
Vaiarelli et al. 
Reproductive Biology and Endocrinology  2025, 23(Suppl 1):28 
https://doi.org/10.1186/s12958-025-01360-9

REVIEW Open Access

© The Author(s) 2025. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which 
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the 
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or 
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line 
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory 
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this 
licence, visit http://creativecommons.org/licenses/by/4.0/.

Reproductive Biology
and Endocrinology

Surfing follicular waves in ovarian 
stimulation: is there a role for LH in DuoStim 
protocols? A narrative review and SWOT analysis
Alberto Vaiarelli1*   , Danilo Cimadomo1, Maria Cerrillo2, Filippo Maria Ubaldi1 and 
Juan Antonio García Velasco2,3 

From 3rd World Conference on Luteinizing Hormone in ART: Applying technologies, learning from nature 
Naples, Italy. 27-28 May 2022. https://medeaacademy.com/event/lh2022/

Abstract 

IVF treatments should be personalized to collect an appropriate number of oocytes, taking into account the woman’s 
age and ovarian reserve, in order to maximize the efficacy and efficiency of the IVF process. From a scientific perspec-
tive, the ‘continuous recruitment theory’ suggests that several follicular waves are continuously recruited to grow 
and regress throughout one ovarian cycle. Clinically, this approach has paved the way for the theorization of a double 
stimulation protocol back-to-back in the same ovarian cycle (DuoStim) to rescue anovulatory waves. This protocol 
has been successfully adopted by several independent groups in the last decade to improve the number of oocytes 
in a short timeframe. Although the published data are promising for treating patients of advanced maternal age 
with reduced ovarian reserve and poor oocyte/embryo competence, the protocols adopted vary across studies. 
In this challenging population, choosing the appropriate protocol in the DuoStim context is critical to maximize 
the ovarian response and exploit the potential of individual follicular waves. In this regard, the administration of lute-
inizing hormone (LH) could be relevant to promote steroidogenesis and folliculogenesis, increase androgen produc-
tion, improve pre-antral and antral follicle recruitment, and enhance the expression of follicle-stimulating hormone 
receptors in the granulosa cells. This review presents a step-by-step outline of all DuoStim protocols and proposes 
a SWOT (strengths, weaknesses, opportunities, threats) analysis of LH administration in the context of DuoStim.
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Introduction
Follicular development within the ovary is a dynamic 
process: from a large pool of primordial follicles in 
the resting phase, some will develop as pre-antral and 
antral follicles until they undergo atresia, whereas oth-
ers will complete their development after some further 
steps (sequential recruitment, selection, and follicle 
growth). According to the classic ‘single recruitment 
episode theory’, a single cohort of antral follicles grows 
during the follicular phase of the ovarian cycle after 
luteal regression [1]. However, this theory has been 
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superseded by evidence of multiple waves arising dur-
ing an ovarian cycle in many mammals. This evidence, 
first reported in large animal models, has been con-
firmed also in humans, leading to the definition of two 
further theories of follicle recruitment: ‘continuous 
recruitment theory’, according to which the follicles 
start growing and regress continuously during the ovar-
ian cycle, and the ‘waves theory’, according to which 
two to three cohorts of antral follicles based on cycle 
length are recruited per ovarian cycle [1]. However, the 
mechanisms regulating each individual cohort of folli-
cles are yet to be fully elucidated [2–5].

Several intraovarian regulators, follicle-stimulating 
hormone (FSH) and progesterone levels, and inflam-
matory markers (e.g., serum C-reactive protein) were 
all proposed as modulators of the dynamics behind the 
origin of follicular waves, but the molecular pathways 
describing their role remain poorly understood. From a 
clinical perspective, the growing knowledge of human 
ovarian follicular waves opened new options for ovarian 
stimulation (OS) to improve its efficacy and efficiency in 
specific patient populations undergoing in vitro fertiliza-
tion (IVF):

•	 Random start approach: OS can be started at any 
time during the ovarian cycle (e.g., urgent fertility 
preservation).

•	 Luteal phase stimulation: OS can be started between 
day 17 and day 21 of a spontaneous ovarian cycle.

•	 DuoStim (double stimulation in a single ovarian 
cycle): the combination of two stimulations and two 
oocyte retrievals back-to-back in the same ovarian 
cycle [3].

Currently, cumulative live birth rate (CLBR) is the 
measure of IVF success [6–8]; however, the reproduc-
tive journey is as important as the destination. Improv-
ing IVF efficiency is equally critical, not only in terms of 
reduction of adverse events such as multiple pregnancy 
and ovarian hyperstimulation syndrome (OHSS), but also 
in shortening time to live birth, providing a cost-effective 
treatment, and minimizing dropout rates [9]. OS is key 
for success in assisted reproductive technology; therefore 
it is essential to select the proper protocol and the correct 
gonadotropin (Gn) type and starting dose, to avoid exces-
sive response as well as hypo-response. In this regard, 
an accurate prediction of OS through the currently 
available markers of the ovarian reserve, namely anti-
Müllerian hormone (AMH) and antral follicular count 
(AFC), is essential. However, a more thorough profiling 
of the patients requires the evaluation of at least age and 
body mass index, as well as experience of previous poor 
response [10].

Recently, genetic/genomic investigations of differ-
ent reproductive phenotypes, pharmacogenomics, and 
molecular embryology might introduce potential tools 
to enhance OS management [11]. OS personalization 
can no longer be restricted to the choice of Gn start-
ing dose. Indeed, it now involves many steps, includ-
ing pre-treatment strategies, luteinizing hormone (LH) 
suppression regimens, types of Gn with LH or human 
chorionic gonadotropin (hCG) activity, and different 
types of trigger, as well as the possibility to use uncon-
ventional OS strategies [12]. Among the latter strate-
gies, DuoStim represents the most intriguing, since by 
exploiting ovulatory and anovulatory follicular waves 
it may help poor-prognosis patients to optimize use 
of their ovarian reserve in the shortest possible time-
frame. This narrative review provides a comprehensive 
overview of the various DuoStim protocols published 
over the years by different research groups, with a par-
ticular focus on analyzing the use of LH during hormo-
nal stimulation.

Search procedure
This narrative review was conducted by searching MED-
LINE (PubMed), Scopus, and Embase databases up to 
December 2022. Combinations of the following keywords 
and search terms were used: ‘DuoStim’, ‘luteal phase stim-
ulation’, ‘luteal phase ovarian stimulation’, ‘dual stimula-
tion’, ‘double stimulation’, ‘ovarian stimulation’. Language 
restriction was adopted to select only papers in English. 
The reference lists of relevant reviews and articles in 
press were also hand-searched. Three reviewers (AV, DC, 
and MC) evaluated titles and abstracts. Disagreements 
were discussed and ultimately resolved by consensus 
between all authors also involving senior authors (FMU, 
JAGV). Twenty-four studies were considered eligible 
(Table 1).

DuoStim: the optimal framework
Several DuoStim protocols have been proposed to date 
(Table  1; Fig.  1) (e.g [14–22, 24–28, 32, 35, 36]). , , but 
hard data are missing to support the superiority of a 
specific protocol over others [23]. Independent stud-
ies worldwide outlined consistently good and reproduc-
ible results in terms of (i) more mature oocytes obtained, 
and more embryos available in a single ovarian cycle 
[37]; (ii) lower dropout rates between consecutive failed 
attempts in poor-prognosis patients [3]; and (iii) similar 
outcomes as double conventional stimulation but poten-
tially increased flexibility and patient compliance [38]. All 
steps of DuoStim protocol are summarized in Fig. 1 and 
detailed in the next paragraphs.
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Estradiol priming started in day 21 of the previous 
menstrual cycle
Luteal estradiol priming (4  mg/d of estradiol valerate) 
can be adopted in day 21 of the previous menstrual cycle 
[29, 39]. In fact, pre-treatment therapies – not only estro-
gen priming, but also administration of progesterone, 
oral contraceptive pill (OCP), or gonadotropin-releasing 
hormone (GnRH) antagonists – have all been proposed 
in conventional OS to suppress or reduce LH and/or 
FSH secretion. They can be administered before OS with 
the aim of (i) synchronizing follicular development; (ii) 
preventing early large follicle or spontaneous LH surge; 
(iii) reducing cyst formation; and (iv) scheduling IVF to 
improve cycle management and workflow. Future studies 
must confirm the utility of these pre-treatment strategies 
in the DuoStim context.

Gonadotropin type and daily dose
Many regimens with different Gn type and dosage have 
been proposed in the literature to optimize the ovarian 
response in terms of number of oocytes retrieved and 
oocyte/embryo quality during either conventional OS or 

DuoStim. Clearly, the number of oocytes is strongly asso-
ciated with an improved CLBR per cycle and maximizing 
ovarian response to OS is critical. However, the real value 
of different stimulation protocols to enhance the ovarian 
response is still a matter of debate, especially in terms of 
follicle recruitment and oocyte quality. In the DuoStim 
context, different protocols have been proposed [3, 23, 
38, 40], such as:

•	 Clomiphene citrate (CC) 50–100 mg/d and/or letro-
zole 2.5  mg + human menopausal gonadotropin 
(HMG) 150–300 IU/d.

•	 Recombinant (rec)-FSH or HMG 150–300 IU/d.
•	 Corifollitropin alfa + rec-FSH 300–375 IU.
•	 Rec-FSH 300 IU/d + rec-LH 75–150 IU/d.

However, based on the current body of evidence in 
conventional stimulations, the true impact of Gn remains 
an open question. In this regard, for a deeper evaluation 
of the efficacy of different types of Gn, two aspects should 
be considered: (i) ovarian sensitivity, defined as Follicular 
Output RaTe (FORT) [41] and Follicle to Oocyte Index 
(FOI) [42]; and (ii) embryo competence, in terms of 

Fig. 1  Framework of DuoStim protocol. Each square represents a day. Violet squares identify the days before the beginning of the first ovarian 
stimulation (OS), when pre-treatment strategies might be adopted. Purple squares represent the days of first and second OS. Gray squares 
represent the days when no treatment is applied; if their contour is purple, they identify the possibility of starting the second OS soon after the first 
retrieval, as for the Shanghai protocol. Dark pink squares represent the days of oocyte pick-up (OPU). Light blue arrows identify ovulation 
trigger administration. Red brackets identify the timeframe when (possible) menstruation might occur. Orange brackets identify the timeframe 
of LH suppression regimen administration. The ovarian cycle is framed within a dotted green larger square. All possible pre-treatment, OS, LH 
suppression, and trigger options are listed in the figure. In the lower right corner, all possible lab strategies are shown: fresh oocytes insemination 
after both OPUs or oocyte cryopreservation after the first OPU, then warmed and inseminated along with the fresh oocytes obtained 
from the second OPU (dotted dark blue arrow) plus cleavage-stage embryo cryopreservation or blastocyst culture and blastocyst cryopreservation 
with/without trophectoderm (TE) biopsy for pre-implantation genetic testing. The squares mirror the same squares in the DuoStim protocol 
framework. The white numbers within each square are the days after OPU. GnRH-ant, GnRH antagonist; OCP, oral contraceptive pill; HMG, 
human menopausal gonadotropin; CC, clomiphene citrate; LE, letrozole; PPOS, progestin-primed ovarian stimulation; NSAID, non-steroidal 
anti-inflammatory drug
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blastocyst development, euploidy, and implantation [12, 
43–45]. Although future studies are still needed to ana-
lyze the effect of OS on these parameters, mounting evi-
dence supports no impact imputable to Gn type or dose, 
number of oocytes retrieved, or OS duration [12, 46–48]. 
In this scenario, maximizing the ovarian response, rather 
than adopting a mild stimulation approach, is key espe-
cially in poor-prognosis patients, to enhance the CLBR 
while minimizing the risk for cycle cancellation [49]. 
Some data suggest that OS with rec-FSH may allow the 
retrieval of larger cohorts of oocytes with respect to 
HMG alone. Additional putative benefits of rec-FSH are 
higher patient compliance (because of lower Gn dose, 
shorter OS, and easier route of administration) and cost-
effectiveness [50–53]. For all these reasons, rec-FSH 
might be considered the most suitable molecule in the 
context of DuoStim.

LH administration to enhance ovarian response in DuoStim
LH administration during unconventional OS, includ-
ing DuoStim, is still an unexplored topic. In fact, to date, 
the rationale guiding the use of this molecule is based on 
evidence from studies with conventional OS approaches. 
Specifically, the choice of adding rec-LH in DuoStim pro-
tocols is based on the low androgen levels characterizing 
most poor-prognosis patients. Rec-LH could promote 
steroidogenesis and folliculogenesis increasing andro-
gen production, improving pre-antral and antral follicle 
recruitment, and increases the expression of FSH recep-
tors in the granulosa cells [54–57]. All these aspects are 
crucial in advanced maternal age and/or poor/subopti-
mal responder patients, whose decreased androgen levels 
may further impact ovarian sensitivity and responsive-
ness to exogenous FSH [58]. On this basis, rec-LH co-
treatment during OS could be adopted in subgroups of 
poor-prognosis women, such as women aged 35–40 years 
[58] and hypo-responders [59]. Although the clinical 
value of LH administration is still debated and a consen-
sus is missing on its measurement and adequate thera-
peutic window, reports exist in poor-prognosis patients 
supporting lower rec-FSH dose and better IVF outcomes, 
with no increased costs, when it is supplemented dur-
ing OS [60, 61]. These data overall support its adoption 
in the DuoStim protocol. A SWOT analysis (Fig. 2) was 
included in this review to summarize the ‘strengths, 
weaknesses, opportunities, and threats’ of LH adoption 
in DuoStim protocols, based on the current clinical and 
academic body of evidence.

LH suppression regimens
LH suppression regimens involve GnRH agonists or 
antagonist administration to avoid LH surge, thereby 
preventing premature ovulation during OS [62]. Over 

time, antagonist protocols gained more popularity in OS 
due to their numerous advantages, such as (i) shorter 
overall treatment duration, (ii) lower Gn consumption, 
(iii) absence of perimenopausal symptoms caused by 
pituitary desensitization, and (iv) use of agonist trigger 
to either minimize OHSS risk or allow a second stimula-
tion in the same ovarian cycle (DuoStim). Indeed, agonist 
trigger is commonly adopted during DuoStim since it 
reduces corpora lutea half-life, thus allowing an optimal 
hormonal environment for the administration of exog-
eneous Gn in the same ovarian cycle. This additional Gn 
administration will ultimately support the final matura-
tion of follicles that would otherwise undergo atresia. 
More recently, the increasing evidence supporting pro-
gestins to inhibit spontaneous ovulation during OS with-
out compromising the ovarian response opens a new era 
in the management of unconventional protocols. Indeed, 
progestins might represent a reliable and more conveni-
ent tool to replace GnRH antagonist administration, thus 
reducing the number of monitoring visits and the overall 
cost of OS [63]. More studies are needed to evaluate this 
strategy.

Type of trigger
The trigger for final oocyte maturation is administered 
about 35–36  h before oocyte retrieval and it is critical 
for the re-initiation and completion of the first meiotic 
division as well as for oocyte cytoplasmic maturation. 
The timing of its administration during OS is based on 
accumulated information about follicles, hormonal data, 
OS duration, and ovarian response to OS. hCG trigger is 
considered the gold standard in conventional IVF where 
fresh transfers are scheduled. However, GnRH-agonist 
trigger, by stimulating the pituitary gland to secrete both 
endogenous LH and FSH, represents the first-line choice 
in freeze-all cycles, such as among patients showing high 
response to OS [64], donors, and in fertility preservation 
[65, 66], as well as in DuoStim which is commonly used 
[13]. The absence of an impact of the trigger, either hCG 
or GnRH agonist, on oocyte competence is supported by 
at least three studies conducted in the pre-implantation 
genetic testing for aneuploidies (PGT-A) setting at the 
blastocyst stage with comprehensive chromosome test-
ing technologies [67–69].

The most important advantage of GnRH-agonist trig-
ger in the context of DuoStim is its shorter half-life, 
which reduces the permanence of corpora lutea and the 
length of the luteal phase. In this regard, although luteol-
ysis is patient-specific and highly dependent on hormonal 
levels, the number of oocytes retrieved and the number 
of corpora lutea [70], the administration of GnRH agonist 
trigger is ideal to allow re-starting a II stimulation in the 
same ovarian cycle [31]. On a separate note, a possible 



Page 8 of 12Vaiarelli et al. Reproductive Biology and Endocrinology  2025, 23(Suppl 1):28

flare-up effect may derive from GnRH agonist trigger in 
the I stimulation, which might induce a down-regulation 
in AMH expression in the follicles from the anovulatory 
wave, thereby increasing the number of follicles with 
3–4  mm diameter potentially recruitable during the II 
stimulation [71].

Second ovarian stimulation in the same ovarian cycle: 
starting day
In the Shanghai protocol, the II stimulation was com-
menced the day after first oocyte retrieval, when two or 
more antral follicles were identified. However, this strat-
egy is subject to errors because the evaluation of the 
antral follicles in the follicular waves arising in the luteal 
phase is compromised by the presence corpora lutea 
from the first retrieval. A simpler approach was defined 
by Ubaldi and colleagues, who preferred to start the 
second stimulation after 5 days from the first retrieval, 
namely when complete luteolysis is attained [29]. In this 
workflow, II stimulation is conducted with the same pro-
tocol and daily dose as the I stimulation, regardless of the 
number of antral follicles. Moreover, when oocytes are 
not vitrified after the I stimulation, it can be decided even 
in progress whether or not to start a II stimulation, based 
on maternal age and the number of blastocysts avail-
able for biopsy in PGT cycles obtained. This allows also 
a more patient-centered and personalized treatment [34].

Biological strategies in the context of DuoStim
An efficient oocyte and embryo cryopreservation pro-
gram is key in modern IVF. As with any unconventional 
OS approach, DuoStim could not be applied in the 
absence of this critical prerequisite, due to the asyn-
chrony between follicular development and endometrial 
cycles. When optimized in each clinic, cryopreserva-
tion allows oocyte accumulation strategies to counteract 
the effect of aging on both a diminished ovarian reserve 
and poor oocyte quality [72], even though no impact on 
euploidy rates at the blastocyst stage has been reported 
[73, 74]. A putative impact on blastocyst development 
might derived from oocyte vitrification [73, 74], but 
evidence for this is controversial [75–77]. It is therefore 
still a matter of discussion which strategy – oocyte vit-
rification, or embryo vitrification (if allowed by local 
regulations) – is preferable after the I stimulation. When 
dealing with very advanced maternal age women (espe-
cially in their 40s), namely those with a clear indication 
to DuoStim, aneuploidy testing to report non-mosaic 
aneuploidies is desirable to reduce the risk of miscar-
riage, while increasing our prediction upon embryo 
competence.

In summary, the implementation of DuoStim strategy 
is secondary to the achievement of high standards in the 
IVF lab, which should be testified by competency, if not 
benchmark, values across all the main key performance 

Fig. 2  SWOT analysis of LH administration in the context of DuoStim protocol in advanced maternal age and/or previous poor/suboptimal 
responders
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indicators outlined by international scientific societies 
[78], including for trophectoderm biopsy [79].

SWOT analysis regarding the role of LH during the DuoStim 
protocol
To summarize the potential advantages and disadvan-
tages of DuoStim in women of advanced maternal age 
and/or those who have had a poor/suboptimal response 
to conventional approaches, a SWOT analysis was con-
ducted (Fig.  2). This analytical framework is useful for 
summarizing the strengths, weaknesses, opportunities, 
and threats of this strategy. The strengths of this approach 
include increased ovarian sensitivity and responsiveness 
to exogenous FSH in women aged 35–40, resulting in a 
larger number of retrieved oocytes. Additionally, there 
is an enhancement of ovarian response per total unit of 
gonadotropin and a biological effect that is more similar 
to endogenous LH than HMG effect. Weaknesses in the 
DuoStim protocol include the absence of a consensus on 
LH measurement and its therapeutic window, the lack 
of studies comparing the effects of LH versus HMG, and 
the protocol’s limited application to advanced maternal 
age and/or previous poor/suboptimal responders. The 
aim is to restore adequate LH levels after agonist trigger 
in the second stimulation, promote steroidogenesis and 
folliculogenesis by increasing androgen production and 
estrogen levels, stimulate early stages of follicular growth 
to improve the recruitment of pre-antral and antral fol-
licles, and enhance the expression of FSH receptors in the 
granulosa cells. The potential drawbacks of this approach 
include the absence of a cost-effectiveness analysis, the 
administration of high doses of gonadotrophins, and the 
lack of concrete evidence supporting positive effects on 
oocyte competence and clinical outcomes. In order to 
address these weaknesses, further studies are required to 
fully understand the potential risks and benefits of this 
method.

Conclusions
Evidence of multiple waves of follicular growth during 
one ovarian cycle has led to the development of novel 
ovarian stimulation strategies that aim to better exploit 
the ovarian reserve. The successful application of the ran-
dom start protocol in the context of urgent fertility pres-
ervation or luteal phase stimulation for poor responders 
has led to the theorization of DuoStim. This approach 
offers a unique opportunity to increase the number of 
oocytes retrieved and embryos obtained within a shorter 
timeframe for a specific group of patients who require a 
higher quantity of gametes to achieve a live birth.

Independent studies worldwide have provided grow-
ing evidence that oocytes obtained from unconven-
tional stimulations demonstrate the same competence 

in terms of fertilization, blastulation, and euploidy rates 
as those obtained from conventional stimulation. Addi-
tionally, euploid blastocysts from the II stimulation 
have been shown to have the same clinical, obstetric, 
and perinatal outcomes as those from the I stimula-
tion. The current studies are insufficient to recommend 
an ideal gonadotropin protocol for this strategy. It is 
important to note that this information is not conclu-
sive and further research is needed. However, using LH 
during stimulation may enhance ovarian response in 
DuoStim patients. The type of LH supplementation – 
LH versus hMG – is still a topic of debate and contro-
versy among practitioners, which can cause confusion.

From a psychological perspective, DuoStim can be 
considered a perfect fit for a multicycle approach, as 
it involves multiple ovarian stimulations within a sin-
gle therapeutic protocol. This approach is promising for 
specific patient populations who are candidates for IVF 
but have a low chance of obtaining a competent embryo. 
By accounting for two stimulations, DuoStim approach 
inherently involves the discussion with the couple that 
treatment unsuccess is a possibility and allows an upfront 
discussion of the benefits of multiple retrievals. Perhaps, 
two conventional stimulations in two consecutive cycles 
could achieve comparable results, but also entail a high 
risk of treatment discontinuation and longer time to 
obtain a euploid blastocyst and, ultimately, a live birth. 
Further studies are needed to investigate this approach, 
both in the context of randomized trials and real-life 
experiences.
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