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ABSTRACT: The Bologna criteria were published by the European Society of Human Reproduction and Embryology (ESHRE) in 201 | to help
address the lack of a clear definition of poor ovarian responders. Since its publication, aspects of the criteria have been cited several times, whilst

others have been criticized. In this debate, we re-examine the criteria (which address age, the number of oocytes retrieved and the results of
ovarian reserve tests) following new evidence produced and we analyse the criticism received in an attempt to determine if revisions are needed.
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Introduction

The treatment of poor ovarian responders (PORs) has been the subject
of numerous randomized trials over the last two decades. However,
despite the significant amount of evidence published, the numerous
definitions of PORs are striking, with 47 randomized trials published
until 2011 using 41 different definitions (Polyzos and Devroey, 201 1).
The first systematic effort to define women with a poor ovarian
response to stimulation was developed by the European Society of
Human Reproduction and Embryology (ESHRE) in 201 | and published
with the so-called ‘Bologna criteria’ (Ferraretti et al., 2011). Since
its publication, this article was cited 98 times (Scopus CiteAlert
2-4-2014), indicating a huge interest in the topic. The Bologna criteria
can help overcome the previous difficulties with studies on PORs
(Polyzos and Devroey, 201 |; Reynolds et al., 2013; Sunkara et al.,
2014), and recommendations have been made to prevent randomized
trials from using ‘random definitions’ or the publication of meta-analyses
of studies using an assortment of definitions of PORs (Polyzos and
Devroey, 201 1). The real applicability of the Bologna criteria should
be estimated through prospective clinical trials but, at this time, only
retrospective pilot studies have been published (Polyzos et dl.,
2013a,b) because of the short interval since the ESHRE definitions
were developed. Nonetheless, as expected, the Bologna criteria have
already been criticized for several reasons. The present article aims to
open a debate regarding whether and where the Bologna criteria
need to be revised based on the criticisms received and/or new evi-
dence produced since its publication.

The Bologna criteria

In201 | Frydman commented that ‘the Bologna criteria are not absent
of criticism especially because we do not know the various mechanisms
of diminishing oocyte quantity, which can have different impacts on
oocyte quality and may not to be sufficient to improve the outcomes
of various treatments’ (Frydman, 201 1). Although clearly reported in
the original paper, itis important to point out here that the Bologna cri-
teria were designed to select homogeneous groups of patients based
on ‘oocyte quantity’ for testing in prospective randomized trials for dif-
ferent strategies. The Bologna criteria did not presume to distinguish
between alteration in oocyte quantity versus oocyte quality from
assisted reproductive technologies (ART). Recurrent poor responders
cannot be homogeneous with regards to pregnancy outcome (Ouden-
dijk et al., 2012) but a standardized definition is crucial to identify the
optimal management of these challenging patients. According to the
ESHRE consensus on the definition of POR (Ferraretti et al., 201 1), at
least two of the following three features must be present:

(i) Advanced maternal age (>40 years) or any other risk factor.
(i) A previous poor ovarian response (cycles cancelled or <3 oocytes
with a conventional protocol).
(iif) An abnormal ovarian reserve test (ORT) (antral follicle count
(AFC) <5-7 follicles or anti-Mullerian hormone (AMH) <0.5-
[.1 ng/ml).

Inthe absence of advanced maternal age orabnormal ORT, two previous
episodes of poor ovarian response after maximal stimulation are
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sufficient to define a patient as a poor responder (feature iv of the
Bologna criteria).

The cut-off points chosen in the
‘Bologna Criteria’

Age

The ovarian response to follicle-stimulating hormone (FSH) decreases
with advancing age because of the physiological decline of the ovarian fol-
licle pool. However, in ART, age alone is not an accurate marker to
predict ovarian response, unless an extreme cut-off is adopted. The
decline of the follicle pool shows a sudden acceleration at ~37 years
of age (Rosen et al., 2012) but during ovarian stimulation for IVF, this
decline reaches a maximum manifestation only after the age of 43,
when the risk of a poor ovarian response is >70% (Ferraretti et al.,
2011). However, the age threshold in the Bologna criteria was 40
years old, based on the principle that no extreme cut-offs are necessary
when using a combination of features to identify high risk populations.
Several women, aged 40—42 years, undergoing their first cycle, are still
able to produce more than three follicles or three oocytes, while
women aged >40 years and also having an abnormal ORT or a previous
poor ovarian response may be identified as PORs based on the evidence
available. Thus, consistent studies on a large series of women are needed
for clarification. However, when designing clinical trials in ART, female
age is a crucial factor to consider as age alone remains the best marker
of oocyte quality and the best single predictor of ongoing pregnancy in
both normal and poor responders; none of the ORTs have added any
value (Broer et al., 2013).

Number of collected oocytes

Since the aim of IVF treatment is a live birth, an ovarian response is ‘poor’
when a patient has a significantly lower live birth rate compared with
women from whom ‘more’ oocytes were retrieved. The oocyte
number per se is not an index of oocyte quality, but a sub-optimal
number of oocytes for insemination is a limiting factor for in vitro
embryo’s selection and transfer of viable embryos. The ESHRE consen-
sus adopted the threshold of three oocytes; fewer than three oocytes
was defined as a ‘poor’ response to conventional ovarian stimulation
because that was the definition most frequently used in literature at
the time, although it was based on limited scientific evidence. Two
recent studies based on large clinical databases (Bhattacharya et dl.,
2013; Polyzos et al., 2014) confirmed that the threshold of three
oocytes adopted by the ESHRE consensus is adequate to identify patients
with a poorer prognosis for live birth rates.

ORTs

At the time of the ESHRE consensus, a large amount of research already
considered AMH concentration and AFC more reliable and accurate
than basal FSH (or other tests) in predicting ovarian response. Only
these two markers were therefore included in the criteria. At that time,
however, the cut-off values reported in the literature were extremely
varied and the consensus adopted a range between 0.5 and |.I ng/ml
for AMH and between <5 and <7 for AFC. A more recent update
(La Marca and Sunkara, 2014) was not able to identify precise cut-off
values that were universally adopted; ranges of values are still reported

as acceptable for the prediction of poor response. According to this
update, the Bologna criteria should only be adjusted for AMH (from 0.7
to 1.3 ng/ml) and the range for AFC should remain the same (<5 to
<7). In the future, the variables related to the measurement of AMH
(assay methods) and AFC (dimension of the follicle populations
counted) will likely be standardized, and once a consensus on the thresh-
olds of these markers is reached the Bologna criteria can be updated.

Risk factors other than age are
associated with a poor ovarian
response

A criticism was raised in a Letter to the Editor of Human Reproduction
(Younis, 2012) regarding the brief mention and ill-defined risk factors
fora poor ovarian response at a young age. During the ESHRE consensus
process, a detailed definition of the risk factors was not addressed
because, as underlined by Dr Younis, some are well established, some
are still controversial and some novel candidates may be identified in
the near future. Yet, we agree that a complete list of risk factors will
lead to a more simple and reproducible definition of a POR. A revised
and updated evaluation of the risk factors may be needed, in accordance
with the current knowledge and evidence. However, it is clear that not
one factor, so far, is able to identify or predict young PORs with high ac-
curacy. The approach adopted by the ESHRE consensus, using risk
factors as criteria to define PORs (or expected PORs) only when
present in combination with other criteria, remains valid.

Homogeneity of the population
fulfilling the Bologna criteria

The article by Papathanasiou (2014) published in this issue raised criti-
cism regarding the crucial point of the ESHRE consensus: the ability to
select a homogeneous population of PORs for testing in future trials.
The largest part of this article (‘how to achieve balanced patient alloca-
tion into study groups’) is based on the remarks that the Bologna criteria
may include various subpopulations with ‘diverse baseline characteristics
and unknown clinical prognosis’. This would produce potential bias and
methodological pitfalls in the design of clinical studies. In PORs, the ‘clin-
ical prognosis’ is obviously related to both the low number of recruitable
follicles (reduced ovarian reserves) and to some baseline characteristics,
such as age (or other factors responsible for PORs), affecting oocyte
quality and the ongoing pregnancy rate.

As described in the introduction, the Bologna criteria aimed to identify
homogeneous populations of women with reduced ovarianreserves, not
women with similar prognoses for pregnancy. In the validation process of
the ESHRE consensus, oocyte number and oocyte quality (or ovarian
reserve and the prognosis for pregnancy) need to be distinguished. It is
feasible (but not yet proven because of the spurious definitions of
PORs used for many years) that the prognosis for pregnancy may differ
among the population of PORs. As in normal responders, the most im-
portant factor affecting oocyte quality in PORs is age. The retrospective
study cited by Papathanasiou to suggest a ‘potential different prognosis of
pregnancy’ in subpopulations of PORs (Klinkert et al., 2004) is a clear
example of an ‘inaccurate’ study design. The live births were compared
for different aged groups of women: expected PORs aged >40 years and
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unexpected PORs aged <40 years. When the end-point is a live birth,
the first condition required for any clinical trial in IVF is to select similarly
aged women. Why should this not be observed in PORs? The authors of
the ESHRE consensus did not consider it necessary to recommend this
approach for future trials because it should be implied.

To properly investigate if the ‘clinical prognosis’ can be improved by
different interventions in these challenging patients, realistic criteria are
needed to identify women with reduced ovarian reserves in a simple
and reproducible manner to avoid bias related to patient selection.
Efforts should be mainly focused on improving the prognosis in young
PORs, since age cannot be ‘reduced’ by any intervention. Prospective
controlled trials using standardized definition of PORs will be able to
finally produce evidence contributing to the most interesting, but still
controversial, areas of research regarding the use of androgen or
androgen-modulating agents (Bosdou et al., 2012) and the value of
growth hormone (De Ziegler et al., 201 1) in PORs.

To clarify once again, the purpose of the Bologna criteria was not to
identify women with similar prognoses of pregnancy. The ‘crucial question’
remains if the Bologna criteria are really able to identify patients with
reduced ovarian reserves or subpopulations of patients having different
degrees of ovarian reserves. Papathanasiou describes different subpopula-
tions, all fulfilling the Bologna criteria, that can be selected based on pos-
sible combinations of risk factors, ORT results and previous [VF
attempts (see Table | of Papathanasiou, 2014). Some of these subpopula-
tions are described as patients having normal ORTs (2a, 3a, and 3b).
Actually, in the ESHRE consensus paper, it is never written that women
had ‘normal ORTS’; rather it states ‘in the absence’ of abnormal ORTs
(see feature iv of the Bologna criteria). The rationale was to identify even
women not tested with ORTs (if fulfilling the other criteria) as PORs
because at the time of the ESHRE consensus the use of AFC and AMH
was still limited. Today, it is realistic to believe that after one (or more)
poor ovarian responses, the women will be tested for AMH or AFC
before including them in clinical trials on PORs. In cases with results
inside the normal range, there are two possibilities: the first episode of
POR was an occasional finding and could be absent in subsequent cycles
or the women have normal ORTs, but ovaries resistant to FSH/LH stimu-
lation. In the first case, women will not meet any more of the present
Bologna criteria. In the second case, if such a population exists it has to
be excluded from the trial on PORs because the underlying pathology
may be very different and may require different therapeutic approaches.
Some doubts could remain in cases with borderlines ORT resuilts.

Following recent evidence that documented the accuracy of AMH and
AFC in the prediction of poor ovarian response, some could believe that
such tests can be sufficient to ‘identify’ the POR population and, there-
fore, that the Bologna criteria are not necessary anymore. Today, the
AFC or AMH measurement is recommended to individualize ovarian
stimulation in clinical practice (The Practice Committee of ASRM,
2012; La Marca and Sunkara, 2014); yet, for scientific purposes, these
new markers alone still remain insufficient for accurately identifying
women with the highest probability of being a real POR. According to
the ESHRE consensus, more than one criterion should be contemporan-
eously present in each subject.

Conclusions

The minimal criteria of the ESHRE consensus are not ‘perfect’ and may
need to be revised and implemented. Thus, comments and criticisms

are welcome. However, based on updated literature reports, minimal
revisions should be necessary at this point. Until there is evidence on
the contrary, the Bologna criteria still remain the best realistic attempt
to identify, in a simple and easy reproducible manner, women with the
highest probability having ‘similar’ reduced ovarian reserves. This is the
first step to compare results and to produce evidence in the controversial
issue of what kind of strategy should be proposed in this situation. Never-
theless, we completely agree that, besides age, oocyte quality of these
women may be differently influenced by the various mechanisms
(Frydman, 201 I') and risk factors (Younis, 201 2) underlying the reduction
of their ovarian reserve; future researches in these fields are urgently
needed to investigate the real impact of any intervention on the clinical
prognosis of PORs.
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