
11C. Racowsky et al. (eds.), Biennial Review of Infertility: Volume 2,
DOI 10.1007/978-1-4419-8456-2_2, © Springer Science+Business Media, LLC 2011

Ahmad O. Hammoud and Mark Gibson 

A.O. Hammoud (*) 
Utah Center for Reproductive Medicine,  
Department of Obstetrics and Gynecology,  
University of Utah School of Medicine,  
Salt Lake City, UT, USA 
e-mail: ahmad.hammoud@hsc.utah.edu

Minimal Stimulation IVF 2

Abstract

Minimal stimulation IVF was utilized in the early IVF experiences. It is pro-
posed now as a solution for the unwanted consequences and costs of current 
conventional IVF protocols. Minimal stimulation IVF is thought to be a 
means to achieve some of the fertility-enhancing effects of IVF while mini-
mizing discomforts, risks (especially of ovarian hyperstimulation syndrome), 
and costs. An additional benefit is a marked reduction in the likelihood of 
unused embryos. In aggregate, these advantages should increase the access to 
and acceptability of IVF for many potential patients. While the per cycle 
pregnancy rate in minimal stimulation IVF is lower than that of conventional 
protocols, proponents of this method cite increased patient tolerance and 
access that allow multiple efforts, with a cumulative success rate that can 
approach that of a single cycle of conventional IVF (Curr Opin Obstet Gynecol 
22:189–192, 2010). Minimal stimulation IVF is now being offered in many 
fertility clinics both to young patients with good prognosis and to poor 
responders and women of advanced age as an alternative to conventional pro-
tocols. The renewed interest in minimal stimulation IVF is largely a result of 
improved outcomes in the IVF laboratory that have led to higher likelihoods 
of viable embryos and better success rates with single embryo transfer.
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2.1 � Classification and Terminology

The field of minimal stimulation IVF is becom-
ing popular and several recent publications have 
described the success with various stimulation 
protocols [1–4]. It is not uncommon to refer to 
minimal stimulation IVF as mild stimulation IVF 
or low-dose IVF. The various protocols and 
terminology used in this field make the com-
parison between studies challenging (Table 2.1). 
An interested group of experts from the Inter
national Society for Mild Approaches in Assisted 
Reproduction (ISMAAR) met and proposed the 
following classifications [5].

2.1.1 � Natural Cycle IVF

The term Natural cycle IVF should be used when 
IVF is carried out with oocytes collected from a 
woman’s ovary or ovaries in a spontaneous men-
strual cycle without administration of any medi-
cation at any time during the cycle. The aim of 
this cycle is to collect a naturally selected single 
oocyte at the lowest possible cost.

2.1.2 � Modified Natural Cycle IVF

The term Modified natural cycle should be applied 
when exogenous hormones or any drugs are used 
when IVF is being performed during a spontane-
ous cycle with the aim of collecting a naturally 
selected single oocyte, but with a reduction in 
chance of cycle cancelation. Modified natural 
cycle IVF employs hCG triggering of ovulation, 

with or without concomitant GnRH antagonist 
for suppression of the endogenous LH surge.

2.1.3 � Mild IVF

A mild IVF cycle is defined by use of oral agents 
(antiestrogens or aromatase inhibitors) and/or low-
dose gonadotropins to modestly increase oocyte 
yields (2–7 oocytes). LH surge suppression with 
GnRH antagonist and triggering with hCG or 
GnRH agonist is followed by luteal support.

2.1.4 � Conventional IVF

This term is used to define scenarios in which 
conventional gonadotropin dosing is employed to 
achieve maximum controlled ovarian hyperstim-
ulation below the threshold for significant risk of 
OHSS. In all such scenarios, endogenous LH is 
suppressed with GnRH agonist in long or flare 
protocols, or with GnRH antogonist, triggering 
employs hCG or GnRH agonist, and luteal sup-
port is given.

2.2 � Adoption of Minimal 
Stimulation IVF

There are currently several proposed indications 
for minimal stimulation IVF, including young 
patients with male factor or tubal factor infertility, 
poor responders, and patients with prior implan-
tation failures [6, 7]. The rationale for its use in 
poor responders is that comparable oocyte yields 

Table 2.1  Different protocols of minimal stimulation IVF

Ovarian stimulation
Prevention of 
premature LH surge Ovulation trigger Luteal phase support

Natural cycle IVF None None None None
Modified natural 
cycle IVF

None None hCG Yes
Gonadotropins add back GnRH antagonist hCG Yes

Mild IVF Clomiphene, letrozole, 
early or late low-dose 
gonadotropins

GnRH antagonist hCG, or GnRH 
agonist

Yes

Conventional IVF High-dose gonadotropins GnRH agonist or 
antagonist

hCG, or GnRH 
agonist

Yes
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are obtained without the costs and intrusiveness 
of high-dose conventional dosing, but success of 
this approach for these patients has been mixed 
[7]. Adoption of minimal stimulation IVF has 
been slow, particularly in the United States where 
it is not offered in most centers. The slow accep-
tance of minimal stimulation IVF is thought in 
part to be due to reluctance of clinics to use pro-
tocols that might adversely affect their published 
success rates in a competitive marketplace. Other 
factors include the often smaller margin of profit-
ability, reduced number of embryo available for 
cryopreservation, and health plans that limit the 
benefits to a certain number of IVF cycles [6].

2.3 � Comparison of Different 
Protocols for Minimal 
Stimulation IVF

2.3.1 � Modified Natural Cycle IVF

Natural Cycle IVF was the protocol used in the 
early publications describing IVF [8]. Since then, 
several changes were introduced to the normal 
cycle IVF, mainly the control of the LH surge and 
modified oocyte retrieval methods. Natural IVF 
cycles have an inherently high cancelation  
rate because of premature LH surge, premature 
ovulation, and increased risk of failed oocyte 
retrieval [4]. Because of the unpredictable nature 
of the natural LH surge, early natural IVF cycles 
required intense and frequent monitoring and 
around the clock availability of the IVF team and 
laboratory to achieve a successful retrieval [2]. 
Controlling the timing of ovulation was one of the 
main achievements that improved the feasibility 
of natural cycle IVF. This was achieved with the 
administration of hCG to trigger the ovulation and 
later the introduction of GnRH antagonist to sup-
press the endogenous LH surge. Other less known 
methods to prevent a premature LH surge include 
endomethacin and clomiphene use [9, 10].

The introduction of hCG injection to trigger 
ovulation helped reduce the cancelation rates 
with natural IVF. In a study that included  
35 women with infertility and tubal damage and 17 
women with reduced ovarian reserve, a total of 

202 natural cycle IVFs were performed [4]. All 
women who participated in this study had normal 
menstrual function and normal semen parameters 
in the male partner. The median age was 34 years 
with a range of 24–40 years. The protocol for 
natural cycle IVF in this study included initiating 
follicular scan on day 8 or 9 of a natural cycle, 
ultrasound monitoring was repeated as appropri-
ate, and hCG 5,000  IU was administered when 
the follicular diameter reached 16–18 mm. There 
was no follicular growth documented in 21 
cycles. In the 181 cycles where oocyte retrieval 
was attempted, pregnancy rate per cycle was 
12.7% and live birth rate was 8.8%. After four 
cycles, the cumulative pregnancy rate was 46% 
and cumulative birth rate was 32% [4]. A sub-
group of this cohort received Indomethacin 50 mg 
three times daily which was administered from 
Friday until Monday morning to allow delaying 
hCG administration so that all retrievals could 
occur on week days. Of these subjects, the rate of 
oocyte retrieval was 90.4%, oocyte fertilization 
71%, and pregnancy rates per cycle 9.6% [4].

McDougall et  al. compared modified natural 
IVF to IVF after stimulation with clomiphene 
100 mg daily from day 3–7. The cancelation rate 
in the modified natural IVF cycle (4/14) was 
higher than that in the group stimulated with clo-
miphene (0/16). The clinical pregnancy rate was 
lower in modified natural IVF group (0%) when 
compared to that after clomiphene stimulation 
(18% per transfer) [11]. In a later study, Ingerlev 
et  al. compared modified natural cycle IVF to 
clomiphene stimulation. This study included 
good prognosis young patient (<35 years), with 
unexplained, tubal, or severe male factor infertil-
ity and regular cycles. The proportion of cycle 
that resulted in embryo transfer (53.2%) was 
higher in the clomiphene group when compared 
to that in the modified natural cycle IVF group 
(25.4%). The clinical pregnancy rates in the clo-
miphene group (18% per cycle and 33.9% per 
transfer) were higher than those in the modified 
natural IVF group (3.5 and 13.8%, respectively) 
[12]. In women with previous poor response (less 
than four follicles), modified natural cycle IVF 
had higher implantation rates (14.9%) when com-
pared to the GnRH agonist microflare protocol 
(5.5%); however, the ongoing pregnancy rates 
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were similar (6.1% in the natural cycle group and 
6.9% in microflare protocol) [13].

While natural IVF cycle with utilization of 
hCG to trigger ovulation is classified as modified 
natural IVF, true modified natural IVF cycle refers 
mainly to the utilization of GnRH antagonists to 
prevent premature LH surge. The administration 
of gonadotropins helps supplement the natural 
gonadotropins expected to fall after the adminis-
tration of GnRH antagonist, which helps maintain 
the follicular growth and the estradiol levels [14].

Pelinck et al. described a protocol for modi-
fied natural IVF cycle as follows: During sponta-
neous unstimulated cycles, follicular scans were 
initiated on cycles days 3 or 8, then repeated daily 
or every other day. A mean follicular diameter of 
14 mm was used to determine the need to start the 
GnRH antagonist to prevent premature LH surge. 
At the same day, 150  IU of recombinant FSH 
(rFSH) was also started. The GnRH antagonist 
and rFSH were continued daily until the day of 
triggering of ovulation. The follicular growth was 
monitored with daily or every other day morning 
follicular scans, LH, and estradiol levels. hCG 
10,000  IU was given when a mean follicular 
diameter of 18 mm and or an estrogen levels of 
0.8 nmol/L (218 pg/dL) were reached. Cycle can-
celation occurred if there was premature LH 
surge documented by an elevated LH levels 
³20  IU/L (if the mean follicular diameter was 
less than 15 mm), or regardless of the follicular 
diameter, if the LH levels were ³30 IU/L. Oocyte 
retrieval occurred 34  h after hCG injection. 
Analgesia was only given at patient’s request. In 
this protocol, embryo transfer occurred on day 3 
and luteal support was provided through hCG 
injections of 1,500  IU days 5, 8, and 11 after 
oocytes retrieval [15]. The rate of oocyte retrieval 
was 76.9% and the rate of 2PN fertilization was 
68.2% per oocytes. The rate of transfer was 
43.7% per initiate cycle. The success rates of this 
protocol were initially reported as a birth rate of 
13.4% per initiated cycles and 30.8% per embryo 
transfer [15]. In a later study, the cumulative live 
birth rate with this protocol after three cycles in a 
cohort of 350 patients was reported as 20.8% per 
patient [3]. The same group published a study 
that looked at the cumulative pregnancy rate after 

an average of nine cycles of modified natural 
cycle (using GnRH antagonist) and reported a 
modest 8% ongoing pregnancy rate per cycle in a 
cohort of 268 patients aged 18–36 with regular 
ovulatory function [14]. In patient with previ-
ously poor response with conventional IVF, the 
success of modified natural IVF cycle was 
reported to be between 0 and 14% [2].

2.3.2 � Mild IVF

Mild stimulation IVF can be done using 
antiestrogens for ovulation induction such as 
clomiphene or letrozole or using low-dose 
gonadotropins. Typically, endogenous LH is sup-
pressed by addition of GnRH antagonist once 
folliculogenesis is underway. Proponents of 
milder stimulation propose several advantages to 
this protocol including: the possibilities of a 
more receptive endometrium and better quality 
embryos as well as less stress for patient and 
lower overall costs [16]. This approach may be 
most effective in young patients with normal 
ovarian function and good prognosis. Advantages 
of oral antiestrogen when compared to gonado-
tropins includes oral administration, lower costs, 
and wider availability [2].

A mild stimulation cycle using clomiphene 
can start with 100 mg of clomiphene from day 3 
to day 7 of the cycle. Gonadotropins (HMG or 
rFSH) are given at a dose of 150 IU at day 9 of 
the cycle. Ultrasound monitoring starts at day 9 
of the cycle and then frequently after that. GnRH 
antagonist is started when the lead follicle reaches 
14 mm in diameter and is continued until the day 
of ovulation induction. hCG is used to trigger 
ovulation and retrieval occurs 35 h after the hCG 
injection. Luteal support is given as IM proges-
terone injection or vaginal suppositories [17].

When compared to conventional IVF, mild 
IVF using clomiphene (with or without the GnRH 
antagonist) showed similar clinical pregnancy 
rate in a retrospective controlled study (37% for 
minimal stimulation and 41% for conventional 
IVF) [17]. Weigert et al. compared the success of 
mild IVF using clomiphene followed by gonado-
tropins to conventional IVF in a randomized 
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controlled study. The pregnancy rate per initiated 
cycle in the mild stimulation cycle (35.1%) was 
not statistically different from that in the conven-
tional IVF group (29.3%) [18]. Another study 
compared the clomiphene /gonadotropins proto-
col with the GnRH antagonist to conventional 
long stimulation IVF, in patients undergoing their 
first IVF ICSI for male factor infertility. They 
found similar pregnancy rates in both treatment 
groups (41.7 and 40%) [19].

An alternative protocol for mild stimulation 
IVF was developed to alleviate some of the con-
cerns associated with the utilization of GnRH 
antagonist including a low LH environment and 
the requirement of a relatively high dose of 
gonadotropins [9]. This protocol relies on con-
tinuation of clomiphene to inhibit the LH surge. 
A Japanese group reported their experience with 
this protocol in 44,345 cycles. Clomiphene was 
administered at a dose of 50 mg daily until the 
day before triggering ovulation using a GnRH 
agonist. If the patient was found to have multi-
follicular growth, gonadotropins were added at a 
dose of 150 IU every other day (urinary HMG or 
rFSH) until the day before the GnRH agonist 
trigger. GnRH agonist was administered when 
the follicular diameter reached 18  mm or the 
estradiol level was ³300 pg/mL. Follicular scans 
were started at day 8. Oocyte retrieval occurred 
32–35 h after the ovulation trigger. The rate of 
premature LH surge with this protocol was 5.1%. 
Among this small subset of women with detected 
LH surges, Oocyte retrieval was scheduled 
immediately when LH levels indicated an immi-
nent ovulation by reaching its peak value and 
documentation of a drop in 4 h. Oocyte retrieval 
was delayed 24  h if LH levels suggested the 
onset of LH surge by documenting increased 
levels in 4 h. Luteal phase support was provided 
using dydrogesterone at a dose of 30 mg daily. 
The embryo transfer occurred at either the four 
cells or the blastocyst stages. The use of birth 
control in the preceding month increased the 
number of oocytes and embryos available. The 
live birth rate for the fresh embryo transfer of 
four cell stage embryos was 5.2%, the frozen 
four cell embryo transfer 0.2%, and for the fro-
zen blastocyst transfer 5.6% [9].

Aromatase inhibitors have been suggested as 
another way of reducing the total requirement of 
gonadotropins in ovarian stimulation protocols 
for mild IVF [20]. The role of aromatase inhibi-
tors in IVF remains poorly studied. Grabia et al. 
studied letrozole (2.5 mg) as an alternative to clo-
miphene in minimal stimulation IVF in good 
prognosis patients. A clinical pregnancy rate of 
27% was reported [21].

Gonadotropins may be used without prior oral 
agents in low doses with the intent to reduce the 
costs of medications and avoid complications 
associated with standard controlled ovarian hyper-
stimulation. They may be initiated on day 2–3 of 
cycle or in the second half of the follicular phase, 
although early starts more consistently achieve 
multifollicular responses [22]. Fernandez-Shaw 
et al. reported the efficacy of the low gonadotro-
pins IVF protocol in 79 young women with a 
good prognosis. Patients with polycystic ovarian 
syndrome, severe endometriosis, ovarian failure, 
or elevated early follicular FSH or estradiol were 
excluded. The stimulation starts similar to the 
traditional long stimulation protocol utilizing 
GnRH agonist in the luteal phase of the previ-
ous cycle. Pituitary suppression is evaluated on 
day 3 by vaginal ultrasound and estradiol levels 
(<50 pg/mL). Gonadotropins were started on day 
3 at a low dose of 100 IU rFSH. After 5–6 days of 
stimulation, the dose is increased if needed. hCG 
10,000 IU was given when 1–3 follicles reached 
18 mm. Oocyte retrieval was performed 35 h after 
hCG injection. Luteal support was given in the 
form of intravaginal micronized progesterone at a 
dose of 200 mg TID starting the day of oocytes 
retrieval. The protocol resulted in lower number 
of embryo when compared to conventional dose 
gonadotropins (150 IU); however, the pregnancy 
rates were not different (51.8 vs. 50.7%) [16].

2.4 � Minimal Stimulation IVF  
and Single Embryo Transfer

One goal of minimal stimulation IVF is to reduce 
the number of multiple pregnancies as well as the 
cost of care. The overall number of embryos 
transferred should be, in theory, lower than that 
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during conventional IVF, and if combined with 
single embryo transfer, the cost saving could be 
considerable [23]. Heijnen et al. compared, in a 
randomized controlled study, the success of four 
cycles of mild IVF (gonadotropins started mid 
follicular phase) with single embryo transfer to 
three cycles of conventional IVF with transfer of 
two embryos [24]. Participants were good prog-
nosis women who either had one birth through 
IVF or did not have IVF before. The patients were 
younger than 38 and had regular cycles and BMIs. 
The duration of stimulation, total dose of medi-
cation, number of oocyte retrieved, and number 
of embryo transferred were lower in the mild 
IVF group when compared to the conventional 
IVF group. The rate of live birth per started fresh 
mild IVF cycle with single embryo transfer 
(15.8%) was lower when compared with that of 
conventional IVF with dual embryo transfer 
(24%). Cumulative pregnancy rate and term 
delivery were calculated by adding the rates of 
pregnancy of the fresh and frozen cycle that orig-
inated from the same treatments. The 1-year 
cumulative term live birth rate per couple (43.4%) 
in the mild IVF group was not inferior to that of 
the conventional IVF group (44.7%). The pro-
portion of multiple pregnancy rates per couple in 
1 year in the mild IVF group (0.5%) was signifi-
cantly lower than that in the conventional IVF 
group (13.1%) [24].

2.5 � Follicular Flushing

In protocols where few mature follicles are pres-
ent, optimal yield of oocytes per follicle is critical 
[25]. Follicular flushing has been advocated as a 
way to improve the yield of oocytes during oocyte 
retrieval in the hope of increasing the number of 
good quality embryos available for transfer. 
Follicular flushing is thought to have a role in 
patients undergoing conventional IVF with poor 
response or in patients undergoing minimal stim-
ulation IVF [26]. The technique of follicle flush-
ing can vary between centers. The most common 
technique involves the utilization of double lumen 
needles that can be used to aspirate the follicular 
fluid. The follicle is then injected with a sterile 

solution (such as sterile phosphate-buffered 
saline) and the fluid is reaspirated. The procedure 
can be repeated. In one study, the optimal number 
of flushing was found to be four, and beyond this, 
the yield of oocyte retrieval is low [25]. Another 
study showed that only 4.3% of oocytes can be 
retrieved with the second flushing [27].

A recent randomized controlled trial com-
pared follicular flushing to direct follicular aspi-
ration in poor responders to conventional IVF 
stimulation. Poor responders were defined as 
patients who on the day of oocytes retrieval had a 
cumulative follicle count of 4–8 follicle ³12 mm 
and at least two follicles ³16 mm. There was no 
difference in the total number of oocytes or 
number of mature oocytes between the study 
groups. However, retrieval time was two times 
longer in patients undergoing follicular flushing 
when compared to direct aspiration technique. 
Follicular flushing did not improve the fertiliza-
tion, implantation, or pregnancy rates [28]. Other 
observational studies did not show any benefit 
from follicular aspiration in the context of con-
ventional IVF [26, 29].

In the context of minimal stimulation IVF, fol-
licle flushing may be more important because of 
the expected low number of oocytes retrieved 
[30]. The competence of oocyte retrieved through 
flushing in the context of minimal stimulation 
IVF was studied by Lozano et al. In this study, 
271 minimal stimulation IVF cycles were 
included. The oocytes retrieved were divided into 
two groups: retrieved with the first aspiration or 
retrieved through flushing. Embryo morphology 
and implantation rates were higher in the oocytes 
retrieved through flushing; however, the fertiliza-
tion rate and clinical pregnancy rates were com-
parable in both groups [31, 32].

2.6 � Cost Considerations

Cost of fertility treatment and IVF are under strict 
scrutiny and often cited as the reason for the absence 
of insurance coverage of fertility care in the 
United States [33, 34]. Economic considerations 
remain the main barrier to increased IVF availabil-
ity and utilization in the United States [35]. 
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Minimal stimulation IVF is thought to reduce the 
overall cost of fertility treatment. The cost reduc-
tion results from the reduced dose of gonadotropins 
and the presence of fewer embryos which can 
reduce the variable costs of IVF laboratories 
and  may permit lower fees for IVF procedures 
(retrieval, fertilization, and culture fees). The cost 
of natural IVF cycle based on the cost of limited 
ultrasound scans, oocyte retrieval, cost of embryo 
transfer, and cost of medication is thought to be 
23% of that of conventional IVF [4]. However, 
with lower pregnancy rates, cumulative costs 
incurred to achieve likelihoods of pregnancy rival-
ing those seen with conventional IVF may not offer 
savings relative to conventional IVF [7]. Another 
proposed cost reduction with minimal stimulation 
IVF occurs if associated with single embryo trans-
fer [24, 36]. Although single embryo transfer may 
be common with minimal stimulation IVF because 
of limited numbers of oocytes and viable embryos, 
it is not by any means within the exclusive domain 
of minimal stimulation IVF and can be employed 
with the same benefits in conventional IVF. Single 
embryo transfer results in an overall reduction in 
the cost of care of infertility patients by reducing 
multiple pregnancy rates. When minimal stimula-
tion IVF was associated with single embryo 
transfer, the incremental cost per additional preg-
nancy leading to live birth in the conventional 
IVF was €185,000 when compared to minimal 
stimulation IVF [24]. It is predicted that with 
increasing success of single embryo transfer, the 
option of minimal stimulation IVF in good prog-
nosis patient would reduce the number of multi-
ple pregnancies and the overall cost of care [36].

2.7 � Conclusion

In conclusion, minimal stimulation IVF is gain-
ing more ground because of increased concern 
regarding the complications of conventional IVF. 
Clinical pregnancy rates per cycle are lower with 
minimal stimulation IVF when compared to con-
ventional IVF. However, with better tolerance of 
minimal stimulation protocols, cumulative preg-
nancy rates may be similar. Ideal candidates for 
minimal stimulation IVF are young patients with 

good prognosis or patients who failed conven-
tional IVF. Minimal stimulation IVF has the 
potential of reducing the side effects of IVF as 
well as the overall cost of care.
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