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Abstract

Infertility specialists have been struggling to deal with poor responders,
reported to range from 9 to 24 %. However, the incidence is abruptly
increasing lately due to the increasing population of aged infertile women.
The long gonadotropin-releasing hormone (GnRH) protocol is the first
line of treatment if more than plural numbers of oocytes are expected,
which is followed by the short protocol, and the GnRH antagonist stimula-
tion is used as the last treatment option. Among the GnRH agonist proto-
cols, the microdose agonist flare with oral contraceptive (OC) pretreatment
appears more effective. Natural cycle or mild stimulation is used when the
stimulation protocols fail. [IVM is an alternative choice when none of the
above-mentioned protocols succeed. Growth hormone (GH) appears to
have a beneficial effect, but indications for using GH as well as growth
hormone-releasing hormone (GH-RH) are not well defined. In addition, it
is too early to determine if androgen pretreatment [dehydrepiandrosterone
sulfate (DHEA), testosterone] is beneficial in the treatment of poor
responders. It is most important for ART physicians to evaluate the patient
response before starting the stimulation and choose the best protocol for
the poor responder.
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The incidence of poor responders to ovarian stim-
ulation has been reported to range from 9 to 24 %
[1-3]. The poor response to ovarian stimulation is
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attributed to patients with advanced age and iatro-
genic reasons, such as ovarian surgery, pelvic
adhesions, and obesity, indicated by body mass
index (BMI) [4-8]. The incidence of sporadic
poor response to stimulation and primary ovarian
insufficiency has been well known for a long time
[9, 10]. Recently, there has been increased interest
in improving the reproductive capacity of older
women because of the changing social structure
and the worldwide trend of delaying marriage and
childbirth. In the United States, the number of
births in women aged between 40 and 44 years
has nearly doubled between 1990 and 2002 [11].
The birth rate in women aged 45-49 years is 0.5
births per 1000 women, indicating that it has
increased by more than two-folds. However,
majority of these births can be attributed to the use
of donor oocytes [12]. In the United States, 19 %
of all women using assisted reproductive technol-
ogies (ART) are >40 years in age [12]. In Europe,
during 2005, the percentage of women aged
>40 years undergoing ART, such as conventional
in vitro fertilization (IVF) and intracytoplasmic
sperm injection (ICSI) cycles, was 15.4 % and
13.0 %, respectively. The number of women
delaying childbearing to the fifth decade of their
life has markedly increased, and, consequently,
50 % of them will experience some difficulty in
their attempt to have children [13]. The age-
related decline in fecundity in spontaneous con-
ception and ART success rates has long been
known [14-17]. The decline in fertility is mainly
due to a decrease in oocyte quality, which is linked
to a single chromatid abnormality [18]. There is
little evidence that uterine factors have a signifi-
cant impact on age-related infertility [19].
Although ART with donor oocytes has helped
woman in the fifth and sixth decades of their life
to achieve a high pregnancy and childbirth rates
[20], the procedure is associated with legal, ethi-
cal, religious, and cultural problems that have lim-
ited its universal accessibility in societies around
the world [21, 22]. Extensive efforts to improve
pregnancy rates in poor responders have been
made using several stimulation protocols, but
despite these efforts, pregnancy rates after IVF
remain disappointingly low [23, 24]. Currently,
the evidence available from both, retrospective
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and prospective studies is based on the variable
definitions of poor ovarian response. The
European Society for Human Reproduction and
Embryology (ESHRE) consensus group has
developed a new definition that may help in select-
ing a more uniform group of patients for future
clinical trials [25]. A systematic appraisal of the
available evidence, aiming to draw reliable con-
clusions is currently lacking. In this chapter, the
current situation of stimulation protocols, inter-
ventions, and strategy at our facility is outlined.

Bologna Criteria as Defined
by ESHRE

At least 2 of the following 3 features must be
present to fulfill the Bologna criteria: advanced
maternal age (>40) or any other risk factor for
poor ovarian response, previous poor response
(<3 oocytes with a conventional stimulation pro-
tocol), and abnormal ovarian reserve test
(AFC<5-7 follicles or AMH<0.5-1.1 ng/mL).
However, the definition of poor responder has not
been standardized till date. Several groups have
defined poor responders on the basis of variable
numbers of mature follicles noted on ultrasound,
ranging from <2 to <5. Others base their defini-
tion on elevated serum follicle-stimulating hor-
mone (FSH) levels in the early follicular phase,
with values ranging from 6.5 to 15 mIU/mL; the
use of various maximal estradiol (E2) levels com-
pared with the prior standard controlled ovarian
hyperstimulation (COH); a minimal cumulative
dose or the number of days of gonadotropin stim-
ulation required in a prior cycle; or on the basis of
differing numbers of mature oocytes obtained
(<4 or <6).

Which Types of Gonadotropins Are
Effective?

Ovarian stimulation using recombinant FSH
(r-FSH) is possibly associated with the retrieval
of significantly higher numbers of oocytes,
greater numbers of embryos, and higher preg-
nancy rates compared with ovarian stimulation
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using urinary FSH (u-FSH) [26]. However, the
potential benefit of ovarian stimulation using
r-FSH with respect to pregnancy rates in poor
responders is unclear [27]. Perhaps, the most
logical approach to the management of patients,
who fail to respond to a standard gonadotropin
stimulation protocol, is to consider increasing the
dose of gonadotropins. Although no single maxi-
mally effective gonadotropin dose has been
defined, there would be little benefit in raising the
initial daily dose of FSH to >450 IU/day.

Short or Long GnRH Agonist
Protocol

Preference, not protocol efficiency, dictates the
selection of a short- or long-agonist protocol for
the suppression of a premature luteinizing hor-
mone (LH) surge in women undergoing IVF
treatment. The flare-up effect of gonadotropin-
releasing hormone (GnRH) agonist on pituitary
gonadotropin release is used in the short protocol
to enhance initial follicular growth. In contrast,
the long protocol results in a more co-ordinated
follicular growth. The improvement in clinical
pregnancy rate does not appear to be dependent
on the type of GnRH agonist protocol applied
[28].

GnRH Antagonist or GnRH Agonist
Protocol

The use of GnRH antagonists to improve preg-
nancy rate in poor responders is based on the fact
that endogenous gonadotropin secretion is not
suppressed during follicular recruitment [29]. A
meta-analysis suggests that the type of GnRH
analog used to inhibit the LH surge does not
appear to be associated with ongoing pregnancy
[30]. In contrast, significantly better results were
demonstrated with the use of GnRH antagonists
with regard to the duration of stimulation, the
total dose of gonadotropins required, and the
number of cumulus-oocyte complexes retrieved,
but further comparative studies may be required
to substantiate these results.
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Microdose GnRH Agonist Flare
Regimen

Several studies have supported the use of a
microdose GnRH agonist flare protocol in poor
responders, which has demonstrated an improve-
ment in the ovarian responses and clinical
outcomes in these cases [31]. This approach
takes advantage of the initial release of endoge-
nous gonadotropins, induced by a low-dose
GnRH agonist administration during the early
follicular phase, and is aimed at enhancing the
response to the subsequent administration of
exogenous gonadotropins. Moreover, the blasto-
cysts generated from a microdose GnRH agonist
flare regimen showed a significantly lower inci-
dence of blastocysts with chromosome aneu-
ploidy [32].

Stimulation Protocols or Natural/
Mild Stimulation Cycles

Natural cycle IVF in poor responders has been
proposed as an alternative to standard stimulation
protocols. This approach appears to be less inva-
sive and less expensive for poor responders who
do not show an increase in oocyte production,
with standard ovarian stimulation. However,
there is a study suggesting that such a strategy is
not beneficial for clinical pregnancy rates [33]. In
contrast, Clomiphene citrate (CC) administration
in the early follicular phase with r-FSH may
improve the outcome of stimulation in poor
responders [34]. The use of Letrozole with FSH
does not appear to improve the pregnancy rates
[35]. Moreover, safety concerns regarding
Letrozole administration in assisted reproduction
have been noted [36].

Transdermal Testosterone Priming

The addition of androgens during the early
follicular phase may have a beneficial effect
on the increase in number of small antral fol-
licles and improve the ovarian sensitivity to
FSH. Pretreatment with transdermal testosterone
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(TT) may improve ovarian sensitivity to FSH
and follicular response to gonadotropin treat-
ment in previous IVF patients who were poor
responders. This approach leads to an increased
follicular response compared with a high-dose
gonadotropin and minidose GnRH agonist pro-
tocols [37]. Moreover, the numbers of oocytes
retrieved, mature oocytes, fertilized oocytes, and
good quality embryos were significantly higher
in the TT pretreatment group. Embryo implan-
tation rate and clinical pregnancy rate per cycle
initiated were also significantly higher in the TT
group [38].

Dehydroepiandrosterone (DHEA)
Supplementation

Supplementing poor responders with 75 mg of
micronized DHEA daily for up to 4 months
before the initiation of IVF resulted in signifi-
cantly higher pregnancy rates. The beneficial
effect of DHEA supplementation was suggested
[39]; however, the definitive effect of this supple-
mentation is still under discussion.

Growth Hormone (GH)
and GH-Releasing Hormone
(GH-RH)

The concept of potentiating the effect of exoge-
nous gonadotropins with GH or GH-RH can be
used as an alternative approach to improve preg-
nancy rates instead of changing the type or dose
of gonadotropin administration. GH plays an
important role in ovarian steroidogenesis and fol-
licular development. Treatment with GH appears
to modulate the action of FSH on granulosa cells
by upregulating the local synthesis of insulin-like
growth factor-I (IGF-I) [40, 41]. Live birth rates
are improved when GH is co-administered to
poor responders during ovarian stimulation for
IVF; however, the clinical significance of this dif-
ference may be small. Interestingly, the inclusion
of GH resulted in a significant decrease in the
total dose of gonadotropins required for ovarian
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stimulation [42]. GH co-treatment and the opti-
mal dose required in the ovarian stimulation of
poor responders need to be evaluated further. An
enhanced ovarian response, however, with little
impact on conception rates was reported follow-
ing treatment of poor responders with adjunctive
GnRH [43].

Our Strategy for Poor Responders
Based on the Treatment Protocols
Used in Patients with Advanced Age

We established a new protocol for poor respond-
ers on the basis of the concept followed for treat-
ing patients >40 years old. Fecundity in female
patients declines with age because of a decrease
in the number of oocytes in the ovarian reserve
and also because of impaired oocyte quality.
These findings are similar to those observed in a
poor responder. The pregnancy rate following
ART is closely related to the number of oocytes/
embryos obtained and the quality of the embryos
prior to transfer. It is not easy to retrieve multiple
oocytes from poor responders. At the same time,
to achieve pregnancy, it is imperative to transfer
>2 embryos. Therefore, our new strategy for the
poor responder is to transfer >2 good frozen-
thawed embryos, which are accumulated and
chosen from several oocyte retrievals (Fig. 9.1).
In addition to various stimulation protocols or
natural/mild stimulation cycles, we also use
in vitro maturation IVM) to produce embryos
[44].

Conclusions

Numerous papers have discussed the strategy
for the treatment of poor responders during
IVE, but the lack of a uniform definition of the
poor responder makes an accurate comparison
among results difficult. Conventional stimula-
tion protocols should be applied if >2 follicles
are present in each ovary on day 3 of ultra-
sound assessment. Recombinant FSH is usu-
ally more effective than u-FSH; however, in
some instances, the addition of u-FSH to
r-FSH can encourage follicular development
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stimulation IVF with CC and/or hMG, IVM-IVF: IVF
using in vitro matured oocytes

Fig. 9.1 New strategy to improve pregnancy rates for
poor responders to IVF in the IVF Japan Group. NC: pure
natural cycle IVF without any stimulation, Mild: mild

in poor responders. The long protocol is the
first line of treatment, which is followed by
the short protocol, and the GnRH antagonist
stimulation is used as the last treatment option.
Among GnRH agonist protocols, the micro-
dose agonist flare with OC pretreatment
appears more effective. However, whether
microdose flare protocols are more effective
than GnRH antagonist protocols has not been
determined till date. Natural cycle or mild
stimulation is used when the stimulation pro-
tocols fail. IVM is an alternative choice when
none of the above-mentioned protocols suc-
ceed. GH appears to have a beneficial effect,
but indications for using GH as well as GH-RH
are not well defined. In addition, it is too early
to determine if androgen pretreatment (DHEA,
testosterone) is beneficial in the treatment of
poor responder cases in ART.

The available number of good quality
embryos is the most important factor in
achieving a pregnancy using ART. It is very
difficult for poor responders to produce more
than a few embryos in a single retrieval.
Therefore, the accumulation of multiple cryo-
preserved embryos is key to achieve preg-
nancy in these patients. A Clomiphene
regimen can be considered as an alternative

choice for mild ovarian stimulation, as the
endometrial condition is not considered if all
embryos are frozen. Ovarian stimulation for
poor responders is challenging; however,
increasing the number of protocol choices
may increase the prospects of achieving a
pregnancy.
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