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Abstract

Purpose This study aimed to induce follicular wave emer-
gence (FWE) using pharmacological (recombinant hCG ad-
ministration) or mechanical (aspiration of dominant follicle)
interventions in infertile women.

Methods Sixteen infertile women (<35 years) with indications
for in vitro fertilization due to tubal and/or male factor infer-
tility were randomized into three groups: control (n=6), phar-
macological (n=5) and mechanical (n=5) groups. Women in
both experimental groups underwent serial transvaginal sono-
grams (TVS) from menstrual cycle day 10 until identification
of a dominant follicle >15 mm. Women in the pharmacolog-
ical group received 250 pg of recombinant-hCG to induce
ovulation, and resumed serial TVS 2 days later. In the me-
chanical group, dominant and subordinate follicles >10 mm
were aspirated, and daily TVS was resumed on the following
day. An increased pool of follicles >5 and <9 mm after
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interventions characterized FWE. Women in the control group
underwent ovulation induction (OI) with 150 IU/day of re-
combinant follicle-stimulating hormone started on menstrual
cycle day 3 (D3). OI was started on the day of FWE in the
experimental groups. Endometrial asynchrony with develop-
ment of the embryo was expected in the experimental groups.
Therefore, all viable embryos were cryopreserved and trans-
ferred in an endometrial-stimulated cycle.

Results The number of follicles >5 and <9 mm increased after
the interventions in both experimental groups (p<.001), indi-
cating induction of FWE. OI outcomes were similar among
the groups.

Conclusions The pharmacological and mechanical interven-
tions are efficient in inducing FWE; outcomes of Ol synchro-
nized with FWE should be further investigated.

Keywords Assisted reproductive treatment - Ovulation
induction - Luteal phase - Follicular wave emergence

Introduction

Proper use of exogenous gonadotropins for ovulation in-
duction (OI) relies on a comprehensive knowledge of ovar-
ian physiology [1]. According to the most accepted model
of human folliculogenesis, follicles continuously and ran-
domly grow from the primordial pool to reach the antral
stage, acquiring follicle-stimulating hormone (FSH) and
luteinizing hormone receptors [2—5]. The early follicular
phase of the menstrual cycle is propitious for follicular de-
velopment, while the luteal phase exhibits low follicular
growth activity. Based on this model, OI is recommended
to start on menstrual cycle day 3 (D3) in most protocols, to
allow growth of a cohort of follicles.
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Serial ultrasonography scanning was first used to evaluate
the behavior of antral follicles in farm animals, showing that
they do not develop randomly but rather in synchronized
groups called follicular waves (FWs) [6]. Synchronizing the
beginning of OI with follicular wave emergence (FWE) re-
sults in an improved ovarian response to treatment [7, 8], so
strategies for inducing FWE are currently an integral part of
Ol protocols in some domestic animal species [9—11]. The FW
phenomenon has also recently been observed in women [12,
13]. Interestingly, however, evaluation of current OI protocols
for assisted reproductive treatment (ART) according to the
FW model shows that the start of gonadotropin stimulation
is not synchronized with wave emergence [14].

Considering the similarities of folliculogenesis in large an-
imals and humans [15, 16], we hypothesize that synchronizing
OI with FWE would also benefit humans. Therefore, the ob-
jective of this pilot, randomized, controlled trial was to eval-
uate the effect of two strategies to induce FWE in infertile
women. The first was pharmacological, involving the admin-
istration of recombinant human chorionic gonadotropin (rec-
hCG). The other strategy was mechanical, involving aspira-
tion of the dominant follicle. Additionally, we aimed to eval-
uate the feasibility of synchronized OI with an induced FWE
comparing it with a conventional OI protocol starting on D3.

Materials and methods
Patients

The inclusion criteria of this pilot, parallel, randomized, pro-
spective trial were as follows: (1) infertile couples with tubal
or male factor infertility requiring IVF treatment; (2) women’s
age <35 years, (3) body mass index (BMI) between 19 and
30 kg/m?; (4) day 3 serum FSH levels <12 mIU/mL and serum
estradiol levels <80 pg/mL; (5) antral follicle count >10 and
<25; (6) absence of uterine anomalies according to recent
(<6 months) transvaginal sonography (TVS) and/or hysteros-
copy; and (7) male partner <50 years old with >5 million
motile spermatozoa on semen analysis. The exclusion criteria
were as follows: (1) infertility caused by an ovarian factor; (2)
failure to identify one or both ovaries on TVS; (3) untreated
endocrine disorders; and (4) a smoking habit.

Our Hospital’s Ethics Committee approved this study;
women were enrolled only after signing a written informed
consent.

Randomization
The participants were randomized into one of three groups
(control, experimental group 1 [pharmacological group], and

experimental group 2 [mechanical group]) (1:1:1) by a
computer-generated numerical sequence. The sequence was
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kept concealed from the main investigator. The chief nurse
of the infertility unit allocated patients into the groups accord-
ing to the computerized sequence. The investigator and the
participants were not blinded to the allocation.

Ol
Control group

Women in the control group received oral contraceptive pills
(OC; 0.03 mg of ethinyl estradiol and 0.15 mg of levonorges-
trel) as needed to schedule procedures avoiding weekends. On
the second day of the menstrual cycle following OC discon-
tinuation, the women undertook TVS. In the absence of ovar-
ian cysts >10 mm in diameter, they received 150 IU of recom-
binant FSH (rec-FSH; follitropin alfa; Gonal F®; Merck
Serono, Sao Paulo, Brazil) subcutaneously on a daily basis
from cycle D3 onwards. Follicular development was assessed
by TVS on the fifth day of OI and every other day until >2
dominant follicles reached >18 mm. The rec-FSH dose was
increased by 75 IU on the fifth day of OI if the number of
growing follicles was <4 or if the mean diameter of the largest
follicle was <10 mm. The daily rec-FSH dose was decreased
by 75 IU on the fifth day of OI if >15 growing follicles were
identified. When the larger follicles reached a mean diameter
of 13—14 mm, a daily subcutaneous dose of 0.25 mg of
cetrorelix acetate (Cetrotide®, Merck Serono) was adminis-
tered. When at least two follicles reached a mean diameter
of 18 mm, 250 pg of rec-hCG (choriogonadotropin alfa,
Ovidrel®, Merck Serono) was administered, and follicular as-
piration was scheduled for 35-36 h later.

Experimental groups

The women in the experimental groups also received OC as
needed to schedule procedures. Daily TVS was performed
from menstrual cycle 10 following OC discontinuation until
a dominant follicle reached 15 mm in diameter. From this time
onwards, the experimental groups were subdivided into two
groups: (1) in the pharmacological group, women received
250 pg of rec-hCG subcutaneously to trigger ovulation. This
was followed by daily TVS starting 2 days after the interven-
tion to monitor ovulation and FWE; (2) in the mechanical
group, women were submitted to aspiration of the dominant
follicle through a TVS-guided puncture under mild sedation.
Daily TVS was performed starting on the day after the
aspiration.

For both groups, FWE was defined as an increase in the
number of follicles >5 and <9 mm in mean diameter at TVS
[12]. Women from both experimental groups started the OI
protocol as described for the control group on the day of FWE.
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In vitro fertilization and cryopreservation of embryos

Mature oocytes were fertilized by intracytoplasmic sperm in-
jection with a fresh, ejaculated and processed semen sample
obtained from the male partner on the same day of oocyte
retrieval [17]. Evaluation and classification of embryos were
performed on the 3rd day of in vitro development according to
international standards [18]. The proportion of embryos with
good morphology on day D3 relative to the total number of
embryos (good quality rate) was compared between the
groups.

Because Ol in the experimental groups began in the luteal
phase of the menstrual cycle, asynchrony between embryo
development and endometrial growth was anticipated. There-
fore, all embryos from all groups were cryopreserved on the
3rd day of embryonic development. Cryopreservation was
performed by vitrification using a kit (Irvine Scientific, Santa
Ana, CA) according to the manufacturer’s instructions.

Frozen/thawed embryo transfer (FET)

All subjects underwent hormonal stimulation of the endome-
trium for FET. FET started on D2 of a spontaneous menstrual
cycle following oocyte retrieval. We used a protocol contain-
ing 2 mg of oral estradiol valerate dispensed twice daily over
14 days. Endometrial growth was monitored by TVS on a
weekly basis until its thickness reached >8 mm (after at least
14 days of estradiol intake). When this thickness was
achieved, a vaginal daily dose of 600 mg of natural micron-
ized progesterone was added.

Four days later, pre-embryos were thawed according to the
manufacturer’s instructions (Irvine Scientific). Blastomere
survival rate was assessed post-thawing; only embryos with
>80 % of blastomeres surviving the cryopreservation/
warming process were suitable for transfer to the uterus.
Two embryos were transferred to each woman. The remaining
viable embryos were kept cryopreserved. Twelve days after
FET, serum 3-hCG levels were quantitatively determined to
test for pregnancy.

Outcomes

The primary outcome was the presence of FWE after the in-
terventions and the variation in follicle number (the number of
follicles post-intervention minus the number of follicles pre-
intervention). Secondary outcomes were the length of OI, the
total dose of gonadotropins required for OI, the number of
retrieved oocytes, and the rate of good quality embryos on D3.

Statistical analyses

This pilot study was designed to examine the feasibility of
pharmacological and mechanical interventions to achieve

FWE. Quantitative baseline characteristics are shown as the
mean=standard error of the mean. Because of the small sam-
ple size, data were compared using the non-parametrical
Kruskal-Wallis test (for comparisons between three groups)
or Mann—Whitney test (for comparisons between two groups).
Qualitative baseline characteristics are described as propor-
tions, and associations between the groups were evaluated
using Fisher’s exact test [19]. Analysis of variance with two
measures and two factors was used to compare more than one
variable between groups. When a difference was found,
Tukey’s and Bonferroni’s multiple comparisons were carried
out [20]. The level of significance was set at 5 %.

Results

A flow diagram of the study is shown in Fig. 1. All patients
were randomized and completed the assigned protocol. Data
were collected between August 2012 and June 2013. The
baseline characteristics of the groups were statistically similar
(Table 1), with two exceptions. The mean women’s age was
significantly higher in the pharmacological group (p=.039)
than in the other groups. Second, the interval between the
end of OC use and the beginning of OI was significantly
shorter in the control group (p=.016) than in the experimental
groups. However, this difference was expected because of the
study design for mechanical and pharmacological groups,
which initiated the Ol in the luteal phase of the cycle preceded
by OC use. Differences were also observed between groups in
the proportion of women with primary versus secondary in-
fertility and in the rate of patients that used OC before OI;
however, these differences were not statistically significant,
probably because of the small sample size.

The time of the menstrual cycle when the interventions
were performed was similar in the pharmacological (day 11
+3.5 days) and mechanical (12+1.6 days) groups (p=.196). A
significant increase in the number of follicles >5 and <9 mm
was observed in every patient in the experimental groups
2 days after pharmacological intervention and 1 day after me-
chanical intervention (p<.05) (Fig. 2), which demonstrated
induction of FWE. The number of follicles >5 and <9 mm
was similar between the two experimental groups before and
after the interventions (p=.591). Multiple linear regression
analysis showed that the magnitude of increase in the number
of small follicles (the number of follicles after interventions
minus before interventions) was not influenced by the type of
intervention (mechanical or pharmacological) performed to
induce a FWE, adjusting for women’s age and antral follicle
count (Table 2).

Because the primary objective of this study was to evaluate
the FWE independent of the type of intervention used, we
calculated the study power using a paired test comparing
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Fig. 1 Study flow diagram

Women that met the inclusion criteria
(N=16)

Randomization

Control group

(N=6)

No patient was lost to follow
All participate in the analysis

two related means, based on the difference between the num-
ber of follicles before and after interventions in each of the
experimental groups. For the pharmacological intervention,
the sample power was 0.85 (follicle mean number pre-inter-
vention=28.8; follicle mean number post-intervention=15.8,
standard deviation of difference=3.9; sample size=5). For
the mechanical intervention, the sample power was 0.98 (fol-
licle mean number pre-intervention=11.6; follicle mean num-
ber post-intervention=16.4; standard deviation of difference=
1.92; sample size=5).

The overall secondary outcome performance data were
similar among groups (Table 3). Of note, three women in the
pharmacological and mechanical groups required an increase
in the daily rec-FSH dose during OI, but this was not neces-
sary in the control group. There were also no differences
among the three groups regarding the absolute number of
retrieved oocytes, the proportion of oocytes relative to the
number of follicles mapped by TVS at the end of OI, as well
as the proportion of oocytes retrieved according to the number
of follicles present at the beginning of OI. The proportion of
good quality embryos at day 3 of in vitro development (good
quality rate) was also similar between the experimental and
the control groups. However, these results should be
interpreted with caution because this study is underpowered
to compare differences in outcomes of Ol protocols.

All thawed embryos had more than 80 % of blastomeres
surviving the cryopreservation/warming process. FET result-
ed in one pregnancy in the control group (biochemical preg-
nancy), one pregnancy and a live birth in the pharmacological
group, and three pregnancies in the mechanical group (one
clinical pregnancy terminated with a spontaneous miscarriage
at 8 weeks of gestation and two biochemical pregnancies).
The pregnancy rates were not compared among groups be-
cause of the small sample sizes.

Discussion
The present study is the first to evaluate the effect of two

strategies (pharmacological and mechanical) to promote a
FWE to synchronize OI for ART in humans. This study has
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“hCG” group
(N=5)
No patient was lost to follow
All participate in the analysis

“aspiration” group
(N=5)
No patient was lost to follow
All participate in the analysis

sufficient power to conclude that both interventions were ef-
ficient in inducing a FWE, which was our primary outcome.
Additionally, both interventions resulted in similar magni-
tudes of increase in the number of follicles >5 and <9 mm.

The observation of follicular wave patterns in women’s
ovaries has changed the paradigm of human follicular dynam-
ics, resulting in a new field for investigation. OI might also be
possible at other times during the menstrual cycle, rather than
solely at the follicular phase. Furthermore, this understanding
has provided the opportunity to reevaluate current Ol proto-
cols according to experience with appropriate animal models.

Synchronizing the start of OI with the first day of FWE is
associated with a higher response to superovulation in some
animal species [7, 8]. However, detection of natural emer-
gence imposes some limitations on the need for frequent
transvaginal ultrasound examinations, and also conditions OI
to specific moments during the estrous cycle. Therefore, con-
trolling a FWE offers some technical advantages in animal
species.

Baerwald et al. [21] previously reported a higher number of
growing follicles and higher serum estradiol levels when OI
was started on the first day of the menstrual cycle in women
(i.e., the expected time of a natural FWE for most women)
[12]. Still, the numbers of metaphase II oocytes retrieved,
cleavage stage embryos and blastocysts were not increased,
and implantation and pregnancy rates were lower when OI
started on day 1 of the menstrual cycle. However, a FWE
was not confirmed before the start of OI in that study. Since
evidence from animal models has demonstrated that starting
OI even one day after the FWE is associated with worse out-
comes [7], it could be argued that the results of Baerwald et al.
[21] were influenced, at least in part, by the lack of OI syn-
chronization with a FWE in some women. Additionally, the
lower implantation and pregnancy rates reported [21] could
have been associated with inadequate endometrial develop-
ment during OI, rather than with embryo quality. Cryopreser-
vation of all embryos might therefore overcome any possible
endometrial effect of the synchronization of OI with FWE.

The administration of rec-hCG is intended to trigger
ovulation and the first FWE, and ovulation is estimated
to occur 36—72 h after the administration of rec-hCG when
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Table 1  Baseline characteristics of the subjects A) Pharmacological group
Variable Control Pharmacological Mechanical P* 20
15,8
Women’s age 29+.8 33+1 3114 0.039
(years) 15
Men’s age (years) 30.8+1.4 40+3.8 30+£2.1 0.089 B Before
Duration of 74+117  91.2+232 624122 0.628 10 188 intervention
infertility B After intervention
(months) 5 -
D3 FSH (mIU/mL) 5.7+.4 5.5+1 6.2+.2 0.847
D3 estradiol 342462 344472 342427 0.985
(pg/mL) 0 -
Antral follicle 142426 12.6+14 12.6£1.2 0.986 hCG
count
Sperm 64.4+13.5 99.8+68.8 61.2+27.6 0.833 * p<.001
concentration
(million/mL) .
Proportion of 443+11.8 12.6%5 332414 0.143 B) Mechanical group
progressive
motile sperm 20 -
(%) 16,4
Proportion of 22+14 1.0+.8 2.2+.6 0.203 15
sperm with B Before
normal . .
morphology (%) 10 - intervention
Duration of OC 17.8£0.9 20+1.6 26+£5.5 0.327 W After intervention
(days) 5 |
OC - menstruation 4.2+0.2 3.33+0.5 3.6+0.3 0.264
interval (days)
OC - beginning of  7.2+0.2 17.6+1.2 17+0.8 0.016 0 -
Ol interval Aspiraﬁon
(days)
Proportion of 50.0 % 60.0 % 100.0 % 0.09 ** p<.001
pnfmaiy o Fig. 2 Mean (+SE) number of follicles >5 and <9 mm before and after
p mn en_l ity (f %) 833 % 60.0 % 60.0 % 0.604 the interventions in the experimental groups. a The number of small
roportion Oh =70 e e : follicles increased significantly 2 days after hCG administration when
worcrlleglcw 0;) the dominant follicle was >15 mm (p<.001). b The number of small
used (%) follicles increased significantly 1 day after the aspiration of a dominant
Infertility factors follicle >15 mm (p<.001)
Tubal factor 50.0 % 20.0 % 40.0 %
infertility (%)
Male factor 16.7%  40.0% 20.0 % 0.845  animals to trigger FWE [26, 27]. In a spontaneous cycle,
infertility (%) \ \ \ the number of subordinated follicles progressively de-
T?:;L/rmale 33.3 % 40.0% 40.0% creases once the dominant follicle grows above 10 mm in
infertility (%) diameter [12]. Therefore, an observed increase in the num-

Data not specified as percentage (%) are presented as mean+SE (standard
error)

OC oral contraceptive

# Statistical analysis was performed with the Kruskal-Wallis test (three
groups)

the dominant follicle is >12 mm [22-24]. Ovulation trigger
with rec-hCG followed by OI was used in a previous study
on the preservation of fertility in women presenting with
cancer who were about to begin gonadotoxic therapy [25];
the results of this were similar to those observed following
a conventional OI start. However, this earlier study did not
document a FWE before the start of OI. Aspiration of the
dominant follicle is a strategy commonly used in farm

ber of small follicles after both interventions should be
interpreted as FWE.

In our study, the difference in the mean patient age in the
pharmacological group is of negligible clinical relevance,

Table 2 Multiple linear regression analysis evaluating the association
of intervention type, maternal age, and antral follicle count with the
difference of small follicle number before and after the interventions

Coeft. Std. Err. t P
Intervention 3.315911 2.224049 1.49 0.187
Women’s age (years) -0.37197 0.405454 -0.92 0.394
Antral follicle count 0.609173 0.37336 1.63 0.154
Constant 8.283534 11.7173 0.71 0.506
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Table 3  Outcomes of ovarian stimulation in experimental and control
groups

Variable Group p

Control Pharmacological Mechanical

Total rFSH dose*
IU)

OI duration* (days) 9.3+.4

Number of 9.3+1.5
harvested
oocytes*

Retrieved oocytes/
follicles at the
beginning of OI
(%)

High quality
embryos rate (%)

1346+89.4 1755+£276 1754148 0.195

10.0+.7
10.6+.8

10.4+.5
10.0+.8

0.352
0.799

73.0 % 60.0 % 78.0 % 0.749

357 % 25.0 % 26.7 % 0.781

There were no statistically significant differences in the outcomes of OS
in the pharmacological or the mechanical groups compared to the control
group. The outcomes of OS were also statistically similar between the two
experimental groups

* Data are shown as the mean+SE
# Statistical analysis was performed with the Kruskal-Wallis test

because ART performance is relatively stable in women youn-
ger than 35 years of age [28]. Indeed, multivariate analysis
found that women’s age had no effect on the difference in
follicle number before and after both interventions. Similarly,
the shorter OC-free interval before starting OI in the control
group is also probably of minimal clinical significance, be-
cause when the OC-free interval exceeds 4 days Ol outcomes
are similar to when Ol is not preceded by OC use [28-30]. For
the same reason, any difference in the proportion of women
who used OC before OI was likely to have no effect on this
study’s outcomes.

It could be argued that the age of the male partner and the
inclusion of men with teratozoospermia are a source of bias in
this study. However, despite the fact that advanced age has
been associated with worse treatment results, there is no con-
sensus on the cut-off value of male age with respect to ART
outcomes [31]. Moreover, [IVF/ICSI outcomes are apparently
not influenced by male age (<50 years) when the female is
<35 years [31]. Additionally, evidence suggests that ICSI out-
comes are not impaired in the presence of teratozoospermia
[32].

Overall, our observed outcomes of Ol synchronized with a
controlled FWE were similar in both experimental groups and
the control group. However, this study was not designed to
compare the outcomes of OI, but rather to demonstrate the
feasibility of OI synchronization with a FWE in humans.
Therefore, these results should be interpreted with caution,
because this study lacks the statistical power to draw definitive
conclusions on the outcomes of OI synchronization
with FWE.

@ Springer

The total gonadotropin dose used for OI might be
higher and the length of interval for OI longer among
the synchronized groups than those of the control group.
Two studies on fertility preservation for cancer patients
reported similar results when rec-FSH was started in the
luteal phase [25, 33], suggesting a possible luteal interfer-
ence on follicular development. Conversely, this might
also be a characteristic of OI synchronization with FWE.
Baerwald et al. [21] reported similar results when OI was
started on day 1 of the menstrual cycle, when no luteal
activity is expected.

In contrast to the practice with animals, we did not
observe a significant increase in the number of retrieved
oocytes when OI was synchronized to FWE. Additionally,
there might have been a reduction in the number of em-
bryos with good morphology. Despite the low number of
participants in this study, which could have biased these
observations, it could also be speculated that progesterone
interfered with follicular development and oocyte compe-
tence. However, previous studies showed an improvement
in the bovine embryo quality following exogenous pro-
gesterone addition when OI was synchronized with the
first FW [34]. The bovine ovulatory follicle naturally de-
velops in a high progesterone environment, whereas it
develops under low progesterone levels (follicular phase)
in humans. Nonetheless, Kuang et al. [35] reported the
production of viable human embryos, with highly accept-
able pregnancy rates, when OI occurred during the luteal
phase.

In conclusion, our findings suggest that a FWE can be
elicited through pharmacological (administration of recombi-
nant hCG) and mechanical (aspiration of the dominant folli-
cle) interventions. The outcomes of OI synchronized with
FWE should be further evaluated in studies with larger sample
sizes before any conclusion on the possible benefits and harms
of these protocols can be drawn.

Acknowledgments The authors would like to thank the staff of Centro
de Reproducao Humana do Hospital das Clinicas da Faculdade de
Medicina da USP for their assistance during this study. The authors would
like also to thank Merck Serono for donating all recombinant FSH, hCG
and cetrorelix acetate used in this study, and acknowledge the valuable
contribution made by Tatiana Bonetti (PhD) in the revision of the manu-
script. The first author received a grant from CAPES (Coordenagdo de
Aperfeigoamento de Pessoal de Nivel Superior)

This study has been registered at ClinicalTrials.gov as NCT 01668056.

Conflict of interest The first author received a grant from CAPES
(Coordenagao de Aperfeicoamento de Pessoal de Nivel Superior).

Merck Serono (Sao Paulo, Brazil) donated the medication used in the
study.

Compliance with ethical standards Our hospital’s Ethics Committee
approved this study, and women were only enrolled after signing a written
informed consent form.



J Assist Reprod Genet

References

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Macklon NS, Stouffer RL, Giudice LC, Fauser BC. The science
behind 25 years of ovarian stimulation for in vitro fertilization.
Endocr Rev. 2006;27(2):170-207.

. Gougeon A. Dynamics of follicular growth in the human: a model

from preliminary results. Hum Reprod. 1986;1(2):81-7.

. Gougeon A. Human ovarian follicular development: from activation

of resting follicles to preovulatory maturation. Ann Endocrinol
(Paris). 2010;71(3):132-43.

. Baerwald AR, Adams GP, Pierson RA. Ovarian antral

folliculogenesis during the human menstrual cycle: a review. Hum
Reprod Update. 2012;18(1):73-91.

. Fauser BC, Van Heusden AM. Manipulation of human ovarian func-

tion: physiological concepts and clinical consequences. Endocr Rev.
1997;18(1):71-106.

. Ginther OJ. Ultrasonic imaging of equine ovarian follicles and cor-

pora lutea. Vet Clin North Am Equine Pract. 1988;4(2):197-213.

. Nasser LF, Adams GP, Bo GA, Mapletoft RJ. Ovarian

superstimulatory response relative to follicular wave emergence in
heifers. Theriogenology. 1993;40(4):713-24.

. Menchaca A, Pinczak A, Rubianes E. Follicular recruitment and

ovulatory response to FSH treatment initiated on day 0 or day 3
postovulation in goats. Theriogenology. 2002;58(9):1713-21.

. Mapletoft RJ, B6 GA, Baruselli PS. Control of ovarian function for

assisted reproductive technologies in cattle. 2009.

Bo6 GA, Guerrero DC, Tribulo A, Tribulo H, Tribulo R, Rogan D,
et al. New approaches to superovulation in the cow. Reprod Fertil
Dev. 2010;22(1):106-12.

Menchaca A, Vilarifio M, Crispo M, de Castro T, Rubianes E. New
approaches to superovulation and embryo transfer in small ruminants.
Reprod Fertil Dev. 2010;22(1):113-8.

Baerwald AR, Adams GP, Pierson RA. A new model for ovarian
follicular development during the human menstrual cycle. Fertil
Steril. 2003;80(1):116-22.

Baerwald AR, Adams GP, Pierson RA. Characterization of ovarian
follicular wave dynamics in women. Biol Reprod. 2003;69(3):1023-31.
de Mello Bianchi PH, Serafini P, Monteiro da Rocha A, Assad Hassun
P, da Motta EL A, Sampaio Baruselli P, et al. Review: follicular waves
in the human ovary: a new physiological paradigm for novel ovarian
stimulation protocols. Reprod Sci. 2010;17(12):1067-76.

Ginther OJ, Gastal EL, Gastal MO, Bergfelt DR, Baerwald AR,
Pierson RA. Comparative study of the dynamics of follicular waves
in mares and women. Biol Reprod. 2004;71(4):1195-201.

Adams GP, Singh J, Baerwald AR. Large animal models for the study
of ovarian follicular dynamics in women. Theriogenology. 2012.
Serafini P, Yadid I, Motta EL, Alegretti JR, Fioravanti J, Coslovsky
M. Ovarian stimulation with daily late follicular phase administration
of low-dose human chorionic gonadotropin for in vitro fertilization: a
prospective, randomized trial. Fertil Steril. 2006;86(4):830-8.
Embryology ASiRMaESIGo. The Istanbul consensus workshop on
embryo assessment: proceedings of an expert meeting. Hum Reprod.
2011;26(6):1270-83.

Kirkwood BR, Sterne JAC. Essential medical statistics. 2nd ed.
Massachusetts: Blackwell Science; 2006.

Neter J, Kutner MH, Nachtsheim CJ, Wasserman W. Applied linear
statistical models. 4th ed. Illinois; 1996.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

3s.

Baerwald A, Anderson P, Yuzpe A, Case A, Fluker M.
Synchronization of ovarian stimulation with follicle wave emer-
gence in patients undergoing in vitro fertilization with a prior sub-
optimal response: a randomized, controlled trial. Fertil Steril. 2012.
Fischer RA, Nakajima ST, Gibson M, Brumsted JR. Ovulation after
intravenous and intramuscular human chorionic gonadotropin. Fertil
Steril. 1993;60(3):418-22.

Ludwig M, Doody KJ, Doody KM. Use of recombinant human cho-
rionic gonadotropin in ovulation induction. Fertil Steril. 2003;79(5):
1051-9.

Andersen AG, Als-Nielsen B, Hornnes PJ, Franch AL. Time interval
from human chorionic gonadotrophin (HCG) injection to follicular
rupture. Hum Reprod. 1995;10(12):3202-5.

Cakmak H, Katz A, Cedars MI, Rosen MP. Effective method for
emergency fertility preservation: random-start controlled ovarian
stimulation. Fertil Steril. 2013;100(6):1673-80.

Bergfelt DR, Bo GA, Mapletoft RJ, Adams GP. Superovulatory re-
sponse following ablation-induced follicular wave emergence at ran-
dom stages of the oestrous cycle in cattle. Anim Reprod Sci.
1997;49(1):1-12.

Baracaldo MI, Martinez MF, Adams GP, Mapletoft RJ.
Superovulatory response following transvaginal follicle ablation in
cattle. Theriogenology. 2000;53(6):1239-50.

Andersen AN, Witjes H, Gordon K, Mannaerts B, investigators X.
Predictive factors of ovarian response and clinical outcome after
IVE/ICSI following a rFSH/GnRH antagonist protocol with or
without oral contraceptive pre-treatment. Hum Reprod.
2011;26(12):3413-23.

Cédrin-Durnerin I, Bsténdig B, Parneix I, Bied-Damon V, Avril C,
Decanter C, et al. Effects of oral contraceptive, synthetic progestogen
or natural estrogen pre-treatments on the hormonal profile and the
antral follicle cohort before GnRH antagonist protocol. Hum Reprod.
2007;22(1):109-16.

Garcia-Velasco JA, Bermejo A, Ruiz F, Martinez-Salazar J, Requena
A, Pellicer A. Cycle scheduling with oral contraceptive pills in the
GnRH antagonist protocol vs the long protocol: a randomized, con-
trolled trial. Fertil Steril. 2011;96(3):590-3.

Humm KC, Sakkas D. Role of increased male age in IVF and egg
donation: is sperm DNA fragmentation responsible? Fertil Steril.
2013;99(1):30-6.

French DB, Sabanegh ES, Goldfarb J, Desai N. Does severe terato-
zoospermia affect blastocyst formation, live birth rate, and other clin-
ical outcome parameters in ICSI cycles? Fertil Steril. 2010;93(4):
1097-103.

von Wolft M, Thaler CJ, Frambach T, Zeeb C, Lawrenz B, Popovici
RM, et al. Ovarian stimulation to cryopreserve fertilized oocytes in
cancer patients can be started in the luteal phase. Fertil Steril.
2009;92(4):1360-5.

Nasser LF, Sa Filho MF, Reis EL, Rezende CR, Mapletoft RJ, B
GA, et al. Exogenous progesterone enhances ova and embryo quality
following superstimulation of the first follicular wave in Nelore (Bos
indicus) donors. Theriogenology. 2011;76(2):320-7.

Kuang Y, Hong Q, Chen Q, Lyu Q, Ai A, Fu Y, et al. Luteal-phase
ovarian stimulation is feasible for producing competent oocytes in
women undergoing in vitro fertilization/intracytoplasmic sperm in-
jection treatment, with optimal pregnancy outcomes in frozen-thawed
embryo transfer cycles. Fertil Steril. 2014;101(1):105-11.

@ Springer



	Study of two strategies to induce follicular wave emergence for assisted reproductive treatments (ART)—a preliminary trial
	Abstract
	Abstract
	Abstract
	Abstract
	Abstract
	Introduction
	Materials and methods
	Patients
	Randomization
	OI
	Control group
	Experimental groups

	In vitro fertilization and cryopreservation of embryos
	Frozen/thawed embryo transfer (FET)
	Outcomes
	Statistical analyses

	Results
	Discussion
	References


