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Abstract

Purpose To compare the effectiveness of starting the ovarian stimulation on the early follicular phase (“Conventional”) with the
newer range of non-conventional approaches starting in the luteal phase (“Luteal”), random-start, and studies implementing them
in DuoStim (“Conventional”+“Luteal”).

Methods Systematic review. We searched CENTRAL, PubMed, and Embase, on March 2020. We included randomized and
non-randomized controlled trials that compared “Luteal,” random-start ovarian stimulation or DuoStim with “Conventional”’; we
analyzed them by subgroups: oocyte freezing and patients undergoing ART treatments, both, in the general infertile population
and among poor responders.

Results The following results come from a sensitivity analysis that included only the low/moderate risk of bias studies. When
comparing “Luteal” to “Conventional,” clinically relevant differences in MII oocytes were ruled out in all subgroups. We found
that “Luteal” probably increases the COH length both, in the general infertile population (OR 2.00 days, 95% CI 0.81 to 3.19,
moderate-quality evidence) and in oocyte freezing cycles (MD 0.85 days, 95% CI 0.53 to 1.18, moderate-quality evidence).
When analyzing DuoStim among poor responders, we found that it appears to generate a higher number of MII oocytes in
comparison with a single “Conventional” (MD 3.35, 95%CI 2.54—4.15, moderate-quality evidence).

Conclusion Overall, this systematic review of the available data demonstrates that in poor responders, general infertile population
and oocyte freezing for cancer stimulation in the late follicular and luteal phases can be utilized in non-conventional approaches
such as random-start and DuoStim cycles, offering similar outcomes to the conventional cycles but potentially with increased
flexibility, within a reduced time frame. However, more well-designed trials are required to establish certainty.

Keywords Double ovarian stimulation - DuoStim - Random-start ovarian stimulation - Luteal-phase stimulation - Systematic
review
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Introduction

Classically, controlled ovarian hyperstimulation (COH) cy-
cles are started during the early follicular phase. During
COH, early antral follicles are required to grow synchronically
in response to exogenous gonadotropins, in order to accom-
plish simultaneous maturation [1]. It is challenging to find a
consistently efficient ovarian s4timulation protocol [2].
Currently, non-conventional strategies have been developed
to retrieve the greatest number of oocytes in the shortest pos-
sible time [3-5]. It could be especially important in some
specific patients, such as poor responders, and women seeking
fertility preservation before oncologic therapy [6-8].

Current evidence suggests that multiple cohorts or waves
of antral follicles are recruited continuously during a menstru-
al cycle [9—-11]. This concept helped to develop new ap-
proaches, in which the start of the ovarian stimulation is pro-
posed to be initiated not only at the early follicular phase but
also during the late follicular phase and in the luteal phase as
well. The awareness of the presence of multicyclic develop-
ment of follicles initially resulted in the appearance of the
random-start ovarian stimulation protocols for those requiring
urgent egg retrievals such as for fertility preservation. This
idea also brought some other approaches such as the luteal-
phase ovarian stimulation (“Luteal”), which was presented as
a novel strategy for a single stimulation especially for poor
responders, or as part of the double stimulation protocol
(DuoStim) as well [7, 9].

“Luteal” is a typical COH, but it starts two to 7 days fol-
lowing ovulation or oocyte retrieval. However, as the endo-
metrium misses synchronicity, a fresh embryo transfer is not
performed in this case. Otherwise, DuoStim is a back-to-back
stimulation protocol within the same menstrual cycle: one in
the follicular phase and a second one in the luteal phase of the
same cycle [2, 10, 12, 13]. Typically, it is a “Luteal” starting 2
to 5 days after oocyte retrieval. Several DuoStim protocols
have been recently described, such as the “New York propo-
sition,” that involves administering clomiphene citrate or
letrozole plus FSH/LH in FPS and in “Luteal” [13], the
“Shanghai protocol” that includes hMG in both phases, and
the “Italian protocol” [7, 14] that uses rFSH and rLH for both
FPS and “Luteal.”

Another alternative based on the concept of multiple
follicular waves is the random-start ovarian stimulation
approach [10, 15], starting not only in the early follicular
phase (“Conventional”) or the “Luteal” but also in the late
follicular phase [16]. Random-start protocols have been
proposed for urgent fertility preservation in oncology pa-
tients [6, 17]. If the patient is at the beginning of the
follicular or luteal phase, a “Conventional” or “Luteal”
protocol is started, similar to those described above. If
the patient is in a late follicular phase, the protocol varies
according to the presence or not of a dominant follicle.
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Our objective was to perform a systematic review of the
studies that assessed the effectiveness of the “Luteal,”
random-start ovarian stimulation, and DuoStim, in compari-
son with the usual “Conventional” for women undergoing
ART cycles for infertility or for fertility preservation.

Material and methods

A systematic search of all published and unpublished studies
until March 2020 with no language restriction was performed.
The protocol has been registered on PROSPERO
(CRD42019146416) and we followed the Cochrane methods
[18] and PRISMA statement for reporting [19].

Inclusion and exclusion criteria

We included randomized controlled trials (RCTs) with paral-
lel design, including the first phases of cross-over trials,
before-after studies, and retrospective and prospective co-
horts. We excluded those studies of DuoStim that compared
the outcomes of “Conventional” with those of the “Luteal” in
the same cycle. Participants in the studies were women under-
going COH for ART cycles (both patients and oocyte donors)
and patients undergoing COH for oocyte cryopreservation.
Each of these populations were analyzed separately as differ-
ent subgroups. We investigated the following interventions:
(a) “Luteal,” defined as a controlled ovarian stimulation that is
started in the luteal phase; (b) late follicular phase stimulation
(“Late follicular”), defined as a controlled ovarian stimulation
that is started in the follicular phase after day 7 of the cycle; (c)
DuoStim, defined as a “Conventional” and a “Luteal” in the
same menstrual cycle; (d) random-start ovarian stimulation
that did not specify where in the cycle was started, defined
as COH, started at any time outside of the “Conventional” [11,
13, 20, 21]. In those cases, in which the random-start stimu-
lation evaluated “Late follicular” and “Luteal” as different
groups, they were analyzed separately. In all cases, the com-
parator was an independent group of women that underwent a
standard “Conventional.”

‘When the studied intervention was DuoStim, we excluded
studies in which the comparator was the “Conventional” of
that DuoStim cycle, as they were not independent groups. To
improve the comparability between the interventions, we also
excluded those studies in which minimal stimulation was
compared with a standard COH protocol. The primary out-
come was the number of metaphase II oocytes. Secondary
outcomes were the total number of retrieved oocytes, number
of fertilized oocytes, number of total and euploid blastocysts,
clinical pregnancy rate, live birth rate, cumulative pregnancy
rate, multiple pregnancy rate, miscarriage rate, cancelation
rate (defined as cycles with incomplete COH, without re-
trieved oocyte or no embryos available to cryopreserve or
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transfer), ovarian stimulation length (measured in days), and
time to pregnancy.

Search methods for identification of studies

Electronic searches were performed in CENTRAL via the
Cochrane Register of Studies Online (CRSO), PubMed, and
Embase from inception to March 2020 (Supplemental table 1).

To identify additional studies, we performed hand searches
of the reference lists of all relevant publications. We also per-
formed searches to identify ongoing clinical trials in
ClinicalTrials.gov and the World Health Organization
(WHO) International Clinical Trials Registry Platform
(ICTRP). In addition, we searched conference proceedings
and some grey literature to identify relevant studies.

Data collection and analysis

A total of four reviewers (DG, RP, MM, KL) screened studies by
title and abstract. It was done by pairs of independent reviewers,
according to pre-specified criteria. Any disagreements were re-
solved by consensus. Then, included studies were randomly se-
lected, extracted, and independently assessed the risk of bias of
each study. Discrepancies were resolved by consensus. We used
the app Covidence for this purpose [22, 23].

Four independent reviewers (DG, RP, MM, KL) performed
the data extraction on a data extraction form previously piloted
in five studies. Discrepancies were resolved by consensus.

For continuous data, we calculated the mean difference
(MD) between treatment groups. For dichotomous data, we
calculated odds ratios (ORs) using the numbers of events in
the control and intervention groups of each study. We present-
ed 95% confidence intervals for all outcomes.

We performed the analysis per woman randomized in ran-
domized controlled trials. In non-randomized studies, the
analysis was performed per included woman (when that infor-
mation was not available, we analyzed per cycle, which was
taken into consideration to classify the risk of bias).

We analyzed data on an intention-to-treat basis whenever
possible. If missing or insufficient data were found, we attempted
to obtain such data by contacting the first or corresponding au-
thors of the relevant studies. We presented additional information
provided by the study authors, when available.

We considered whether the clinical and methodological
characteristics of the included studies were sufficiently similar
for meta-analyses, to provide a clinically meaningful summa-
ry. We assessed heterogeneity among the included studies by
measuring the 2. An I greater than 60% was considered to
indicate substantial heterogeneity [24].

We presented information in narrative and structured
(table-based) form to describe the results. Analyses were car-
ried out in Review Manager 5.3. We used the GRADE system
to assess the quality of evidence of included studies [25].

A subgroup analysis was performed to compare poor re-
sponders with the general infertility population, women un-
dergoing oocyte cryopreservation and oocyte donors.

We performed a sensitivity analysis including randomized
controlled studies and non-randomized studies, with overall
low and moderate risk of bias. We did not include studies with
serious and critical limitations.

Risk of bias and certainty of evidence assessment

Two separate review authors (DG, MM) assessed the risk of
bias independently for each included study. For randomized
controlled trials, we used the Cochrane tool for assessing the
risk of bias [26]. For non-randomized studies, this was
assessed using a checklist of essential items outlined in
ROBINS-I[27]. Study authors were contacted for clarification
when questions of methodology relevant to bias assessment
were raised [28]. Discrepancies were resolved by consensus.
As there were not enough studies per comparison, we could
not use a funnel plot to assess the possibility of publication bias.
We prepared a “Summary of findings” table using the
GRADEpro GDT and Cochrane methods [24, 29]. This table
evaluated the overall quality of the evidence for some of the
primary and secondary outcomes. We assessed the quality of
evidence using the GRADE criteria. Two review authors (DG
and AC) independently graded the quality of evidence and
resolved any disagreements by discussion. We documented
and justified our judgments about the quality of the evidence.

Results
Description of the results

Our search strategy identified 1118 references from 1112
studies. After removing 82 duplicates, we screened 1030 ref-
erences by title and abstract and 944 were classified as non-
relevant, while of the remaining 86 full-text studies evaluated,
71 were excluded and 15 were included (Fig. 1) [6, 14,
30-42]. As some studies compared more than two interven-
tions, we finally made 22 comparisons for four interventions
in which one of them was compared with “Conventional”: 11
with “Luteal,” five with “Late follicular,” four with DuoStim
and two of them were from random-start stimulation studies
that did not specify the starting point in the cycle (Table 1).
Eleven of them were analyzed in women undergoing an ART
cycle for an infertility treatment (eight in poor responders and
three in the general infertile population), two included oocyte
donors and eight were performed in women undergoing oo-
cyte cryopreservation due to cancer. Finally, we also found 15
ongoing trials (Supplemental table 2).

The total number of retrieved oocytes, retrieved MII oo-
cytes, and COH length were the most commonly reported
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outcomes (Table 2). Only two comparisons reported live birth
rates, 11 comparisons reported clinical pregnancy rate, 10 re-
ported miscarriage rates, and six reported cancelation rates.
One study reported the number of euploid embryos. Reports
of the total number of blastocysts were too heterogeneous to
make a description or analysis. Cumulative live birth rate was
only reported in 10 patients in one study, and time to pregnan-
cy and multiple pregnancy rate were not reported in any of the
included studies.

Quality of the evidence of each included study and across
them is all shown in Fig. 2 and Table 3.

Subgroups (poor responders, general population, and oo-
cyte freezing for cancer) were analyzed separately below.
Data from oocyte donors was not included in the quantitative
analysis, as they came from a single very small study with 11
participants, and the evidence was very uncertain to withdraw
any conclusion (details are described in Tables 1 and 2).

A summary of the results and risk of bias were reported in
the Summary of findings tables (Table 4).

Luteal-phase stimulation
Poor responders

Four studies analyzed 865 women with low ovarian re-
serve (one RCT, one prospective, and two retrospective

@ Springer

cohort studies) evaluated “Luteal” versus “Conventional”
[33, 34, 39, 40]. The analysis ruled out a clinically im-
portant difference on the total number of retrieved oocytes
(MD 0.42, 95% CI 0.07 to 0.76) and MII oocytes (MD
0.83, 95% CI 0.28 to 1.37), which was confirmed when
we performed a sensitivity analysis including only low
and moderate risk of bias studies, where we have not
found clinically important differences for total number
of retrieved oocytes (MD 0.09, 95% CI —1.03 to 1.21)
and for MII oocytes (MD —0.50, 95% CI —1.65 to 0.65)
(Fig. 3). The evidence is very uncertain about the effect of
“Luteal” on live birth rate (OR 0.87, 95% CI 0.50 to
1.53), clinical pregnancy rate (OR 0.88, 95% CI 0.57 to
1.36), and miscarriage rate (OR 0.93, 95% CI 0.73 to
1.19). Due to the wide confidence interval and the very-
low-quality evidence, we are uncertain if “Luteal” in-
creases the ovarian stimulation length or the cancelation
rate in poor responders (Fig. 4 shows the sensitivity anal-
ysis including only low/moderate risk of bias).

General population

Three studies with 2229 women from the general infertile popu-
lation (one prospective and two retrospective cohort studies)
evaluated “Luteal” versus “Conventional” [30, 37, 42]. The anal-
ysis ruled out a clinically important difference on the total
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Table 1 Characteristics of included studies
Studies Country  Study design  Type of Participants Interventions Comparator
treatment
(subgroup of
patients)
Luteal-phase stimulation
Buendgen Germany Prospective IVF 40 participants (10 LPSand ~ LPS: uFSH 300 IU-GnRH eFPS: rFSH or hMG
2013 cohort (general) 30 eFPS) antagonists 150-225 IU/day-Gn-
Incl crit: 18-36 years; <3 Start: days 19-21 RH antagonists
earlier unsuccessful IVF
Excl crit: PCOS, EDT > 111
and expected poor response
Lin 2018 Taiwan  Prospective IVF 60 participants (30 LPS and ~ LPS: hMG 225 TU/day + CC eFPS: rFSH 300 IU/day
cohort (poor ovarian 30 eFPS) 100 mg/day - MPA + rLH 150 IU/day -
reserve) Incl crit: Bologna criteria 10 mg/day GnRH antagonists
Excl crit: previous Start: day 15-18
oophorectomy, exposure to
cytotoxic or pelvic
irradiation for malignancy,
positive screening for
recurrent pregnancy loss
Llacer 2020  Spain RCT IVF 60 participants (27 LPS and ~ LPS: rFSH 300 IU/day + rLH eFPS: rFSH 300 Ul/day
(poor ovarian 30 eFPS) 150 IU/day - GnRH antag-  + rLH 150 Ul/day -
reserve) Incl crit: Bologna criteria, onists GnRH antagonists
<41 years, regular Start: 4 days after an LH
menstrual cycles of positive test
21-35 days, indication for
IVF with 300 UI rFSH,
presence of both ovaries
Excl crit: Follicles > 10 mm in
the randomization visit,
EDT II/IV, concurrent
uterine pathology and
concurrent participation in
another study
Wang 2016  China Retrospective  IVF 2112 participants (727 LPS ~ LPS: Letrozole 2.5 mg/day ~ eFPS: hMG 150 IU/day
cohort (general) and 1385 eFPS) (for 5 days) + hMG or more - Triptorelin
225 TU/day (2-7 days after ~ 100 mcg/day
ovulation) - MPA 10 mg/-
day
Zhang 2018  China Retrospective IVF 385 participants (154 LPS and LPS: CC 50-100 mg/day + eFPS: CC
cohort (poor ovarian 231 eFPS) hMG 75-150 1U/day 50-100 mg/day (from
reserve) Incl crit: Bologna criteria (27 days after ovulation) -  day 3 to 7) + hMG
Dydrogesterone 20 mg/day ~ 75-150 1U/day (from
day 8)
Double stimulation (DuoStim)
Martazanova Russia ~ RCT IVF 148 participants (79 Duostim  DuoStim: not specified eFPS: not specified
2018 (poor ovarian and 72 eFPS) Start: day 2 for follicular stim
reserve) Incl crit: <43 years; AMH and 4 days after oocyte
< 1.2 ng/ml; AFC <6; retrieval
FSH>11 IU/ml
Excl crit: uterine fibroids,
deep EDT, cancer
Ubaldi 2015 Italy Before-after  IVF 34 participants (17 DuoStim  DuoStim: Gonadotrophins -  eFPS: not specified
study (poor ovarian and 17 eFPS) GnRH antagonists. Same
reserve) Same patient, less than protocol for both stimula-

6 months between the
conventional and the
double stimulation.
Incl crit: <7 oocytes in
previous cycle, AMH
< 1.6 ng/ml and antral
follicle count <7

tions.

After the first oocyte retrieval,
GnRH antagonist daily was
administrated for 3 days.

Start: day 2 for follicular stim
and 4 days after oocyte
retrieval

@ Springer
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Table 1 (continued)

Studies Country  Study design  Type of Participants Interventions Comparator
treatment
(subgroup of
patients)
Excl crit: not specified
Vaiarelli Italy Prospective IVF 197 participants (100 DuoStim: rFSH 300 [U/day + eFPS: rFSH 300 IU/day
2020 cohort (poor ovarian DuoStim and 197 eFPS) rLH 150 IU/day - GnRH +rLH 150 IU/day -
reserve) Incl crit: Bologna criteria for antagonist. Same protocol GnRH antagonists
poor responders for both stimulations.
Excl crit: not specified Start: day 2 for follicular stim
and 5 days after oocyte
retrieval
Random-start stimulation
Muteshi UK Retrospective  Oocyte and 137 participants (24 Random-start: 3 days of eFPS: rFSH or hMG
2018 cohort embryo random-start and 103 cetrorelix 0.25 mg 250 TU/day — GnRH
cryopreserva- eFPS) followed by antagonists

More than 2 intervention groups

Cakmak
2013

Cavagna
2018

Checa 2015

Jin 2018

@ Springer

USA

Brazil

Spain

China

Retrospective
cohort

Retrospective
cohort

RCT

Retrospective

cohort

tion (cancer)

Oocyte and
embryo
cryopreserva-
tion (cancer)

Oocyte
cryopreserva-
tion (breast
cancer)

Egg donors

IVF
(poor ovarian
reserve)

Incl crit: recently diagnosed
with cancer and referred for
fertility preservation.

Excl crit: not specified

128 participants (13 IFPS, 22
LPS and 93 eFPS)

Incl crit: recently diagnosed
with cancer and in
preparation for
chemotherapy/radiotherapy
or bilateral oophorectomy

Excl crit: history of infertility
or previous gonadotoxic
treatment

109 participants (42 eFPS, 20
IFPS and 47 LPS)

Incl crit: breast cancer with
indication of
chemotherapy, <40 years

Excl crit: advaced or
metastatic disease,
>41 years

11 participants (6 1FPS, 5
LPS, and 11 eFPS)

All participants had an eFPS
cycle followed by either an
IFPS or LPS cycle

Incl crit: 18-32 years, BMI
12-28, baseline FSH> 10

Excl crit: history of
chemotherapy,
gonadotoxic drugs,
infertility, ovarian surgery,
PCOS male factor

260 participants (132 eFPS,
76 DuoStim, 52 LPS)

Incl crit: Bologna criteria

Excl crit: basal FSH > 25
mlU/ml, EDT II/IV,
BMI < 18 or > 30 kg/m?

Gonadotrophins on fourth

day - GnRH antagonists
Start: at any point after

menstrual day 5

eFPS: Gonadotropins +
aromatase inhibitor —
GnRH antagonists

Gonadotropins + aromatase
inhibitor — GnRH antago-
nists

IFPS: start after day 7 with
follicle > 13 mm.

LPS: start on day 2-3 after
triggering or after high
progesterone detection

IFPS: hMG 150-300 IU/day
+ aromatase inhibitor —
GnRH antagonists con-
comitant with gonadotro-
pins. Start with the pres-
ence of dominant follicle
>10 mm

LPS: rFSH 150-300 IU/day +
aromatase inhibitor —
GnRH antagonists start
when evidence of follicle
rupture and endometrium
secretory pattern

IFPS: Ganirelix 0.25 mg on
day 10 until £, <60 pg/ml
followed by rFSH
225 1U/day — GnRH an-
tagonists

LPS: Ganirelix 0.25 mg on
day 20 until £, <60 pg/ml,

eFPS: hMG
150-300 IU/day +
aromatase inhibitor —
GnRH antagonists
start with the absence
of dominant follicle
>10 mm

eFPS: rFSH 225 1U/day
— GnRH antagonists

followed by daily rFSH
225 IU/day — GnRH an-
tagonists

eFPS: CC 50-100 mg/d
or letrozole 5 mg/d
(from day 3 to
7)+hMG
150-300 IU/d (from

LPS: CC 50-100 mg/day or
letrozole 5 mg/day lasting
5 days + hMG 150-300
Ul/day -GnRH antagonists.

DuoStim: Start: day 3 for
follicular stim and
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Table 1 (continued)

Studies Country  Study design  Type of Participants Interventions Comparator
treatment
(subgroup of
patients)
1-3 days after oocyte re- day 8) -GnRH antago-
trieval nists
LPS: Start: 1-3 days after
natural ovulation
Qin 2016 China Retrospective  IVF 150 participants (50 IFPS, 50 1FPS: hMG eFPS: hMG
cohort (general) LPS and 50 eFPS) 150-225 1U/d + CC 150-225 1U/d + MPA
Incl crit: <42 years; regular 25 mg/d + GnRH agonist+ 10 mg/d + CC
menstrual cycles the MPA 10 mg/d. 25 mg/d
previous 3-month; AFC >3  Start day 6-14 with follicle
or FSH <12 IU/L, BMI >10 mm. + E;>75.
17-27 kg/m® LPS: hMG
Excl crit: AFC <3 or FSH 150-225 IU/d+ CC
>12, EDT III/IV, PCOS, 25 mg/d.
receipt of hormone Start after day 14 with
treatments within the P4>6.5 mg or corpora
previous 3-month period, luteum
including oral, any contra-
indications to COH
Von Wolf  Germany Retrospective Oocyte 684 participants (109 LFPS  IFPS: rFSH or h(MG — GnRH eFPS: rFSH or hMG —
2016 cohort cryopreserva- 103 LPS and 472 eFPS) antagonists GnRH antagonists
tion (cancer)  Incl crit: Not specified Start day 6-14
Excl crit: Not specified LPS: rFSH — GnRH antago-
nists.

Start after day 14

LPS, luteal-phase stimulation. eF'PS, early follicular phase stimulation. /FPS, late follicular phase stimulation. AFC, antral follicular count. Spont cycle,
spontaneous cycle. /ncl crit, inclusion criteria. Excl crit, exclusion criteria. /VF, in vitro fertilization. PCOS, polycystic ovarian syndrome. COH,
controlled ovarian hyperstimulation. £DT, endometriosis. BMI, body mass index. E,, estradiol. #FSH, recombinant follicle-stimulating hormone.
rLH, recombinant luteinizing hormone. 2MG, human menopausal gonadotropin. CC, clomiphene citrate. MPA, medroxyprogesterone

number of retrieved oocytes (MD — 0.94, 95% CI —2.56 to 0.67)
and MII oocytes (MD 1.44, 95% C1 0.87 to 2.01) (Fig. 3 shows
the sensitivity analysis including only low/moderate risk of bias).
Due to the very low quality of evidence, we are uncertain about
the effect of “Luteal” on live birth rate (OR 1.24, 95% CI 1.05 to
1.49), clinical pregnancy rate (OR 1.18, 95% CI 1.00 to 1.39),
and miscarriage rate (OR 0.93, 95% CI 0.73 to 1.19). Both the
overall evaluation and the sensitivity analysis that included only
the study with low risk of bias studies showed that stimulation is
longer in “Luteal” (OR 2.00 days, 95% CI 0.81 to 3.19) (Fig. 4
shows the sensitivity analysis including only low/moderate risk
of bias). We are uncertain if cancelation rate is different among
both types of stimulations.

Oocyte freezing

Three studies that analyzed 808 women undergoing oocyte
freezing (retrospective cohort studies) evaluated “Luteal” ver-
sus “Conventional” [20, 31, 38]. “Luteal” may slightly in-
crease the total number of retrieved oocytes (MD 1.85, 95%
C10.46 to 3.23) but it rules out an important clinical difference
in MII oocytes (MD 1.30, 95% CI -0.78 to 3.39) (Fig. 3). We

found that “Luteal” probably slightly increases the ovarian
stimulation length (MD 0.85 days, 95% CI 0.53 to 1.18)
(Fig. 4 shows the sensitivity analysis including only low/
moderate risk of bias).

DuoStim

The four included studies (one RCT, one prospective co-
hort, one retrospective cohort, and one before-after study)
compared DuoStim with a single “Conventional,” evaluat-
ed only poor responders that underwent IVF cycles [14, 33,
35, 41]. DuoStim showed a higher number of total re-
trieved oocytes (MD 4.68, 95% CI 3.75 to 5.62) and MII
oocytes (MD 3.35, 95% CI 2.54 to 4.15), almost doubling
the number obtained in an “Conventional” (Fig. 5). One
observational study showed that more women got at least
one euploid embryo in a DuoStim in comparison to a sin-
gle “Conventional” (33% vs 19.3%, p<0.05) [41]. It is
unclear if DuoStim increases the clinical pregnancy rate
(OR 1.41, 95% CI 0.85 to 2.34) and miscarriage rate (OR
0.64, 95% CI 0.17 to 2.31) in comparison with a single
“Conventional.” Live birth rate was analyzed by a single

@ Springer
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Table 2  Outcomes results

Luteal-phase stimulation

Studies MII oocytes (+SD) Clinical pregnancy rate Cancelation rate Days of stimulation (SD)
LPS eFPS LPS eFPS LPS eFPS LPS eFPS
Poor ovarian reserve
Jin 2018 [33] NA NA 10/25 (40%) 17/56 (30.4%) 13/56 38/132 11.2+3.0 89+24
(23.2%) (28.8%) (52) (132)
Lin 2018 [34] 24+14 12+0.8 528 (17.9%) 3/23(13.0%) 2/30(6.7%) 7/30 (23.3%) 11.5+2.2 9.9+2.0
(28) (23) (28) (23)
Llacer 2020 [39] 2.1£2.0 26+22 NA NA 6/30 (20%)  3/30 (10%) 84+28 8.2+4.1
(24) 27 (24) 27)
Zhang 2018 [40] NA NA 31/109 62/163 NA NA 11.3+£3.6 8.1+238
(28.4%) (38.0%) (154) (231)
General population
Buendgen 2013 [30] 72+39 7.9+4.8 1/10 (10%)*  6/30 (20%)* NA NA 11.7+1.6 9.1+1.3
(10) (30) 10) (30)
Qin 2016 [37] 52+39 57+3.6 14/36 17/41 (41.4%) 8/50 (16%)  5/50 (10%) 109+34 89+14
36) (41) (38.9%) (36) (41)
Wang 2016 [42] 10.9+7.6 9.1+55 365/822 656/1675 90/727 138/1385 104+1.8 82+1.7
(727) (1385) (44.4%) (39.2%) (12.4%) (10%) (727) (1385)
Oocyte freezing
Cakmak 2013 [6] 10.3+6.3 9.7+6.7 NA NA NA NA NA NA
(22) (103)
Cavagna 2018 [31] 109+7.4 8.9+6.8 NA NA NA NA NA NA
(47) (41)
Von Wolf 2016 [38] NA NA NA NA NA NA 11.5£22 10.8+2.4
(103) 472)
Oocyte donors
Checa 2015 [32] 13.2+52 124+52 3/5 (60%) 2/5 (40%) NA NA 10.6+£2.1 122+1.9
) ) &) (%)

Late follicular phase stimulation

General population

Qin 2016 [37] 52+£37 57+36 15/33 17/41 (41.5%) 11/50 22%) 5/50 (10%) 11.4+3.1 89+14
(33) (41) (45.5%) (33) (41)
Oocyte freezing
Cakmak 2013 [6] 9.1+5.1 9.7+6.7 NA NA NA NA 10.5+1.5 93+1.5
(13) (103) (13) (103)
Cavagna 2018 [31] 8.0+54 8.9+6.8 NA NA NA NA 9.7+1.3 99+1.3
1) 41) 1) 41)
Von Wolf 2016 [38] NA NA NA NA NA 10.6+£2.7 11.6+7.7
(109) (472)
Oocyte donors
Checa 2015 [32] 13.0+9.1 16.2+4.1 6/6 (100%) 3/6 (50%) NA NA 98+08(6) 104+1.5
(6) (6) (6)

Double stimulation

Poor ovarian reserve

Jin 2018 [33] NA NA 19/52 17/56 (30.4%) 10/76 38/132 NA NA
(36.5%) (13.1%) (28.7%)
Martazanova et al. 74+3.6 39+2.0 39/76 30/72 (41.7%) NA NA NA NA
2018 [35] (76) (72) (51.3%)
Ubali 2015 [14] 6.1£3.0 32+1.5 NA NA NA NA NA NA
a7 a7
Vaiarelli 2020 [41] NA NA 15/100 (15%) 16/197 (8.1%) NA NA NA NA

Random-start stimulation (not specified)
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Table 2 (continued)

Oocyte freezing

Cakmak 2013 [6] 99464 97484 NA
(35) (109)
Muteshi 2018 [36] NA NA NA

NA NA NA 109+1.5  93+1.6
(35) (109)

NA NA NA 122436  115+15
(24) (103)

Continuous outcomes are expressed as mean =+ standard deviation. Dichotomic outcomes are expressed as n/N (%). NA, not available. M1/, metaphase II.
LPS, luteal-phase stimulation. eFPS, early follicular phase stimulation. /FPS, late follicular phase stimulation

*Cumulative pregnancy rate

TLive birth rate/ongoing pregnancy rate

small prospective cohort study, showing that it may be
higher in DuoStim (OR 2.00, 95% CI 0.94 to 4.23) but
the confidence interval is wide. The evidence is very un-
certain about the effect of DuoStim on the cancelation rate
(OR 0.56, 95% CI 0.26 to 1.23).

We did not find studies evaluating DuoStim in women
that were not poor responders or studies evaluating
DuoStim versus two separates classical “Conventional.”

Random-start stimulation

Six studies evaluated 11 different comparisons in women un-
dergoing a random-start stimulation (all retrospective cohort
studies) [20, 31, 33, 36-38]. Four of them were evaluated in
the “Luteal” section. The other started on late follicular phase
or did not specify in which part of the cycle the stimulation
was started. The evidence is very uncertain about the effect of
random-start stimulation on all the analyzed outcomes (see
details in Tables 1 and 2).

LPS EFPS

Study or Subgroup  Mean SD Total Mean

SD Total Weight

Discussion

We found no differences in the number of retrieved oocytes
when comparing “Luteal” with “Conventional,” neither in 0o-
cyte freezing for cancer nor for ART treatments among poor
responders or general infertile population. We also found that
“Conventional” is probably a day or two shorter than
“Luteal.” No high-quality evidence was found for live birth,
clinical pregnancy, and miscarriage rates for “Luteal.” No
conclusions could be drawn for the late follicular stimulation
and random-start stimulation in general, as the evidence is
very low quality. Finally, DuoStim, as expected, showed that
it may be associated with a higher number of total retrieved
oocytes, MII oocytes, and euploid embryos, almost doubling
the number obtained in “Conventional.” In terms of live birth,
clinical pregnancy, and miscarriage rates, DuoStim may be
better than the “Conventional” but, due to the limited number
of events, no definitive conclusion can be reached.
Unfortunately, we found no studies comparing DuoStim with
two separate “Conventional.”

Mean Difference
1V, Fixed, 95% CI

Mean Difference
1V, Fixed, 95% CI

1.2.1 Poor Ovarian Reserve

Lin 2018 2.4 1.4 28 1.2 0.8 23
Llacer 2020 (RCT) 2.1 2 24 2.6 2.2 27 100.0%
Subtotal (95% CI) 24 27 100.0%

Heterogeneity: Not applicable
Test for overall effect: Z = 0.85 (P = 0.40)

1.2.2 General population

Buendgen 2013 7.2 3.91 10 7.87 4.75 30
Qin 2016 5.2 3.9 36 5.7 3.6 41 100.0%
Wang 2016 10.9 7.6 727 9.1 5.5 1385
Subtotal (95% CI) 36 41 100.0%

Heterogeneity: Not applicable
Test for overall effect: Z = 0.58 (P = 0.56)

1.2.3 Egg freezing for cancer

Cakmak 2013 10.3 6.3152 22 9.7 6.6517 103 50.5%
Cavagna 2018 10.94 7.43 47 8.92 6.75 41  49.5%
Subtotal (95% CI) 69 144 100.0%

Heterogeneity: Chi? = 0.45, df = 1 (P = 0.50); I> = 0%
Test for overall effect: Z = 1.22 (P = 0.22)

Test for subgroup differences: Chi? = 2.38, df = 2 (P = 0.30), I> = 15.9%

Fig. 2 Assessment of risk of bias across observational studies

Not estimable
-0.50 [-1.65, 0.65]
-0.50 [-1.65, 0.65]

-

Not estimable
-0.50[-2.18, 1.18]
Not estimable

-0.50 [-2.18, 1.18] el
0.60 [-2.33, 3.53] =
2.02 [-0.94, 4.98] =
1.30 [-0.78, 3.39] e
-4 -2 0 2 4

Favours EFPS Favours LPS

@ Springer



J Assist Reprod Genet

Table 3 Assessment of risk of bias of each study

Assessment of Risk of bias: observational studies

Confounding

Selection of participants

Classification of intervention

Variations from intended interventions

Missing data

Measurement of outcomes

Reporting selection

Overall Risk of Bias

0% 10% 20%

mlow m Moderate mSerious

#More than 10% of missing data

30%

m Critical

40% 50% 60% 70% 80% 90%  100%

Missing information

° COH protocol is different in both groups. And frozen-thawed embryo transfers were done in LPS group while fresh embryo transfer were done in eFPS

group
€ Most known important variables are balanced

91t is unclear if some known important variables are balanced or not

¢ Both intervention and comparator were performed on the same group of women within a 12-month period. Therefore, variables are balanced

FCOH protocol is different in both groups

£Women’s age was different in both groups. Only unsuccessful cycles in the eFPS cycles were included

"t is unclear if some known important variables are balanced or not

{COH protocol is different in both groups. Besides, denominator are cycles and not women

JCOH protocol is different in both groups and participants in ¢eFPS group are younger

This is the most updated and complete systematic review
on different sections of the menstrual cycle when COH was
started, including a dual stimulation protocol within the same
cycle. The search was performed in the most relevant data-
bases without language restrictions. We not only included
those studies in which the intervention was “Luteal,” but we
also included those that involved a DuoStim as well as those
that were started randomly during any other portion of the
menstrual cycle, including “Late follicular.” We limited the
inclusion criteria to studies that compared any of the above-
mentioned interventions vs the classic “Conventional,” to see
how these interventions compared with the standard COH,
and to investigate if saving time by starting the COH sooner,

@ Springer

rather than waiting for the next cycle could be a valid option.
We decided to make a broad approach in order to enhance the
generalizability of the results. Therefore, we included ART
treatments for general population and poor responders, wom-
en undergoing fertility preservation, and oocyte donors as
well. To prevent any methodological flaw, we made separate
subgroup analysis only, not pooling data from different pop-
ulations. Quality of the evidence was analyzed systematically
by pairs of independent reviewers, we used different types of
tools according to the study design, and we provided adequate
valuation of the available evidence, which reinforced the need
for better primary research on this topic. Given the paucity of
randomized trials, we also included non-randomized studies.
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Table 4 Summary of findings table

Summary of findings:

Luteal Phase Stimulation compared with Early Follicular Phase Stimulation for controlled ovarian hyperstimulation

Patient or population: Women undergoing a controlled ovarian hyperstimulation Intervention: Luteal Phase Stimulation (LPS)
Setting: IVF unit Comparison: Early Follicular Phase Stimulation (eFPS)
Outcomes Anticipated absolute effects’ (95% Cl) Relative effect Ne of participants Certainty of the Comments
(95% Cl) (studies) evidence
Risk with eFPS Risk with Luteal Phase (GRADE)
Stimulation
i The mean total retrieved MD 0.05 lower - 272 This is a sensitivity analysis including only the studies with
Total retrieved oocytes oocytes was 9.7 (0.97 lower to 0.87 (1RCTand 3 ®%(W)ao low and moderate risk of bias
higher) observational studies)
The mean metaphase Il MD 0.37 lower - 263 This is a sensitivity analysis including only the studies with
Metaphase I OOCYtES oocytes was 6.9 (1.27 lower to 0.52 (1RCTand 3 ®%(W)ao low and moderate risk of bias
higher) observational studies)
Clinical pregnancy 404 per 1000 434 per 1000 OR1.13 3038 ) o000
(397 to 472) (0.97 t0 1.32) (7 observational studies) VERY LOW®
Miscan—iage 115 per 1000 107 per 1000 OR0.93 2998 _ eaooo
(86 to 133) (0.7310 1.19) (6 observational studies) VERY LOW®
i i The mean days of MD 1.93 higher - 202 This is a sensitivity analysis including only the studies with
Days of stimulation stimulation was 9.1 (1.31 higher to 2.55 (2 observational studies) GB%(WDEO low and moderate risk of bias and excluding low responders
higher) and egg donors
i 638 per 1000 771 per 1000 OR1.91 160 This is a sensitivity analysis including only the studies with
CyCIe cancellation (492 to 895) (0.75t0 4.84) (1RCT and 1 GB&)J%GO low and moderate risk of bias and excluding egg donors
observational study) ’
i i 379 per 1000 423 per 1000 OR1.20 2779
Live Birth (383 to 464) (1.02t0 1.42) (2 observational study) %198‘/9

Double Stimulation compared with a single Early Follicular Phase Stimulation for controlled ovarian hyperstimulation

Patient or population: Women undergoing a controlled ovarian hyperstimulation Intervention: Double Stimulation
Setting: [VF unit Comparison: Single Early Follicular Phase Stimulation (eFPS)
Outcomes Anticipated absolute effects’ (95% Cl) Relative effect Ne of participants Certainty of the Comments
(95% Cl) (studies) evidence
Risk with a single eFPS  Risk with Double Stim (GRADE)
i The mean retrieved MD 4.68 higher - 172
Retrieved oocytes oocytes was 4.4 (3.75 higher to 5.62 (1RCTand 1 $®®O
: : MODERATE ¢
higher) observational study)
i The mean retrieved MD 3.35 higher - 182
Retrieved metaphase I metaphase Il oocytes (2.54 higher to 4.15 (1RCTand 1 ,%g%gi%
oocytes was 3.6 higher) observational study)
Clinical pregnanc 367 per 1000 450 per 1000 OR 1.41 256 ®
preg Y (330 to 576) (0.85102.34) (1RCT and 1 VE%QWCR
observational study)
Miscarriage 47 per 1000 31 per 1000 OR0.64 256 ®
9 (80 102) (0170 2.31) (1RCTand 1 VE%S))WC"?
observational study)
i i 81 per 1000 150 per 1000 OR 2.00 297
Live Birth (7710 272) (0.94 t0 4.23) (1 observational study) @%%)HC)
i 212 per 1000 131 per 1000 OR 0.56 208
Cyde cancellation (65 to 249) (0.25t0 1.23) (1 observational study) 328 8‘/(3“

*The risk in the intervention group (and its 95% confidence interval) is based on the assumed risk in the comparison group and the relative effect of the
intervention (and its 95% CI)

C1I, confidence interval; MD, mean difference; OR, odds ratio
GRADE Working Group grades of evidence
High certainty: We are very confident that the true effect lies close to that of the estimate of the effect

Moderate certainty: We are moderately confident in the effect estimate: The true effect is likely to be close to the estimate of the effect, but there is a
possibility that it is substantially different

Low certainty: Our confidence in the effect estimate is limited: The true effect may be substantially different from the estimate of the effect

Very low certainty: We have very little confidence in the effect estimate: The true effect is likely to be substantially different from the estimate of effect
#One RCT and 2 retrospective cohorts with low/moderate risk of bias. Main reason for downgrading is the study design

® Most studies are cohorts and before-after, and four with serious/critical risk of bias. Main reasons for downgrading are limitations due to study design and confounding

©One RCT and one retrospective cohorts with moderate risk of bias. Main reason for downgrading is the study design
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4 Confidence interval is wide, showing that LPS could reduce slightly the cancelation rate or increase it a lot

®Two cohort studies with critical risk of bias (the larger with 90% of the weight is retrospective). Main reasons for downgrading are limitations due to

study design and unbalanced confounding

f Confidence interval is wide, showing that LPS could increase or have no effect on liver birth rate

€ One RCT with unclear risk for randomization method and allocation concealment and one before-after cohort with critical risk of bias. Main reason for

downgrading is the study design

1 One RCT with unclear risk for randomization method and allocation concealment and one retrospective cohort with moderate risk of bias. Main reason

for downgrading is the study design

i Confidence interval is wide, showing that Double stimulation could reduce or increase the clinical pregnancy rate

J Confidence interval is wide, showing that Double stimulation could reduce or increase the miscarriage rate

¥ One small prospective cohort with moderate risk of bias. Main reason for downgrading is the study design

! Confidence interval is wide, showing that Double stimulation could make little or no increase in live birth rate, or it could be a large increase in live birth rate

™ One small retrospective cohort with critical risk of bias. Main reason for downgrading is the study design and limitations in confounding

" Confidence interval is wide, showing that Double stimulation could reduce or increase the cancelation rate

After performing a sensitivity analysis, we were able to con-
firm those results. The inclusion of non-randomized trials
makes these results more generalizable.

A limitation in our study is that the certainty of the evidence is
low to very low. We are aware that combining RCTs with other
study designs could be controversial, but we took this approach
only in cases that lacked heterogeneity between studies. Only
two RCTs were included, and they showed some domains with
a high risk of bias. In the rest of the cases, the decision-making
process when choosing a stimulation protocol depended arbitrari-
ly on the treating physician, and the lack of random allocation of
the patients created a serious to critical overall risk of bias for

LPS EFPS

most studies. Differences observed between the stimulation pro-
tocols used in the intervention and the comparator group, as well
as the imbalance found between the compared groups, made
comparisons difficult. Although this variability, both in the inter-
vention and the comparator, was evident in the heterogeneity of
some outcomes, some others such as the number of oocytes were
not compromised and pooling of data helped to obtain more
precise results. Most of the evidence about the timing on when
to start COH was weak, and therefore, we need better quality
studies to prove if recommending “Late follicular,” “Luteal,” or
DuoStim protocols affect the outcomes when compared with a
standard “Conventional.”

Mean Difference Mean Difference

Study or Subgroup  Mean SD Total Mean SD Total Weight 1V, Fixed, 95% CI 1V, Fixed, 95% CI
1.3.1 Poor Ovarian Reserve

Jin 2018 11.2 3 52 8.9 2.4 132 Not estimable
Lin 2018 11.5 2.2 28 9.9 2 23 Not estimable
Llacer 2020 (RCT) 8.4 2.8 24 8.2 4.1 27 100.0% 0.20[-1.71,2.11]
Zhang 2018 11.3 3.6 154 8.1 2.8 231 Not estimable
Subtotal (95% CI) 24 27 100.0% 0.20[-1.71,2.11]
Heterogeneity: Not applicable

Test for overall effect: Z = 0.21 (P = 0.84)

1.3.2 General population

Buendgen 2013 11.7 1.57 10 9.1 1.32 30 Not estimable

Qin 2016 10.9 3.4 36 8.9 1.4 41
Wang 2016 10.4 1.8 727 8.2 1.7 1385
Subtotal (95% CI) 36 41
Heterogeneity: Not applicable

Test for overall effect: Z = 3.29 (P = 0.0010)

1.3.3 Egg freezing for cancer

Cakmak 2013 11.2 1.5788 22 9.3 1.535 103
Cavagna 2018 10.26 1.45 47 9.85 1.33 41
von Wolff 2016 11.5 2.2 103 10.8 2.4 472
Subtotal (95% CI) 22 103

Heterogeneity: Not applicable
Test for overall effect: Z = 5.15 (P < 0.00001)

Test for subgroup differences: Chi? = 2.86, df = 2 (P = 0.24), I*> = 30.2%

100.0%

100.0%

100.0%

100.0%

2.00[0.81, 3.19]
Not estimable
2.00 [0.81, 3.19]

1.90[1.18, 2.62]
Not estimable

Not estimable
1.90 [1.18, 2.62]

——
R
i
-

-4 -2 0 2
Favours LPS Favours EFPS

.

Fig.3 MII oocyte retrieval in LPS and eFPS. Description of the illustration: Sensitivity analysis including best quality studies fails to show any clinically

significant
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DuoStim EFPS Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight 1V, Fixed, 95% CI 1V, Fixed, 95% CI
Martazanova 2018 (RCT) 74 3.6 76 3.9 2 72 74.7% 3.50[2.57, 4.43] _.—
Ubaldi 2015 6.11 3.03 17 3.22 1.48 17  25.3% 2.89[1.29, 4.49] e —
Total (95% CI) 93 89 100.0% 3.35 [2.54, 4.15] E =
Heterogeneity: Chi? = 0.42,df = 1 (P = 0.52); I = 0% _=4 —=2 5 é j‘

Test for overall effect: Z = 8.14 (P < 0.00001)

Favours EFPS Favours DuoStim

Fig. 4 Ovarian stimulation length in LPS and eFPS. Description of the illustration: Sensitivity analysis including best quality studies in normo-

responders shows that LPS may be some longer than eFPS

We have found one previous systematic review that only
included DuoStim in comparison to “Conventional,” this re-
view evaluated five studies with a meta-analytical approach
[43]. Although most of the included studies for this compari-
son were similar to ours, we excluded one of the studies in-
cluded in that review, because “Conventional” was part of the
DuoStim cycle [44], which was an exclusion criterion in our
analysis. In agreement with our review, they also found that
DuoStim cycles were associated with a higher total number of
MII oocytes and embryos, a longer COH length, a higher dose
of exogenous gonadotropins, and a lower cycle cancelation
rate. They did not find important differences in clinical preg-
nancy rate, ongoing pregnancy rate, or miscarriage rate either.

Similar to our findings, they highlighted that the enrolled pop-
ulations had a high level of heterogeneity and classified the
evidence as low quality. Although these authors also com-
pared “Luteal” with “Conventional,” they only included stud-
ies in which both arms came from a single DuoStim cycle. On
the contrary, we included studies that compared both interven-
tions (“Luteal” and “Conventional”) but performed in separate
cycles. The advantage of comparing separate cycles is that the
internal and external validity is higher in order to analyze if
“Luteal” outcomes are different from “Conventional.” There
is a second systematic review on this topic, published in 2017,
which searched only for English-language studies within
PubMed [21]. They did not perform a meta-analysis and the

Assessment of Risk of bias: observational studies

Cortouncins I

Selection of participants

Classification of intervention

Variations from intended interventions

Missing data

Measurement of outcomes

Reporting selection

Overall Risk of Bias

0% 10% 20%

B low ™ Moderate

30% 40% 50% 60% 70% 80% 90%

M Serious M Critical

100%

Missing information

Fig. 5 MII oocyte retrieval in double stimulation and eFPS. Description of the illustration: Double stimulation probably increases the number of MII

oocytes in comparison with eFPS
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main objective of the study was to assess the use of progestins
to prevent the LH surge; therefore, its conclusions only refer to
that specific topic. We have not found other systematic re-
views comparing “Conventional” with “Late follicular,”
LFP, random-start ovarian stimulation, or DuoStim. Finally,
there is one other study that was only partially included in our
review [41]. This study compared 100 patients who
underwent a DuoStim with 197 patients that underwent a sin-
gle conventional stimulation. Out of the 181 that did not get
pregnant in the second group, only 17 came for a second
single stimulation, with no further pregnancies. It would be
useful to have more studies like this but including a larger
number of patients with a second classical COH.
Information like that would help us to answer an important
question: is it more efficient to perform a single DuoStim or
two single classical stimulations? Performing a DuoStim cycle
allows patients to undergo two oocyte retrievals in a shorter
amount of time.

Conclusions

This is the most updated and comprehensive review on this
topic. This study shows that starting the COH during any part
of the menstrual cycle could be an option for all poor re-
sponders, general infertile population, and patients undergo-
ing oocyte freezing for cancer. We also found that performing
a DuoStim protocol could achieve a higher number of re-
trieved MII oocytes in a single menstrual cycle in poor re-
sponders. We are fully aware that current evidence comes
mainly from observational studies with a high risk of bias,
and few randomized controlled trials. However, given the
popularity of some of these protocols (i.e., DuoStim), we feel
that this manuscript will establish the current status in regard
to the scientific evidence and strength behind these alternative
stimulation protocols, and encourage the performance of bet-
ter and more appropriate studies on this topic.
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