
12Minimal or Mild Ovarian Stimulation
for IVF: Overview

A.K. Datta, MD, MRCOG, S. Campbell, DSc (Lond),
FRCP (Ed), FRCOG and G. Nargund, FRCOG

Introduction

The International Society of Mild Approach
Assisted Reproduction (ISMAAR) defined Mild
Stimulation in-vitro fertilization (MS-IVF) as ‘a
method when follicle stimulating hormone
(FSH) or human menopausal gonadotropin
(hMG) is administered at a lower dose and or for
a shorter duration in a Gonadotropin realizing
hormone (GnRH)-antagonist co-treated cycle, or
when oral compounds, anti-estrogens or aro-
matase inhibitors (AIs) are used either alone or in
combination with gonadotropins (Gn) with an
aim to collect a fewer number of oocytes’ [1].
Typically, the aim of a MS-IVF is to retrieve
between 2 to 7 oocytes through a treatment cycle
with minimum deviation from normal human
physiology. Sequential clomiphene citrate
(CC) and low-dose Gn in an antagonist cycle was
introduced by the name of ‘minimal stimulation’
IVF [2]; many authors continue using this term to
denote IVF cycles with CC or AIs with or

without Gn or GnRH antagonist co-treatment [3,
4]. MS-IVF has also been variously termed as
‘low-intensity’ IVF, ‘low intervention’ IVF or
‘mini’ IVF. It is to be noted that MS-IVF is not
synonymous with ‘natural IVF’ which is defined
as: ‘..IVF is carried out with oocytes collected
from a woman’s ovary or ovaries in a sponta-
neous menstrual cycle without administration of
any medication at any time during the cycle’ or
‘administration of GnRH antagonist to block the
spontaneous luteinizing hormone (LH) surge
with or without FSH or hMG as add-back ther-
apy’ [1].

The concept of ‘mild’ ovarian stimulation is
not new. Following the birth of the first IVF baby
from a natural cycle, low dose of Gn with or
without oral anti-estrogens were used in the early
days of IVF, in order to achieve multi-follicular
growth [5]. Subsequently, controlled ovarian
hyperstimulation (COH) with higher dose of Gn
prevailed in the IVF world, as pituitary down-
regulation (desensitisation) by GnRH agonist
was introduced to prevent premature ovulation in
late 1980s. The so-called long downregulation
protocol soon became the mainstay of IVF
treatment; today this is usually regarded as
‘conventional’ IVF (C-IVF). The aim of C-IVF is
to produce as many oocytes as possible, to allow
selection of one or more embryos for transfer
from a decent cohort of embryos, and also to
enable the remaining suitable embryos to be
cryo-preserved [6]. The downregulation protocol
thus requires administration of Gn, often for long
duration and at a high dose, to develop follicles
from completely shut-down ovaries [7]. The side
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effects and risks of intense ovarian stimulation
and multiple embryo transfer (ET) in a C-IVF
have been well recognized. Ovarian hyperstim-
ulation syndrome (OHSS) and twin or
higher-order birth are the two major concerns in
relation to C-IVF programmes. In addition, pro-
longed treatment cycles with intense hormonal
manipulation often causes physical discomfort
and frequently appears as an emotional burden to
the women undergoing treatment [8]. Not least,
the cost of the treatment soars with the increasing
requirement for medications. As a consequence,
toward mid-90s, the need for a safer and more
‘patient-friendly’ ovarian stimulation protocol
was called for [9, 10].

The advent of GnRH antagonist as an agent to
suppress a premature LH surge and its increasing
clinical use made the milder ovarian stimulation in
IVF cycles possible. In contrast to GnRH agonists,
the antagonists directly compete for the GnRH
receptors in the pituitary and suppress the LH
secretion within few hours of administration.
Through a process of ‘topping-up’ the physiologi-
cal follicular stimulation, only the healthier and
more competent follicle(s) tend to develop [11],
increasing the probability of obtaining better qual-
ity, euploid embryos [12]. Although fewer oocytes
are obtained, comparable clinical outcomes are
achieved in a treatment cycle which is less intense,
less costly, safer, and more patient-friendly (see
below) [13]. Compared to a C-IVF treatment,
women findMS-IVF a less stressful experience and
they are more likely to undergo repeat MS-IVF
following a failed cycle [8, 14]. Today many cen-
ters around the world are actively involved in the
practice of MS-IVF and its research.

MS Protocols

(1) Low-dose Gn: A fixed low dose of Gn
(usually 150 i.u./day of FSH), titrated with
body mass index (BMI), is started in early
follicular phase (either on 2nd day or day 5
of a natural menstrual cycle). GnRH antag-
onist (e.g., Cetrorelix) is commenced when
the leading follicle is around 14 mm in
diameter or if indicated by serum estradiol

level (usually >800 pmol/l). Ovulation is
triggered when 3 follicles reaches a diameter
of 17 mm or greater. Oocyte retrieval is
performed 35–36 h after the ovulation
trigger.

(2) Oral anti-estrogens-selective estrogen receptor
modulator (SERMs) or AIs with or without Gn
top-up: The SERM, commonly used is either
CC (usually 100 mg/day) or tamoxifen
(40 mg/day). Letrozole (2.5 mg/day) is the
most commonly administeredAI. There are two
different regimens for anti-estrogens:

(a) Anti-estrogens are administered for 5
days—starting from 2nd or 3rd day of a
natural menstrual cycle and low dose
(usually 150 iu) of FSH (±LH) is added
from 5th day on either daily or alternate
day, depending on the initial ovarian
response. GnRH antagonist is com-
menced when the follicles are around
14 mm or as indicated by serum estra-
diol and LH levels.

(b) CC or tamoxifen is commenced from
2nd or 3rd day of the cycle and contin-
ued until the day of ovulation trigger.
FSH at a 150 iu daily dose may be added
from 3rd–5th day and continued on
alternate days or on a daily basis.
SERMS, when administered in this way,
effectively block the positive feedback
action of estradiol on the initiation of LH
surge; therefore, no antagonist is usually
required to suppress the surge [15].

Advantages of MS-IVF

Since the inception of MS-IVF in clinical prac-
tice, there has been an increasing volume of
evidence in the literature, describing its advan-
tages over C-IVF. A number of randomised
controlled trials (RCTs) and subsequent
meta-analyses have also been published, com-
paring the effectiveness of the mild approach
with the conventional ones. A review of the
evidence is as follows:
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Reduced Complexity, Less Medication,
Fewer side Effects, and Better
Tolerance

Prolonged suppression of the ovaries over a
period of 2 weeks or more by GnRH agonist in
conventional long downregulation protocol often
gives rise to menopausal symptoms including hot
flushes, night sweats, or mood swings. An initial
flare reaction of the agonist is also responsible for
ovarian cyst formation. These symptoms are
absent when GnRH antagonists are administered
in combination with low-dose Gn in MS-IVF
cycles. A Cochrane review recognized signifi-
cantly lower requirement for Gn in GnRH
antagonist protocol, compared to that of agonist
[7]. RCTs found total Gn doses were even lower,
when Gn was commenced on cycle day 5 instead
of day 2 of an antagonist cycle [16] or when
co-treated with CC [17].

In the RCT by Heijnen et al. the depression,
anxiety, and discomfort scores were not signifi-
cantly different between MS-IVF and C-IVF
[18]. On the other hand, a later report of the same
RCT found significantly more symptoms of
depression following a failed C-IVF cycle,
compared to MS-IVF [19]. A study (n = 183)
that specifically assessed patients’ attitude
toward the acceptability of two different treat-
ment regimens found more treatment-related
stress with conventional downregulated proto-
col compared to that of MS-IVF [14]. Patients
felt the stress of cycle cancellation more accept-
able following MS-IVF in this study. Psycho-
logical burden, mainly stress from a treatment
cycle has been shown to be the leading cause of
drop out from IVF programme [20]. The anxiety
scores and drop out rates were found to be >50%
lower than those of C-IVF, when a mild
approach IVF was undertaken [8]. MS-IVF
treatment cycles also involve fewer injections
and are overall less painful [17]. Not a single
drop out was reported in the recent prospect
cohort study of 163 women undergoing up to 3
cycles of CC+Gn mild IVF regimen [21]. Intense
hormonal manipulation along the course of COH
has been postulated to have a significant impact
on the physical and mental health of the women,

which may get worse in the event of cycle can-
cellation or treatment failure. The blood estrogen
levels being closer to physiological concentra-
tions, MS-IVF appeared to be better tolerated by
women undergoing IVF treatment.

Fewer Risks

The Cochrane review cited earlier demonstrated
a statistically significant reduction of the inci-
dence of OHSS when GnRH antagonist protocol
was used in place of agonist downregulation (OR
0.43, 95% CI 0.33–0.57) [7]. With a lower
stimulation dose in MS-IVF, another meta-
analysis found the OHSS risk even lesser (OR
0.27, 95% CI 0.11–0.66) [22]. RCTs and sys-
tematic reviews found significantly reduced
incidence of OHSS in a treatment protocol
combining CC with Gn [23–25]. MS-IVF allows
administration of lower dose hCG for ovulation
trigger which further lessens the risk of OHSS
[26]. GnRH agonist trigger for final oocyte
maturation has recently been shown to be extre-
mely effective in prevention of OHSS. Not a
single OHSS occurred in the largest cohort study
(44, 468 IVF cycles) to date, by using a protocol
comprising of CC plus Gn till the day of GnRH
agonist trigger [4]. MS-IVF with agonist trigger
would therefore boost the currently drive toward
an ‘OHSS-free’ clinic. Trigger of ovulation with
GnRH agonist is not possible in a downregulated
cycle. One of the risks of generating a very high
estrogen levels in hyper-stimulated cycles is
venous thromboembolism [27]. An increased
incidence of deep vein thrombosis or pulmonary
embolism has been reported in pregnancies fol-
lowing IVF treatment [28]. Pulmonary embolism
could be lethal. Although comparative data are
lacking, at least theoretically, there would be a
reduced risk of this complication in MS-IVF.
Thus, from all respect, MS-IVF has been proved
to be a safer treatment option.

Elective single embryo transfer (SET) is rec-
ognized as one of the most effective strategies in
reducing the chance of multiple births within an
IVF programme. One large RCT found signifi-
cantly lower incidence of multiple pregnancy
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with similar cumulative livebirth rates (LBRs)
when a mild regimen with SET was compared
with C-IVF with double embryo transfer
(DET) [18]. By applying strict SET policy in
both mild approach and C-IVF cycles, one recent
retrospective analysis of a large data base
reported better cumulative LBRs (24% vs.
17.5%) with significantly fewer occurrences of
OHSS and multiple pregnancy [29]. The afore-
mentioned retrospective study by Kato et al.
found very low incidence of ectopic pregnancy
(0.36%, 9 out of 2523) and twin pregnancy
(0.9%) by transferring single blastocyst follow-
ing MS-IVF cycles [4].

High Proportion of Good Quality
Oocyte/Embryo

Significantly fewer oocytes are retrieved in
MS-IVF cycles [17, 22]. Analysis revealed that
an optimum recovery of 13–15 oocytes maxi-
mized the LBR in C-IVF cycles [30, 31]. How-
ever, the same is not applicable for MS-IVF. An
earlier RCT found 6 out of 10 women conceived
when 4 or less oocytes were retrieved by
MS-IVF, compared to none, when the similar
numbers of oocytes were retrieved with long
downregulation protocol [32]. A more recent
RCT on good prognosis patients showed 46.7%
top-grade embryos from mild IVF, compared to
42.1% from long protocol; however, the differ-
ence was not statistically significant [33]. It has
been shown that 6 retrieved oocytes optimize
LBR in mild approach IVF [11]. Intense down-
regulation regimens, by generating high number
of oocytes also produce higher proportion of
morphologically as well as chromosomally
abnormal embryos [34]. One of the landmark
RCTs (n = 111) found equal number of euploid
embryos, whether mild or conventional IVF was
undertaken, despite twice the number of embryos
created in the latter [12]. Another more recent
RCT (n = 265) found the doses of recombinant
FSH strongly correlated with the number of
recovered oocytes, but not with the number of
blastocysts created [35]. Indeed, the blastocyst–
oocyte ratio and fertilization rate (FR) declined

with the increasing exogenous FSH dose in this
study. Both the RCTs recruited women below
38 years. The emerging concept is that, due to
low grade of stimulation, only healthier follicles
with more competent eggs are encouraged to
develop in MS-IVF cycles [11].

Improved Endometrial Receptivity

There is a large volume of evidence showing that
very high, supra-physiological level of estrogen
levels in the blood may adversely affect
implantation. A basic science study demonstrated
progressively less adhesiveness of mouse
embryos with human endometrium from fertile
oocyte donors, as they were exposed to increas-
ing concentrations estrogen [36]. Very high
serum estrogen levels at the time of ovulation
trigger have been shown to be detrimental to the
endometrial receptivity, regardless of the embryo
quality [37–39]. Endometrial gene expression is
altered in COH cycles with high circulating
estrogen as well as progesterone levels, when
compared with those in natural cycles or treat-
ment cycles with low progesterone levels [40–
42]. Gene expressions during receptive phase of
the endometrium in antagonist co-treated mild
stimulation cycles appeared to be closer to that
found in physiological menstrual cycle than that
of a long protocol [43, 44]. In practice, the
implantation rates have been shown to be sig-
nificantly lowered by high estradiol levels in
normal or high responders [39]; milder stimula-
tion in IVF cycles appeared to improve implan-
tation [11, 45].

Comparable Treatment Success

Pregnancy outcomes including clinical preg-
nancy rates (CPRs), ongoing pregnancy rates
(OPRs), and LBRs of MS-IVF have been com-
pared with those of C-IVF in women with nor-
mal, low, and high ovarian reserve. The majority
of RCTs that compared OPRs between low-dose
Gn in an antagonist cycle and the long agonist
protocol in good prognosis groups found no
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significant difference [12, 32]. The RCT by
Hohmann et al. reported pregnancy rates of 20%
per cycle and 38% per ET with MS-IVF (n = 49)
compared to 22% per started cycle and 39% per
ET with long protocol(n = 45) [32]. The other
RCT by Baarts et al. demonstrated similar OPRs
of 19% per started cycle and 34% per ET from
MS-IVF (n = 55) as opposed to 17% per started
cycle and 23% per ET with C-IVF [12]. The
quality of both the trials was affected by their
small sample sizes. In contrast, larger (n = 404)
non-inferiority RCT, mentioned earlier, found
significantly better LBRs in favour of long
downregulation protocol (conventional: 24% vs.
mild: 15.8% per ET, OR 0.59, CI 0.41–0.85);
however, the cumulative LBRs after 1 year,
which was the primary outcome in this study,
remained the same between the two strategies
[18]. It is interesting to note that this RCT by
Heijnen et al. actually employed a SET strategy
following MS-IVF, whereas DET in C-IVF. SET
is known to reduce the chance of conceiving in
any type of assisted conception programme [46].
This may explain why LBR per ET was lower in
MS-IVF than that of C-IVF, even though
cumulative LBRs were similar in that trial
(MS-IVF: 43.4% vs. standard IVF: 44.7%). More
recent retrospective analysis of large data base
that applied strict SET policy in both mild (nat-
ural modified IVF) and conventional long
downregulation approach, reported similar, if not
better LBRs with the former [29]. Meta-analysis
of these 3 RCTs found 22% OPRs/ET with
MS-IVF and 26% OPR/ET with downregulation
protocol; the difference was statistically signifi-
cant [11]. Another more recent meta-analysis,
that included the above 3 RCTs as well as 2 other
RCTs revealed similar findings, with OPR per
started cycles were 20 and 26% for MS-IVF and
C-IVF, respectively, (OR 0.72, CI 0.55–0.93)
[22]. The results of the aforementioned RCT by
Heijnen et al. had large influence on the pooled
data in these meta-analyses [11, 22]. A subse-
quent larger RCT (n = 412) on normal as well as
ovulatory high-responders reported comparable
LBRs between low-dose antagonist (150 daily
FSH) and long agonist protocol—overall LBRs:
24.9% per started cycle and 28.6% per ET,

versus 26.6% per started cycle and 28.6% per
ET. LBRs from frozen-thawed ET cycles (21.4%
per ET vs. 21.0%) as well as cumulative LBRs
from fresh and subsequent frozen ETs together
were also similar (42.7% vs. 41.7%) [33]. A re-
port analyzing large volume of data (650,000
cycles) from the registry of the Society for
Assisted Reproduction Technology (SART) in
the United States identified an inverse relation-
ship between the Gn doses and LBRs, indepen-
dent of age, prognosis and retrieved oocyte
number [47]. A combination of factors including
embryo aneuploidy and reduced endometrial
receptivity due to supra-physiological level of
estrogen or premature progesterone rise has been
speculated as possible explanations for this
finding.

Treatment outcome are generally encouraging
when oral agents, SERMS (usually CC) or AIs
(letrozole) are used in MS-IVF protocols. A RCT
(n = 100) with sequential CC and Gn protocol in
normal responders found OPRs per started cycles
similar to that with long downregulation protocol
(32% vs. 26%) [48]. Two other RCTs using CC
+Gn reported comparable pregnancy rates per ET,
when judged against long downregulation proto-
col: 41.7% versus 40.0% in the RCT that used
hMG in combination with CC (n = 120) [17] and
42.9% versus 36.6% in the other larger trial
(n = 294) using CC + FSH regimen [24]. In
contrast, another earlier RCT found better CPRs
with the long protocol [49]. A Cochrane review of
RCTs found no difference in LBRs, OPRs, and
CPRs when cycles with CC + Gn were compared
with long downregulation or antagonist protocol
[23]. Later, another systematic review and
meta-analysis of 7 trials (702 participants) com-
paring between CC+ antagonist and antagonist
protocol in unselected population also found
similar LBRs (CC+ antagonist: 30.2% vs.
Antagonist: 26.0%) and miscarriage rates with
significantly less risk of OHSS (0.5% vs. 4.1%)
[25]. A RCT (n = 167) reported comparable CPR
when CC was replaced by letrozole in the
sequential regimen, with significantly higher
implantation rate in women who received letro-
zole [50]. Evidence from retrospective studies
comparing sequential CC+Gn and C-IVF in
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young women with normal ovarian reserve were
conflicting; some clinical outcomes were in
favour of ‘Mini-IVF’ [51], while others supported
long downregulation protocol [52]. The MS-IVF
protocol comprising of continuous administration
of CC till the day of ovulation trigger +/-Gn has
emerged as an effective low-cost IVF protocol
without the need for GnRH-antagonist for sup-
pression of premature LH surge [53]. Data from
the largest retrospective cohort study to date,
comprising of 20,244 cycles in 7244 Japanese
women showed age-specific LBRs per fresh ET
ranging from 30.0% in � 29 years age-group to
around 10% in women aged 40–45 years with the
stimulation protocol as above, along with GnRH
agonist as an ovulation trigger [4]. The authors
reported age-matched LBRs of 37.7% and 44.5%
following vitrified–thawed cleavage-stage
embryo and blastocyst transfers, respectively, in
the best prognosis patients. The figures were
higher than those registered in the SART database
in the United States [4]. Another large uncon-
trolled cohort study using a similar protocol
found 20% CPRs per fresh SET and 41% by
vitrified–thawed SET [54]. Both the studies
demonstrated a better LBR per ET in vitrified–
thawed cycles relative to fresh ET cycles. A neg-
ative impact of CC on the endometrial receptivity
has been implicated for this discrepancy. More
recently, a prospective cohort study on CC+Gn
regimen among good responders reported an
impressive cumulative LBRs of 70% when fol-
lowed up to 2.4 months (3 fresh or frozen ET
cycles) [21]. The effectiveness of sequential
anti-estrogens and Gn in the perspective of low
ovarian reserve has been described under the
section of poor responders.

In brief, the current evidence on treatment
outcomes of MS-IVF appear to be comparable to
those of C-IVF in good prognosis populations.
Although OPRs per cycles with low Gn regimen
were generally reported to be inferior to those
with long downregulation protocol among good
prognosis women, cumulative LBRs have con-
sistently been demonstrated to be at per with
C-IVF in RCTs and large prospective trials [18,
21, 33]. Further data from well-designed RCTs,
using different mild stimulation protocols in

different age-groups and ovarian reserves would
confirm if MS-IVF can be regarded as standard
practice of IVF/ICSI treatment in all clinical
scenarios.

Better Maternal and Perinatal
Outcome

LBRs have been considered as the benchmark of
success in assisted conception. However, a sin-
gleton, appropriately grown healthy baby at term
is now proposed to be a better marker of a success
in an IVF programme [55]. A retrospective study
showed higher mean birthweight of the babies
born out of MS-IVF [56]. Recently, an analysis of
the a massive data set of 63,686 singleton birth
found an association between high number of
recovered oocytes and higher incidence of peri-
natal complications including preterm birth and
low birth weight babies [57]. Very high estrogen
levels at the end of treatment cycles and early
pregnancy have also been linked with
intra-uterine growth restrictions [58] and
cardio-vascular dysfunctions in the neonates [59].

Reduced Treatment Cost

There is a paucity of well-conducted studies on
the health–economy of MS-IVF in comparison to
C-IVF. Admittedly, cost-effectiveness assess-
ment varies in different clinical settings: SET
versus DET (and resultant multiple pregnancy),
fresh versus cumulative fresh plus frozen ETs,
use of Gn versus oral agents or populations of
normal versus low responders, and so on. Earlier
studies on normal responders with varied study
designs and outcome end-points found MS-IVF
not a cost-effective option, even though con-
sumption of medication was less [52, 60]. In the
RCT by Heijnen et al., however, the overall cost
of MS-IVF cycles up to 1 year with SET was
reported to be lower than that of conventional
IVF with DET [18]. The main reasons of this
difference were lower rates of multiple preg-
nancy in the former group. Subsequent further
cost-effectiveness analysis of the same RCT
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revealed higher incidence of OHSS, multiple
pregnancy and preterm birth as well as neonatal
care resulted in significantly increased total
expenditure in the long downregulation group
[61]. More recent RCTs that compared
cost-effectiveness of CC-Gn-antagonist protocol
with GnRH agonist downregulation protocols in
poor responders identified clear economic
advantage of MS protocols [25, 62, 63]. Indeed,
extended course of CC till the trigger day has
emerged as a potential option for ‘low-budget’
IVF, as this regimen suppress LH surge without
the use of the expensive GnRH antagonist. Fur-
ther, well-designed health–economic evaluation
including the treatment cost and subsequent
expenditure in pregnancy and delivery may
confirm the overall cost-benefit of MS-IVF using
both oral and injectable agents.

Limitations of MS-IVF

Potential Cycle Cancellation

A treatment cycle is usually canceled as a con-
sequence of inadequate response or premature
ovulation. A meta-analysis of 3 RCTs conducted
on women with normal ovarian reserve found an
increased incidence of cycle cancellation before
oocytes retrieval in MS-IVF, as compared to
conventional IVF (16% vs. 9%; OR 2.55, CI
1.62–4.02) [22]. In the large series with extended
CC+Gn protocol, oocytes were obtained from
around 80% of cycles in women below 44 years
of age, despite only 2.1% cycles abandoned due
to premature ovulation [4]. Similar inference was
dawn in a RCT on women with poor ovarian
reserve: CC+Gn in antagonist protocol was
found to be associated with less chance of pro-
gression to ET in comparison to high-dose
antagonist in a RCT (39% vs. 54%), although
the incidence of cycle cancellation due to pre-
mature ovulation remained the same between the
protocols (14% on each side) [62]. Another large
RCT on poor responders reported higher cycle
cancellation with CC+Gn cycles, as compared to

downregulated cycles (13% vs. 2.7%) [64].
Ovarian aging and high BMI have been reported
to be associated with cycle cancellation due to
under-response [65].

In contrast, several other studies failed to find
an increased risk of cycle cancellation by using
MS-IVF. A prospective study with CC+Gn pro-
tocol in normal responders reported less chance of
cycle cancellation (4.7% vs. 34.0%) [66]. Only
1% of the cycles were abandoned out of 205
women recruited in the MS-IVF arm in a RCT
involving normal or high responders [33]. Two
other RCTs mentioned earlier, that used CC+Gn
as mild stimulation protocol in good prognosis
patients, found similar cycle cancellation when
compared with long protocol: Karimzadeh et al.
reported 4% cancellation rate, while it was 16.9%
in the trial byWeigert et al. [24, 48]. No cycle was
canceled due to premature ovulation in the RCT
comprising of 60 normo-responders in the
MS-IVF group with CC+Gn protocol [17]. The
Cochrane review on COH with CC+Gn regimen
found an overall increased incidence of cycle
cancellation when compared with downregula-
tion protocol, but there was no difference in the
sub-group where mid-cycle GnRH antagonist
was used [23]. Low cancellation rates have also
been reported in retrospective studies on poor
responders applying CC+Gn protocol (11.7%)
[67], or latrozole+Gn protocol (4.2%) [63]. Can-
cellation rates due to premature ovulation were
between 2.1–2.8% by administration of CC up till
ovulation trigger [4]. From the current evidence,
it appears that the risk of cycle cancellation in
MS-IVF is low and comparable to that of C-IVF,
at least among good prognosis patients and when
one of the oral agents were used in mild approach
cycles.

The criteria for cycle cancellation due to
under-response need to be set differently in
MSIVF. The aim of MS-IVF is to collect higher
quality and lower number of eggs. If this is taken
into account, cycle cancellations would be rare
and successful cycle outcomes are likely in the
presence of less than 3 mature follicles at the
time of trigger.
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Fewer Embryos for Cryo-Preservation

The intention of MS-IVF is to generate fewer
oocytes and embryos; so there should be less
availability of excess embryo(s) for
cryo-preservation [68]. A number of trials
reported availability of fewer embryos for trans-
fer or fewer cycles with embryo freezing when
one of MS-IVF strategies was employed in good
prognosis women [48, 69]. However, the higher
probability of obtaining good quality embryos
from MS-IVF cycles may somewhat offset this
disadvantage in achieving successful outcome
[32]. A number of studies including large RCTs
demonstrated satisfactory cumulative
OPRs/LBRs despite fewer oocytes being recov-
ered and fewer embryos being created in
MS-IVF [18, 21, 32, 33].

Less Flexible Scheduling for the Clinic
and Need for High Quality Laboratory

Extended service in the weekends and a high
standard of embryology laboratory are prerequi-
sites for MS-IVF. Judicious monitoring by
ultrasound and hormone levels and timely inter-
vention may avoid premature ovulation and
resultant cycle cancellation. A 7-day service and
increased need for intense monitoring are some
of the factors which make MS-IVF less accept-
able to many clinicians involved in the practice
of assisted reproduction.

Place of Mild Stimulation IVF
in Current Practice

Poor Responders in Assisted
Conception

MS-IVF protocols have probably been most
extensively tested and applied in the treatment of
poor responders. After an era of intensive COH
with very high doses of Gn for poor responder
women, it is now widely believed that increasing
the stimulation does not translate in to better
outcome [35, 70]. No improvement in the CPRs

per stated cycle and per ET were found by
doubling daily FSH dose from 150 iu to 300 iu
in an antagonist cycle designed for poor
responders [3]. There was some suggestion that
GnRH antagonist protocol improved blastocyst
quality and pregnancy outcome following mul-
tiple failed cycles due to poor response with
GnRH agonist [71]. A recent large RCT
(n = 695) that included women with poor ovar-
ian reserve and or previous poor response found
a higher incidence of cycle cancellation (13% vs.
2.7%) and fewer metaphase II oocytes, but sim-
ilar implantation rates, CPRs per cycle (13.2%
vs. 15.3%), per ET (23.2% vs. 19.9%) and OPRs
per ET (17.8% vs. 16.8%) with CC
+FSH-antagonist group, compared to those of
long downregulation regimen [64]. The CC+Gn
mild stimulation protocol has also been assessed
against ‘micro-dose flare’ protocol [72] and
‘short agonist flare’ protocol [62] in RCTs
involving women with poor ovarian reserve and
reported no clear advantage of one way of
management over the other. The latter study,
which was a non-inferiority RCT of 304 subjects,
inferred that the LBRs of either regimen were
low (CC: 3% vs. high-dose ‘short’ protocol: 2%
per started cycle; 9% per ET on either group);
nevertheless, CC+Gn+antagonist conferred more
cost savings [62]. Evidence is limited in relation
to effectiveness of MS-IVF in older women [73].
In the large cohort series by Kato et al., CC+Gn
and agonist trigger regimen resulted in 12.5%
CPR and 7.4% LBR per cleavage-stage ET,
while 31.6% CPR and 17.7% LBR per vitrified–
thawed ET in women’s age-group between 40
and 43 years—these outcomes were claimed to
be comparable with age-matched SART registry
outcome data; however, the CPRs and LBRs fell
significantly in women � 45-year age [4, 54]. In
the sub-group of women between >37 years and
41 years (n = 180), a retrospective study repor-
ted non-significantly higher CPR and LBRs per
ET with CC+Gn-antagonist protocol, compared
to those of long downregulation (12.1% vs. 8.1%
and 6.1% vs. 2.7%, respectively) [74]. The
clinical outcomes have also been linked with
basal serum FSH levels. Sub-group analysis of
the RCT by Ragni et al. found that CC
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+Gn-antagonist protocol did better in women
with previous poor response but not in women
with serum FSH levels >12 iu [62]. Low LBRs
have also been observed when FSH was >15 iu
in a cohort study [54]. AI, letrozole was used as
an alternative to CC in poor responders. A retro-
spective study (n = 141) reported significantly
higher CPRs (31.4% vs. 12.7%) and LBRs
(21.4% vs. 7%) in MS-IVF comprising of letro-
zole + Gn-antagonist combination as opposed to
high Gn dose (� 300 iu/day) in an antagonist
protocol [63]. Other retrospective studies found
similar LBRs or CPRs between letrozole and
conventional antagonist protocol, despite higher
oocyte yield and increased number of available
embryos [67, 75]. When compared between CC
and letrozole as mild stimulation agents, a recent
RCT (n = 391) found significantly thicker
endometrium and better implantation rate with
letrozole; however, the CPRs were similar [50].

The impact of age and ovarian reserve on the
outcome of MS-IVF in poor responders requires
further evaluation in large prospective trials.
Even though the final outcomes appear to be
similar, substantially reduced use of medication,
shorter duration of treatment, and treatment cost
ultimately lessen the physical and psychological
and economic burden associated with aggressive
IVF treatment among the poor responders [25,
62, 63].

Fertility Preservation for Cancer
Patients

A very special indication of MS-IVF is in the field
of fertility preservation through oocyte/embryo
freezing for women with estrogen sensitive
malignancies. Since the inception of natural cycle
IVF, it has drawn attention as a potential ‘no
stimulation’ assisted conception for fertility
preservation of young women with breast cancer.
Anti-estrogens, tamoxifen, and AIs (e.g., Letro-
zole) have been widely used in an ovarian stim-
ulation protocol for women known to have
estrogen receptor-positive breast cancer to
prevent the risk of cancer recurrence from high
estrogenic state in this process [76]. Tamoxifen,

by its anti-estrogenic property protects the breast
tissue from high levels of circulating estrogen,
while letrozole, by inhibiting aromatase enzyme
in the granulosa cells limits serum estradiol levels
and also reduces Gn requirement in antagonist
cycles [77, 78]. In a prospective study of 215
patients with breast cancer, the hazard ratio of
cancer recurrence 0.56 (95% CI, 0.17–1.9) was
not increased and the survival was not compro-
mised following letrozole stimulation [79].
Letrozole has also been successfully used for
young women with a history of endometrial
cancer [80]. The scope of MS-IVF expanded
further with the introduction of in-vitro matura-
tion (IVM) following recovery of oocyte from
both dominant and non-dominant follicles in
natural or modified natural cycle IVF [81]. More
oocytes/embryos for transfer or cryo-preservation
can be made available in this way [81]. Initial
reports of IVM in a pure natural cycle were sat-
isfactory [82]. One study found a maturation rate
of 77.4% and CPR of 29.9% in cycles with
low-dose FSH priming and HCG, without
increase in the risk of cancer recurrence [83]. The
use of mild stimulation with anti-estrogen
co-treatment or application of IVM needs to be
explored further through prospective research.

Low-cost IVF in Low-Resourced
Condition

As the cost of medications is less, MS-IVF is
considered in low-resourced countries. Inexpen-
sive oral agents—anti-estrogens are widely used
for low-cost IVF treatment. When administration
of CC or tamoxifen is extended beyond the usual
5-day course, right up to the day of ovulation
trigger, it has been shown to suppress LH surge
(and thereby ovulation) [15, 84]. This obviates
the need for expensive GnRH antagonists and
frequent ultrasound monitoring. The Gn, if nee-
ded in addition, is kept at a very low dose: typ-
ically, on alternate days for a short period.
Reports of this regimen are encouraging [4, 53];
large prospective controlled trials are required to
establish its effectiveness. Along with the use of
‘simplified culture media’ and minimal luteal
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phase support, promotion of this low-cost IVF
programme is one of the leading global agendas
of ISMAAR today. The objective is to make IVF
treatment more accessible and affordable in
developing countries [85].

Patient-Centerd Assisted Conception

There has been a move from a ‘clinician-centerd’
to ‘patient-centerd’ approach in assisted con-
ception service. Many clinics are more comfort-
able with the downregulation protocol that helps
in better cycle scheduling and avoidance of
weekend work. MS-IVF is considered
‘patient-centerd’ as it reduces patient’s physical
discomfort and distress pertaining to intense
ovarian stimulation. It does not compromise
patient’s safety, while maintaining a comparable
treatment outcome. Not the least, it is more
favorable to patients’ budget. Getting the treat-
ment ‘fitted’ in to women’s natural cycle, it
causes less disruption to their working life [61,
86]. Women are more likely to seek MS-IVF
after having gone through failed C-IVF with
aggressive ovarian stimulation [8]. Flexibility in
the protocol in MS-IVF has made the treatment
more ‘tailor-made’ to patients’ clinical charac-
teristics, emotional and financial need. Again,
ISMAAR has taken an important role in propa-
gating the concept of patient-centerd IVF
worldwide [85].

Future Prospect

Progress in the field of MS-IVF has raised the
hope that it could replace C-IVF in the future
under all clinical circumstances [87, 88]. The
major deterrents in achieving this goal are as
follows: lack of robust RCT data on the efficacy
of MS-IVF in good prognosis patients, the clin-
icians’ attitude of adhering to convenient cycle
scheduling, satisfaction in retrieving as many
oocytes as possible, and variation in the standard
of embryology laboratories and the public fund-
ing policies in some part of the world [73].

The future lies in the hands of researchers and
proactive clinicians to take MS-IVF further.
Well-designed clinical trials are required to
evaluate MS-IVF more analytically. Ideally, an
adequately powered RCT should compare the
cost and treatment outcomes, particularly in
terms of cumulative LBRs of combined fresh and
vitrified–thawed SET cycles between MS-IVF
and C-IVF, with the analysis in different clinical
settings. The final goal of any assisted concep-
tion treatment would be a ‘singleton healthy
livebirth at term’. Allegedly high cancellation
rates, which somewhat lower the per-cycle CPRs
or LBRs, may be minimized by the use of
anti-estrogens throughout the proliferative phase
until the trigger day [4], careful monitoring of
cycles by ultrasound scans along with knowledge
of serum estradiol and LH levels and the use of
indomethacin in selected cases [89, 90] with
rescue oocyte retrieval in the event of premature
LH surge. An efficient vitrification programme
would be an essential prerequisite to improve
cumulative pregnancies [73]. Further advance-
ment in IVM may make more embryos available
for cryo-preservation [68]. Equally important is
to work toward building up robust protocols
taking account of the patient’s characteristics and
develop clear criteria of choosing between dif-
ferent mild stimulation protocols [73]. Women’s
age and BMI may have influence on the ovarian
response [65]; these factors need to be taken into
account while customising the protocol for indi-
vidual patients. Further promotion of MS-IVF
may be possible through education, training, and
research [88]. Communication between the
investigators and publishing research data on the
progress would increase clinicians’ acceptance of
the mild approach.

Conclusion

Mild stimulation IVF has emerged as a safer,
cheaper, and more patient-friendly alternative to
conventional IVF. Although fewer oocytes are
released, equivalent numbers of high quality
euploid embryos can be obtained with this
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approach. Available data from several RCTs and
large retrospective studies on MS-IVF versus
conventional regimens depicted comparable
treatment outcomes. The use of oral agents in a
MS-IVF protocol has been shown to be advan-
tageous, particularly in poor responders, as it
seems at least as effective as C-IVF with con-
siderable cost saving. Further research may prove
mild approach to be a cost-effective and accept-
able treatment option for all women undergoing
IVF treatment.
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