gov/27638727
https://doi.org/10.1007/BF01204943
https://pubmed.ncbi.nlm.nih.gov/8130434
https://doi.org/10.1530/jrf.0.1060193
https://pubmed.ncbi.nlm.nih.gov/8699401
https://doi.org/10.1016/j.fertnstert.2016.09.041
https://pubmed.ncbi.nlm.nih.gov/27810160
https://doi.org/10.5653/cerm.2018.45.4.189
https://pubmed.ncbi.nlm.nih.gov/30538950
https://doi.org/10.1016/j.fertnstert.2010.06.064
https://pubmed.ncbi.nlm.nih.gov/20688325

38.

39.

preservation in breast cancer patients. Hum Reprod.
2016; 31:623-9.
https://doi.org/10.1093/humrep/dev325
PMID:26759139

Teramoto S, Osada H, Sato Y, Shozu M. Nondominant
small follicles are a promising source of mature
oocytes in modified natural cycle in vitro fertilization
and embryo transfer. Fertil Steril. 2016; 106:113-8.
https://doi.org/10.1016/].fertnstert.2016.03.015
PMID:27041027

Ao A, Jin S, Rao D, Son WY, Chian RC, Tan SL. First
successful pregnancy outcome after preimplantation
genetic diagnosis for aneuploidy screening in
embryos generated from natural-cycle in vitro
fertilization combined with an in vitro maturation
procedure. Fertil Steril. 2006; 85:1510.e9-11.
https://doi.org/10.1016/j.fertnstert.2005.10.066
PMID:16616742

40. Lim JH, Yang SH, Xu Y, Yoon SH, Chian RC. Selection of

patients for natural cycle in vitro fertilization
combined with in vitro maturation of immature
oocytes. Fertil Steril. 2009; 91:1050-5.
https://doi.org/10.1016/j.fertnstert.2008.01.066

PMID:18367180

wWww.aging-us.com

4738

AGING


https://doi.org/10.1093/humrep/dev325
https://pubmed.ncbi.nlm.nih.gov/26759139
https://doi.org/10.1016/j.fertnstert.2016.03.015
https://pubmed.ncbi.nlm.nih.gov/27041027
https://doi.org/10.1016/j.fertnstert.2005.10.066
https://pubmed.ncbi.nlm.nih.gov/16616742
https://doi.org/10.1016/j.fertnstert.2008.01.066
https://pubmed.ncbi.nlm.nih.gov/18367180

