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A b s t r ac t
Aim and objective: To elucidate the cause of poor ovarian response to controlled ovarian hyperstimulation during in vitro fertilization in women
with good ovarian reserve and the potential treatment options for them.
Background: There has been a steady increase in number of in vitro fertilization (IVF) cycles being performed across the world. An important
step of IVF is controlled ovarian hyperstimulation (COH), with an aim to achieve multifollicular response. Conventionally the protocol and
gonadotropin dose is tailored to ensure adequate oocyte yield and minimize complications. Studies suggest that maximizing oocyte yield
increases the cumulative LBR. However, in spite of high dose of gonadotropin usage during COH, many women have poor response (<4 oocytes
retrieved) and/or low oocyte yield (4–9 oocytes retrieved). Patient-Oriented Strategies Encompassing Individualize D Oocyte Number (POSEIDON)
criteria to classify poor responders were introduced in 2016 to achieve better stratification of poor responders and achieve an individualized
treatment approach for the patients.
Review results: Some of the proposed reasons include suboptimal gonadotropin dose, gonadotropin receptor resistance due to gonadotropin
receptor polymorphism and issues with ovulation trigger. Two most studied single nucleotide polymorphism are those at position 307 and
680 of exon 10 of Follicle stimulating hormone receptor. Some studies have demonstrated that homozygous Asparagine at position 680 required
lesser gonadotropin dose and had more oocyte yield in normoovulatory women compared with other variants at position 680. However, other
studies have reported contradictory findings. Similarly contradictory results have been reported from various studies regarding ovarian response
with respect to variants at locus 307. Some of the proposed treatments for patients with unexpected responders include increasing the dose
of Inj. FSH, adding Inj. Luteinizing hormone receptor (LH) to ovarian stimulation, use of dual trigger, synchronizing the follicular cohort, use of
adjuvants during IVF, and dual stimulation.
Conclusion: The exact reason for such a response is still unclear although role of FSH/LH polymorphism has been studied extensively. However,
no specific FSH/LH polymorphism has been consistently been associated with such unexpected hyporesponse. There is no high quality evidence
for other proposed treatment options.
Keywords: BOLOGNA criteria, Dual trigger, FSH receptor polymorphism, LH receptor polymorphism, Poor ovarian responders,
POSEIDON classification.
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B ac kg r o u n d

1,2

It has been more than 40 years since the birth of the first in vitro
fertilization (IVF) baby in Cambridge, UK1 and subsequently, more
than 8 million babies have been born following IVF.1 In many parts
of the world, there is a trend which suggests that more couples are
delaying the decision to start a family.2 As a result, there has been
an increase in the mean age at which the woman delivers her first
baby.3 There has been a steady increase in number of IVF cycles being
performed across the world.4,5 For many of the infertile couples due
to various reasons such as advanced age, diminished ovarian reserve,
severe tubal factors, and male factor infertility, assisted reproduction
technology (ART) remains the most effective treatment option.
An important step of IVF is controlled ovarian hyperstimulation
(COH), with an aim to achieve multifollicular response. 6
Conventionally, the protocol and gonadotropin dose is tailored
according to the woman’s age, body mass index, presence of
polycystic ovaries morphology on ultrasound, ovarian reserve and
previous ovarian response to COH to ensure adequate oocyte yield,
and minimize complications such as OHSS.7 Earlier studies have
reported that the live birth rate per fresh embryo transfer continues
to rise with increase in number of oocytes retrieved but it plateaus
when approximately 15 oocytes are obtained following oocyte
retrieval. However, recent studies have reported that cumulative

LBR continues to increase with oocyte yield beyond 15 oocytes.8,9
These studies suggest that maximizing oocyte yield increases the
cumulative LBR and indirectly suggest aggressive ovarian stimulation
to achieve the goal.
However, in spite of high dose of gonadotropin usage during
COH, many women have poor ovarian response (<4 oocytes
retrieved) and are called poor responders. Poor ovarian response
is usually seen in women with advanced age, diminished ovarian
reserve and in some cases, young women with adequate ovarian
reserve. The prevalence of poor responders varies between 5.6 and
35.1%.10,11 Though a number of interventions have been suggested,
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most have been found to be of little benefit in improving
treatment outcomes.12,13

Bologna Criteria
Initially, the definition of poor responders lacked standardization
which led to surfacing of heterogeneity issues when evaluation
of intervention for this population was contemplated.14 In the
last decade, there have been efforts to standardize the definition.
To address the problem, and as a first step, Bologna criteria were
introduced in 2011 after expert consensus.15 According to Bologna
criteria, poor responders are identified based on age (≥40 years),
history of poor response in previous cycle (≤3 oocytes) and/or
abnormal ovarian reserve test.
However, Bologna criteria had its own shortcomings. In the
Bologna criteria, the cut off age is ≥40 years. It has been seen that
women with age <40 years is a very broad category and they can
be further subdivided into different age-groups based on different
prognosis to reduce heterogeneity.16 Another important drawback
is the wide range of the cut off values of the ovarian reserve
test.17 The accuracy and validity of this wide range of value was
not clearly explained by ESHRE consensus.17 The subpopulation of
young women with adequate ovarian reserve but unexpected poor
response or suboptimal ovarian response (4–9 oocytes retrieved)
were not addressed in Bologna criteria. Embryo ploidy, which
depends on quality of the oocyte, which in turn is influenced by age
of the woman (aneuploidy increasing with women age >35 years),
goes unanswered under the Bologna criteria.18

POSEIDON Classification
To deal with the limitations of Bologna criteria, The Patient-Oriented
Strategies Encompassing Individualize D Oocyte Number
(POSEIDON) group was established in 2016 comprising of
experts from the field of Reproductive Medicine, from various
countries.19 They first introduced the concept of low response and
suboptimal ovarian response. According to this system the patients
were classified into four groups.19
Young women, less than 35 years, with adequate ovarian
reserve but with a history of poor (<4 oocytes retrieved) or
suboptimal ovarian response (4–9 oocytes retrieved) in a previous
IVF cycle were classified as Group 1 while women aged 35 years or
more with adequate ovarian reserve and similar history have been
classified separately in Group 2.19 Group 3 and 4 include women
with diminished ovarian reserve aged less than 35 years and 35 or
more years, respectively. POSEIDON concept attempted to achieve
a more pragmatic goal: (1) a better stratification of the so called
low prognosis women, (2) an individualized treatment approach
for the patients.19
Out of the four groups in POSEIDON classification, Group 1
women and to an extent, Group 2 as well, who had started an
IVF cycle with good prognosis but had an unexpected poor or
suboptimal response have been focus of ongoing research. The
unexpected poor/suboptimal response leads to cycle cancellations,
and/or lower LBRs which increases the treatment burden for the
couples and is frustrating for the clinicians. There is a need for greater
understanding of the probable reason for such a response which
can help plan treatment strategies and optimize the outcomes in
these groups.

Causes for POSEIDON 1 and 2
The probable cause and pathophysiological mechanism of
unexpected poor response to ovarian stimulation is not yet
24

clear. 20 Some of the proposed reasons include suboptimal
gonadotropin dose, gonadotropin receptor resistance due
to gonadotropin receptor polymorphism and issues with
ovulation trigger.21
Follicle stimulating hormone (FSH) receptor/Luteinizing
hormone receptor (LH) polymorphism:
Mutation and polymorphism are the existence of more than one
variant, with respect to chromosomal structure, gene and protein
sequence.22 When the variations occur with frequency of ≥1% in the
general population, it is known as polymorphism.23 Polymorphism
can involve changes in one or more nucleotide. Single nucleotide
polymorphism (SNP) is the most common. It can be used as genetic
signature to study various traits and diseases in the population.
Studies have reported single nucleotide polymorphisms
at various loci in the coding region of FSH receptor. The
two most studied SNPs are those at position 307 and 680 of
exon 10. 24 Polymorphism at position 307 results in presence of
either threonine or alanine and at position 680 it results in either
asparagine or serine. At locus 307 the possible variants are
homozygous alanine (Ala307Ala), homozygous threonine (Thr307Thr)
or heterozygous alanine-threonine (Ala307Thr). At position 680 the
possible variants are homozygous serine (Ser680Ser), homozygous
asparagine (Asp 680Asp) or heterozygous serine-asparagine
(Ser680Asp). In the LH receptor, the most studied polymorphism is
the one at locus 312 (between Asparagine and serine).25
Studies have reported that the response of ovarian stimulation
with gonadotropins is related to FSH receptor gene polymorphism
but results from various studies are conflicting.26,27 Mayorga et al. and
Yan et al. demonstrated that patients with homozygous Asparagine
at position 680 required lesser gonadotropin dose and had more
oocyte yield in normoovulatory women.26,28 Contradicting this,
Behre et al. and Achrekar et al. demonstrated in normogonadotropic
ovulatory women when similar dose of FSH is administered,
there was no statistically significant difference in number of
oocytes retrieved, clinical pregnancy rate in different variants at
locus 680. 24,29 Similarly Laven et al. showed from their study in
WHO class II anovulatory infertile women that FSHR polymorphism
at 680 did not have significant effect on the amount of FSH used. 30
With respect to polymorphism at 307, an earlier study
reported that women with homozygous Alanine at position
307 required lower amount of FSH and those with homozygous
for Threonine required higher amount of FSH dose during ovarian
stimulation.24 On the contrary Yan et al. reported that in couples
with either tubal or male factor infertility, women with Ala307Ala
had significantly higher proportion of poor response.31 Laven et al.
found that FSHR polymorphism at 307 did not have significant
effect on the amount of FSH used30 in women with WHO class II
ovulatory dysfunction.
With respect to FSH receptor polymorphism and basal serum
FSH level, Yan et al. reported that at locus 307 homozygous
Alanine had a significantly higher basal FSH compared to the
other two variants 31 However, the Indian study by Achrekar et al.
found no significant difference in basal FSH among the different
variants at 307 or 680.24 Similar findings with respect to position
307 was reported by Dolfin et al.32 With respect to FSH receptor
polymorphism at locus 680, basal FSH was significantly more in
Ser680Ser compared to the other two variants in various other
studies.26,28,30,31
There is paucity of studies evaluating the role of LH
receptor polymorphism. Most studies involved LH receptor at
polymorphism at 312. Lindgren et al. reported no difference in
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oocyte numbers when different variants were compared but the
pregnancy rate was significantly higher in homozygous Serine at
position 312 compared to the heterozygous serine, threonine, or
homozygous threonine. 25

Proposed Treatment Strategies for POSEIDON 1 and 2
Unlike women of other two POSEIDON groups, women in POSEIDON
Group 1 and Group 2 have the advantage of having adequate
ovarian reserve. Therefore, a properly tailored IVF cycle will help
in achieving adequate number of oocytes and thereby improve
treatment outcome.
Increasing the dose of FSH: Since one of the proposed
mechanisms for unexplained hypo-response is FSH receptor
polymorphism, rendering FSH receptor resistant to the
gonadotropin, one of the option is to increase the starting dose
of FSH used for ovarian stimulation for subsequent ART cycle.
A recent systematic review reported that the chance of poor
response was lower and oocyte yield was significantly higher with
gonadotropin dose of 300 IU compared to 150 IU. 33 An increase
in starting dose of gonadotropin dose in women with previous
history of poor/suboptimal response may result in optimum
treatment outcome. 34
Addition of LH: Considering that LH receptor polymorphism
may be a cause of hyporesponse, adding LH along with FSH during
ovarian stimulation can be beneficial. A recent meta-analysis
reported that adding LH to FSH during ovarian stimulation, the
number of oocytes retrieved, implantation rate, clinical pregnancy
rate, and live birth rate increased significantly.35 Similar conclusions
were made by Alviggi et al. in their systematic review. 36 However in
most of the studies included in the review, the protocol used was
long protocol and the definition of poor responders was neither
homogenous nor standardized. Studies specific to POSEIDON 1 or
2 patients are lacking.
Dual trigger: Dual trigger is considered to be more physiological,
by providing both the FSH and LH surge unlike the conventional
single ovulation triggers. Earlier studies have shown that dual
trigger help in increasing the number of mature oocytes in case of
normorespnders and hyperresponders. 37,38 Recent retrospective
cohort studies39,40 reported an increase in the total number of
oocytes retrieved, number of mature oocytes retrieved and higher
number of cleavage stage embryos in women with diminished
ovarian reserve following administration of dual trigger compared
to trigger with only Inj. hCG. However, two recent RCTs did not
demonstrate any benefit of dual trigger over Inj. hCG alone trigger
in poor responders.41,42 Khalife et al. conducted an interim analysis
of their study comparing dual trigger using triptorelin and hCG vs
only hCG in Bologna criteria poor responders. They concluded that
the total number of oocytes retrieved, number of mature oocytes,
and fertilization rate was not significantly different between the
two groups.42 However studies evaluating women belonging to
POSEIDON Group 1 or 2 are lacking.
Synchronizing the follicle cohort: In antagonist protocols
risk of asynchronous development of follicle cohort is high,
leading to a low Follicle output ratio (FORT) and this may lead to
suboptimal/poor oocyte yield. Oral contraceptive pills and luteal
phase estrogen have been widely used to synchronize the follicle
cohort and cycle programming. OC pill can be used to synchronize
the follicular cohort in antagonist cycles. However, recent Cochrane
meta-analysis has shown that number of oocytes retrieved was
not statistically different in OCP pretreated antagonist cycle
compared to antagonist cycle without pretreatment with OCP,

and the live birth rate was significantly lesser in OCP pretreated
group.43 Option of pretreatment with estrogen can be explored in
antagonist cycle for follicular synchronization without any impact
on Live birth rate.
Adjuvants during IVF stimulation: Adjuvants like androgens
(DHEA and testosterone) and growth hormones are offered
to improve the outcome of IVF treatment. However, most of
these interventions lack robust evidence and are expensive. A
recent metanalysis 44 evaluating the role of Growth hormone
in poor responders reported that there was an improvement in
total number of oocytes, number of mature oocytes retrieved,
number of embryos available, and clinical pregnancy rate.
However, there was no significant improvement in live birth rate.
Subgroup analysis of studies using Bologna criteria to define poor
responders could not confirm improvement in clinical pregnancy
rate. Moreover an appropriate dose, regimen, and protocol for
growth hormone remains unclear. Studies have used reported
use of Growth hormone 1 IU every alternate day to 12 IU daily.
A Cochrane systematic review concluded that pretreatment with
testosterone and DHEA in poor responders undergoing IVF, may
be associated with improvement in live birth rate.45 However,
there is insufficient evidence to conclude regarding safety of
these drugs and controversies regarding their beneficial effect
still persist. Further studies are required for definitive conclusion
regarding their benefit and safety and and also to the dose and
regimen in POSEIDON Group 1.46
Dual stimulation: Dual stimulation, in which ovarian stimulation
is conducted in follicular phase and luteal phase of the same cycle
has been proposed as an option to increase the oocyte yield
in a single ovarian cycle.47 Studies have demonstrated that the
oocytes retrieved in luteal phase is comparable to the oocytes
retrieved in follicular phase with respect to fertilization, euploidy,
and blastulation rate.48 A case series of 54 bologna criteria poor
responders reported that the number of oocytes retrieved in luteal
phase stimulation was more compared to that in follicular phase
stimulation.49 Dual stimulation may help in decreasing the time
to obtain a single euploid embryo for transfer and decrease drop
out rate.48 However, this stimulation protocol requires mandatory
elective cryopreservation. Further studies regarding the safety of
dual stimulation are required before it can be advocated routinely.
Studies regarding the effectiveness of dual stimulation in POSEIDON
Group 1 and 2 patients are lacking.

Discussion
In recent times significant effort has been made to standardize the
concept of poor responders and women with low prognosis. The
introduction of POSEIDON criteria has helped in understanding
and stratifying women with expected poor response and those
with unexpected poor response. One of the most important groups
of women is those who have adequate ovarian reserve but end
up with unexpected poor-response/suboptimal response. The
exact reason for such a response is still unclear although role of
FSH/LH polymorphism has been studied extensively. However, no
specific FSH/LH polymorphism has been consistently associated
with such unexpected hyporesponse. Thus, role of FSH/LH
receptor polymorphism testing in women with poor/suboptimal
response is unclear. In majority of the ART cycles with history of
poor/suboptimal response, the clinicians increase gonadotropin
starting dose or change the protocol which most often result in
increased oocyte yield and thereby an increase in LBR. There is
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no high quality evidence for other proposed treatment options
such as addition of recombinant LH and duo stimulation which
also increase the cost and are not patient friendly. OC pill/estradiol
pretreatment can be explored in antagonist protocol for better
follicular synchronization but there is ongoing concern about
negative impact of OC pill on LBR in antagonist cycle. Dual trigger
seems to be upcoming strategy and early studies indicate higher
oocyte yield.
There is need to plan a study to determine the prevalence
of FSH/LH polymorphism in dif ferent subpopulation of
POSEIDON to establish its role in gonadotropin response during
ovarian stimulation.

C o n c lu s i o n
Unexpected poor responders are an important group of patients
in our clinical practice. The exact cause of the poor ovarian
response is not properly understood but gonadotropin receptor
polymorphism can be a plausible explanation. Various treatment
options have been proposed for this group of patients, however
robust evidence is lacking. Further research is required to elucidate
the cause of such poor/suboptimal response and the role of FSH
receptor polymorphism in such cases. Further well designed RCTs
are required to determine the treatment strategies of this group of
women under POSEIDON 1 and 2.
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