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Abstract
Background: Poor ovarian response and retrieval of no oocytes following ovarian stimulation for in vitro fertilization
(IVF) is a challenging problem for both the patient and the clinician.
Findings: Recent evidence indicates that folliculogenesis occurs in a wave-like fashion indicating that there are
multiple follicular recruitment waves in the same menstrual cycle. This relatively new scientific concept provides
new opportunities for the utilization of ovarian stimulation in women with poor ovarian response. This
communication reports on the social and scientific rationale for the use of luteal phase ovarian stimulation
following oocyte retrieval in the same cycle (also called double stimulation).
Conclusions: Data to date showed that double ovarian stimulation in poor responders provides shorter time for
retrieving mature oocytes with the potential formation of good quality embryos, and thus healthy pregnancies.
Keywords: Luteal phase stimulation, Double ovarian stimulation, Poor ovarian response, Diminished ovarian reserve,
IVF

Introduction
Poor ovarian response after ovarian stimulation for in vitro
fertilization (IVF) is a challenge for the patients and their
clinicians. Currently, ovarian stimulation in women with diminished ovarian reserve (DOR) has been individualized
due to the development of a variety of ovarian stimulation
protocols [1, 2]. Many studies have evaluated the use of
various ovarian stimulation regimens to improve the outcome of poor responders undergoing IVF treatment; some
of these protocols involve minimal/mild ovarian stimulation
[3]. Additionally, patients with poor prognosis have high
cancellation rates, along with lower pregnancy and live
birth rates. These relatively high cancellation rates are leading clinicians and researchers to question whether IVF with
conventional “follicular phase” ovarian stimulation has
alternative approaches in the DOR population [4].
Recent evidence indicates that folliculogenesis occurs in
a wave-like fashion [5]. Thus, in the same menstrual cycle,
there are multiple follicular recruitment waves [5]. This
Correspondence: johnzhang98@yahoo.com
Reproductive Endocrinology and Infertility, New Hope Fertility Center, 4
Columbus Circle, New York, NY 10019, USA

fact challenges the traditional theory that a single cohort
of antral follicles only develop during the follicular phase
of the menstrual cycle [6]. It also provides other new opportunities for clinicians to utilize ovarian stimulation especially in women with DOR [6]. This manuscript reports
on the social and scientific rationale for the use of luteal
phase ovarian stimulation following oocyte retrieval, in
the same cycle (also called double ovarian stimulation)
when follicular phase ovarian stimulation was already
undergone. It also addresses special situations where luteal
phase stimulation could represent an alternative for patients with DOR when no oocytes were retrieved in the
conventional “follicular phase” ovarian stimulation IVF.

Findings
Social and Scientific basis for luteal phase ovarian
stimulation

It is not uncommon to have no oocytes retrieved in
women with DOR undergoing IVF especially when there
is very little follicular growth [7]. In these situations, no
oocytes are usually retrieved from apparently normally
growing ovarian follicles with normal estradiol concentrations despite meticulous repeated follicular aspiration
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and flushing [8]. Reasons for this include poor ovarian
response, errors in human chorionic gonadotrophin
(hCG) administration/timing for final oocyte maturation,
underlying ovarian dysfunction, or premature ovulation
[9–11]. In spite of these reasons, obtaining no oocytes
following oocyte retrieval represents a tremendous stress
for the patient. Luteal phase stimulation could potentially alleviate some of this stress since the patients do
not have to wait for another menstrual cycle before
undergoing ovarian stimulation.
Folliculogenesis is an ongoing process in which multiple
follicles are in the process of development [12, 13]. The
traditional concept of folliculogenesis supports the recruitment of various antral follicles in each ovary from the
“late luteal phase” of the preceding menstrual cycle to the
following follicular phase [12]. Interestingly, there is increasing evidence to indicate that multiple waves of antral
follicles develop during the same woman’s menstrual cycle
challenging the concept of single recruitment episode during the follicular phase [12, 14].
Three theories of antral follicle recruitment have been
suggested [12]. The first theory of “continuous recruitment” suggests that small antral follicles grow and regress
constantly throughout the inter-ovulatory (between two
ovulatory events) interval and the dominant ovulatory follicle is selected by chance from the pool following luteal
regression [12]. The second theory of a “single recruitment episode” suggests that an ovulatory follicle is selected from a single follicular cohort that emerges
following luteal regression [12]. The third “wave theory”
of follicle recruitment suggests that two or more cohorts
of antral follicles are recruited during the same ovarian
cycle. The dominant follicle that develops in the final wave
of the inter-ovulatory interval ovulates while preceding
waves are anovulatory [12]. The “wave theory” of follicle
recruitment is the basis of the luteal phase ovarian
stimulation protocol. Whether synchronization of the
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emergence of follicular waves with ovarian stimulation
produces more competent oocytes and healthier embryos
and whether it enhances the efficiency of assisted reproductive technology in women with DOR remains to be
determined [15].
Luteal phase ovarian stimulation protocol and review of
pertinent studies

A typical protocol of luteal phase ovarian stimulation
starts 2–7 days following oocyte retrieval during the
same menstrual cycle. Following oocyte retrieval, a second ovarian stimulation is usually started with low dose
gonadotropins (75–150 IU/day) and either clomiphene
citrate (25–100 mg/day) or letrozole (2.5–5 mg/day) when
the lead follicle measures less than 13 mm [16]. After
5 days of stimulation, ultrasound and blood hormone
monitoring is resumed as usual. Human chorionic gonadotropins (5000 IU) or GnRH agonist (0.1 mg) is then used
for oocyte maturation when the lead follicle becomes larger than 18 mm (Fig. 1). Because clomiphene citrate could
cause a thin endometrial lining [17, 18], and because the
endometrium is out of phase following luteal phase stimulation, embryo freezing is usually recommended followed
by a frozen embryo transfer in a subsequent cycle [19].
A randomized, controlled study investigated the benefit
of luteal phase ovarian stimulation in patients who previously had a suboptimal ovarian stimulation cycle [20]. In
that study, 40 patients with poor ovarian response, defined
as having 3–6 retrieved oocytes in their previous cycle,
were included. Compared to women who had recombinant human gonadotropins in the early follicular phase,
women who had luteal phase stimulation had similar
number of oocytes retrieved [20]. Although, that
study indicated that poor responders do not benefit
from commencing recombinant human FSH therapy
in the luteal phase, it demonstrated that luteal phase
stimulation could produce a reasonable number of

Fig. 1 Double ovarian stimulation protocol: both follicular and luteal phase ovarian stimulation in the same cycle. GnRHa, gonadotropin releasing
hormone agonist; hCG, human chorionic gonadotropin; FSH, follicle-stimulating hormone; LH, luteinizing hormone
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oocytes thus representing an alternative to follicular
phase stimulation in poor responders. However, that
study did not evaluate double ovarian stimulation in
the same menstrual cycle and it did not assess clinical
or live birth rates.
Another randomized, open-label pilot trial (total n = 18)
investigated whether luteal phase initiation of gonadotropins would improve oocyte yield compared with follicular
phase administration in women (age range 20–42) with
poor ovarian response [21]. In that trial, poor ovarian response in a previous cycle was defined as either less than
5 follicles on day of HCG administration, or less than 5
oocytes retrieved, or previous cancelled IVF cycle. Gonadotropins were administered during either the follicular
phase (n = 9) or the mid-luteal phase of the preceding
menstrual cycle (n = 9). The number of oocytes retrieved
was similar regardless of the stimulation phase. Other
endpoints including follicular growth, serum estradiol
levels, and pregnancy and live birth rates did not differ between the luteal or follicular phase stimulation [21]. That
study indicated that luteal phase initiation of gonadotropins is a safe and potential alternative protocol in
poor responders when other protocols have failed.
A recent pilot study evaluated the efficacy of double
ovarian stimulation during the follicular and luteal phases
in women (n = 38, mean age = 36) with poor ovarian response undergoing mild ovarian stimulation IVF [16].
After the first oocyte retrieval, gonadotropins and
letrozole were co-administrated to stimulate follicular
development. Oocyte retrieval was carried out a second
time when dominant follicles had matured following a
GnRH agonist trigger. The number of oocytes retrieved
was 1.7 ± 1.0 in the first retrieval (follicular phase ovarian
stimulation) versus 3.5 ± 3.2 in the second retrieval (luteal
phase ovarian stimulation) (p = 0.001). Additionally, the
number of mature (metaphase II) oocytes was 1.4 ± 1.0
versus 2.7 ± 2.7 (p = 0.008) in the first and second oocyte
retrievals respectively [16]. From the double stimulation,
167 oocytes were collected and 26 out of 38 (68.4 %)
succeeded in producing 1–6 viable embryos cryopreserved for later transfer. Twenty-one women underwent 23 cryopreserved embryo transfers, resulting in
13 clinical pregnancies. This study underscores the
usefulness of luteal phase stimulation in assisted reproductive technology.
A recent case report of a patient (aged 41) who had severe DOR as manifested by antral follicle count of 2 also
showed success with double ovarian stimulation [16]. That
patient underwent minimal ovarian stimulation IVF
protocol (using clomiphene citrate with low dose gonadotropins). One mature oocyte leading to a good embryo
was successfully obtained through luteal phase ovarian
stimulation following failure to retrieve any oocytes by
minimal ovarian stimulation in the conventional follicular
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phase ovarian stimulation earlier in the same menstrual
cycle [16]. This case reinforces the fact that luteal phase
stimulation represents a clinically valuable alternative
when no oocytes were retrieved following IVF with
follicular phase ovarian stimulation.

Conclusion
Double ovarian stimulation (follicular and luteal phases) in
the same menstrual cycle could provide an opportunity to
retrieve more oocytes, potentially producing a pregnancy in
poor responders in a shorter period of time. Although luteal phase ovarian stimulation does not seem to be better
than follicular phase ovarian stimulation, it could produce a
positive (good embryo) outcome in women with DOR
when no oocytes were retrieved in the same conventional
IVF cycle. This, without doubt, alleviates some of the stress
that poor responders have following a “no egg” results.
Additionally, the resulting embryos from luteal phase ovarian stimulation protocols could have similar developmental
potential and could produce clinically acceptable pregnancy
rates when compared to embryos produced by follicular
phase ovarian stimulation. Double stimulation thus represents a promising approach for patients with poor ovarian
response especially when conventional IVF protocols have
failed or when time is of the essence. It is unfortunate that
studies to date included small sample sizes. Large cohort
studies/randomized clinical trials with live-birth rates as
outcomes are needed to better elucidate the benefit of luteal
phase (and double) ovarian stimulation in the DOR
population.
Competing interests
The author declares that he has no competing interests.
Received: 24 May 2015 Accepted: 13 July 2015

References
1. van Loendersloot LL, van Wely M, Repping S, Bossuyt PM, van der Veen F.
Individualized decision-making in IVF: calculating the chances of pregnancy.
Hum Reprod. 2013;28:2972–80.
2. Gleicher N, Barad D. “Ovarian age-based” stimulation of young women with
diminished ovarian reserve results in excellent pregnancy rates with in vitro
fertilization. Fertil Steril. 2006;86:1621–5.
3. Check JH, Brasile D, Choe JK, Amui J, Wilson C. The effect of cetrorelix vs.
ganirelix on pregnancy outcome using minimal gonadotropin stimulation
in women with elevated day 3 serum follicle stimulating hormone levels.
Clin Exp Obstet Gynecol. 2009;36:148–9.
4. Lamazou F, Fuchs F, Grynberg M, Gallot V, Herzog E, Fanchin R, et al.
Cancellation of IVF-ET cycles: poor prognosis, poor responder, or variability
of the response to controlled ovarian hyperstimulation? An analysis of 142
cancellations. J Gynecol Obstet Biol Reprod. 2012;41:41–7.
5. Baerwald AR, Adams GP, Pierson RA. A new model for ovarian follicular
development during the human menstrual cycle. Fertil Steril.
2003;80:116–22.
6. Baerwald AR, Adams GP, Pierson RA. Characterization of ovarian follicular
wave dynamics in women. Biol Reprod. 2003;69:1023–31.
7. Ben-Shlomo I, Schiff E, Levran D, Ben-Rafael Z, Mashiach S, Dor J. Failure of
oocyte retrieval during in vitro fertilization: a sporadic event rather than a
syndrome. Fertil Steril. 1991;55:324–7.

Zhang Reproductive Biology and Endocrinology (2015) 13:76

8.

9.
10.
11.

12.
13.
14.

15.

16.

17.

18.

19.

20.

21.

Page 4 of 4

Beck-Fruchter R, Weiss A, Lavee M, Geslevich Y, Shalev E. Empty follicle
syndrome: successful treatment in a recurrent case and review of the
literature. Hum Reprod. 2012;27:1357–67.
Aktas M, Beckers NG, van Inzen WG, Verhoeff A, de Jong D. Oocytes in the
empty follicle: a controversial syndrome. Fertil Steril. 2005;84:1643–8.
Bustillo M. Unsuccessful oocyte retrieval: technical artefact or genuine
‘empty follicle syndrome’? Reprod Biomed Online. 2004;8:59–67.
Reichman DE, Hornstein MD, Jackson KV, Racowsky C. Empty follicle
syndrome–does repeat administration of hCG really work? Fertil Steril.
2010;94:375–7.
Baerwald AR, Adams GP, Pierson RA. Ovarian antral folliculogenesis during
the human menstrual cycle: a review. Hum Reprod Update. 2012;18:73–91.
Hillier SG. Current concepts of the roles of follicle stimulating hormone and
luteinizing hormone in folliculogenesis. Hum Reprod. 1994;9:188–91.
Yang DZ, Yang W, Li Y, He Z. Progress in understanding human ovarian
folliculogenesis and its implications in assisted reproduction. J Assist Reprod
Genet. 2013;30:213–9.
de Mello Bianchi PH, Serafini P, Monteiro da Rocha A, Assad Hassun P, Alves
da Motta EL, Sampaio Baruselli P, et al. Review: follicular waves in the
human ovary: a new physiological paradigm for novel ovarian stimulation
protocols. Reprod Sci. 2010;17:1067–76.
Kuang Y, Chen Q, Hong Q, Lyu Q, Ai A, Fu Y, et al. Double stimulations
during the follicular and luteal phases of poor responders in IVF/ICSI
programmes (Shanghai protocol). Reprod Biomed Online. 2014;29:684–91.
Takasaki A, Tamura H, Taketani T, Shimamura K, Morioka H, Sugino N. A pilot
study to prevent a thin endometrium in patients undergoing clomiphene
citrate treatment. J Ovarian Res. 2013;6:94.
Reynolds K, Khoury J, Sosnowski J, Thie J, Hofmann G. Comparison of the
effect of tamoxifen on endometrial thickness in women with thin
endometrium (<7 mm) undergoing ovulation induction with clomiphene
citrate. Fertil Steril. 2010;93:2091–3.
Kato K, Takehara Y, Segawa T, Kawachiya S, Okuno T, Kobayashi T, et al.
Minimal ovarian stimulation combined with elective single embryo transfer
policy: age-specific results of a large, single-centre, Japanese cohort. Reprod
Biol Endocrinol. 2012;10:35.
Rombauts L, Suikkari AM, MacLachlan V, Trounson AO, Healy DL.
Recruitment of follicles by recombinant human follicle-stimulating hormone
commencing in the luteal phase of the ovarian cycle. Fertil Steril.
1998;69:665–9.
Kansal Kalra S, Ratcliffe S, Gracia CR, Martino L, Coutifaris C, Barnhart KT.
Randomized controlled pilot trial of luteal phase recombinant FSH
stimulation in poor responders. Reprod Biomed Online. 2008;17:745–50.

Submit your next manuscript to BioMed Central
and take full advantage of:
• Convenient online submission
• Thorough peer review
• No space constraints or color ﬁgure charges
• Immediate publication on acceptance
• Inclusion in PubMed, CAS, Scopus and Google Scholar
• Research which is freely available for redistribution
Submit your manuscript at
www.biomedcentral.com/submit

