Antral Follicle Count
AMH
Focus on AFC and AMH, which are now beginning to dominate
clinical practice, acknowledge their inherent limitations, and propose
a vision for the future.

Granulosa cells

are known to make many hormones and growth
factors, including for example inhibins, insulinlike growth factors, activins, transforming growth
factor, and vascular endothelial growth factor.
Their different properties suggested some might
be better indicators of ovarian reserve than others.
Cell culture experiments revealed characteristic
changes in the granulosa cell secretions from
follicles of older women with diminished ovarian
reserve Am J Obstet Gynecol 1993; 169: 1531-1535.

AMH
Although AMH was first noted to be present in human
follicular fluid in 1993, its function and significance were
not completely understood . J Clin Endocrinol Metab
1993; 76: 711-714.
In 1999 a report using AMH knockout mice showed
acceleration in the exhaustion of the primordial pool, thus
suggesting a link to a growth factor that influenced rate of
egg depletion Endocrinology 1999; 140: 5789-5796.

AMH
The recognition that serum antimüllerian
hormone provides an indirect measure of the
ovarian reserve has led to its rapid adoption in
assisted conception, and wide exploration of its
potential across the reproductive lifespan from
the neonate to the menopause.

ovarian reserve
The term ovarian reserve is used to mean
either the population of NGFs within the ovary
(perhaps more properly termed the true
ovarian reserve) or the population of small
growing follicles that can be recruited by
exogenous FSH, most often used in the
context of assisted reproduction.

AMH
It is still widely believed that the human ovary
establishes several million nongrowing follicles (NGF)
at around 5 months of gestational age, which is
followed by a decline to the menopause when
approximately 1,000 remain at an average age of 50—
51 years . With approximately 450 ovulatory monthly
cycles in the normal human reproductive lifespan, the
majority of follicles are destined to become atretic
during the growth phase.
Hum Reprod 1992; 7: 1342-1346.

81% of the variance in NGF populations is
due to age alone. We have also
demonstrated than the rate of NGF
recruitment increases from birth to age 14
years then declines with age until the
menopause. Further analysis
demonstrated that 95% of the NGF
population variation is due to age alone
for ages up to 25 years.

AMH and AFC:
The circulating AMH level will reflect the output
of all granulosa cells within the follicles; this
production is not consistent and will reflect the
size of the follicles, the potential granulosa cell
mass, the state of maturation of the granulosa
cells, the intrafollicular environment, and the
genetics of the individual, in whom with a variety
of single-nucleotide polymorphisms (SNPs) may
potentially influence AMH production. Hum Reprod
Update. Published online October 26, 2012.

The lack of standardization
knowledge regarding image optimization, inclusion criteria for
antral follicles (e.g., 2—5 mm or 2—10 mm), and methodology
for counting and measuring follicles.
AMH, there have also been major technical limitations. These
include the various existent forms of the assay, including the
original research assays, the DSL and Immunotech assays, the
Beckman Coulter Generation II assay, which combines the
cross-species DSL antibodies with the Immunotech standards,
the new AMH enzyme-linked immunosorbent assay (ELISA),
which uses different antibodies, and the fully automated AMH
assay that is due to be released by several companies

AMH and AFC:
Given the multiple technical limitations, it is
incredible that AFC or AMH exhibit such
strong and similar associations with the size of
the primordial follicle pool and follicular
recruitment rates
Consequently, analyses of AFC against AMH
have consistently shown strong correlations
Hum Reprod 2009; 25: 221-227.

AMH and AFC: the two faces of
the moon
The initial studies examining the relationship of
AFC and AMH with oocyte yield used stimulation
strategies such as the long-course agonist, which
attained maximal follicular recruitment and were
heralded for their beautiful linear relationships.
Hum Reprod 2007; 22: 2414-2421.

This work has now been replicated for antagonist
strategies; although the correlation coefficients are
still strong, they are weaker. Hum Reprod Update 2010; 16: 113130.

AMH and AFC: the two faces of
the moon
Given the linear relationships of AFC and AMH with
oocyte yield and their strong correlation with each
other, one would anticipate that they could predict the
extremes of ovarian response and the clinical scenarios
of poor response and OHSS. Indeed, several
systematic reviews, meta analyses, and individualpatient data meta-analyses have all shown that both
AFC and AMH have essentially equivalent
performance characteristics for the prediction of both
poor and excessive ovarian response Hum Reprod Update
2011; 17: 46-54.

AMH and AFC: the two faces of
the moon
By combining age, AMH,
and AFC, optimal
response prediction can be
achieved, with a
statistically significant
increase in the area under
the receiver operator curve
from 0.81 up to 0.85 if all
three are used as
compared to just two
variables. Hum Reprod Update
2013; 19: 26-36.

Why predict ovarian response?
avoid iatrogenic complications, ensure that
patients are counseled appropriately, have
realistic expectations of the outcome of their
ovarian stimulation, and ensure that clinicians
choose the optimal stimulation strategy even in
that very first treatment cycle. That AFC and
AMH can predict ovarian response accurately
enables clinicians and thereby patients to be
informed about all these critical steps.

Antimüllerian hormone (AMH) stratified
individualization of treatment. Ovarian
response categories dictate risk, and
treatment strategies are designed to
minimize risk while maximizing oocyte
yield within each response category.
Negligible response means that the
conventional criteria for triggering (three
follicles ≥17 mm) is unlikely to be achieved.
For all antagonist cycles with an excessive
response, an agonist trigger is adopted.

predict ovarian response
The role of adjuvants such as androgen-modulating agents
at this end of the ovarian response spectrum remains to be
fully clarified . Inevitably, clinicians will have their
preferred stimulation strategies for each category, and
these will continue to evolve pending the development of
new therapeutic options and evidence from randomized
controlled trials. Pretreatment categorization of anticipated
ovarian response before the first treatment cycle has been
a critical step forward, and this approach is now being
adopted in ongoing randomized controlled trials

predict ovarian response
Whether knowing the anticipated oocyte response has a beneficial
psychological effect for the couple and thereby reduces cycle
dropout has not been formally evaluated. In our own practice, the
ovarian assessment report is performed before the initial
consultation, and it provides the predicted oocyte response
category, including poor or negligible response. This does appear
to set patient expectations appropriately, particularly at the bottom
end of the spectrum where only a few oocytes may be retrieved.
Given that many women do not fully appreciate the detrimental
effect of age on oocyte number, the ability to guide them on their
overall success by use of a combination of their age as a surrogate
for oocyte quality as well as AMH and AFC to indicate oocyte yield
has been a powerful tool

It is likely in the future that with standardization of
AMH and AFC measurement and stimulation
strategies, multivariate prediction models with tight
confidence intervals will be able to be created for
generating customized, individualized reports. Steps on
this path have already been made for dose adjustment,
using a combination of AMH, FSH, age, smoking
status, and body mass index.
Reprod Biomed Online 2012; 24: 281-292.

A future for ovarian response
biomarkers beyond ART
So although the future for blood biomarkers is
bright, potentially the greatest impact will be
not in the IVF clinic but among other healthcare providers. For years, nonreproductive
medicine specialists have been measuring FSH
to assess ovarian function, and it is a standard
first-line investigation by primary care
physicians and gynecologists for women with
menstrual irregularities.

The dominance of FSH is in part due to our
familiarity with its biological pathway, which
we learn as undergraduates, as well as its
ease of measurement on an automated
platform and consequently its price.
However, it clearly has a much lower
correlation with primordial follicle counts
and follicular recruitment rates and has
limited
ability
to
diagnose
ovarian
dysfunction, including polycystic ovarian
syndrome (PCOS).

As an alternative blood test, AMH
would appear to overcome these
shortcomings, particularly once
automation and competition make it as
available, routine, and cheap as FSH
measurement currently is. This critical
step will open up AMH to all healthcare providers, and will drive a wide
range of new and novel uses in a future
where AMH measurement dominates

High risk (>80%)
Hodgkin lymphoma (high stage) Total
body irradiation
Pelvic/testes RT
Chemotherapy before BMT
Metastatic Ewing sarcoma
Hodgkin lymphoma (pelvic RT)
Note: Adapted from Wallace et al. 2005
(35). BMT = bone marrow transplant;
NHL = non-Hodgkin lymphoma; RT =
radiation therapy.

Antimüllerian hormone (AMH) concentrations before treatment (Pre), at the end
of treatment (End), and at more than 6 months recovery after treatment
(Recovery). Patients were stratified according to predicted risk of gonadotoxicity.
Median ± interquartile range n = 9, high risk; n = 13, medium/low risk. *P<.01
versus before treatment; **P<.01 versus end of treatment; ***P<.001 vs. before
treatment.
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Conclusion
Our current ability to predict ovarian response has been
transformed in recent years with the recognition of the strong
linear relationships of AMH and AFC with ovarian reserve. The
automation of the AMH assay will be a major step forward and
allow rapid access to estimation of the ovarian reserve to all
health-care providers. Inevitably, ovarian biomarkers will
continue to develop dramatically, with the integration of novel
discovery platforms and computational medicine.
However, while we await these developments, we can ensure
that we harness the collective power of the currently available
biomarkers to ensure optimal patient care and true
personalization of ovarian stimulation.

Conclusion
The AMH level predicts oocyte yield more
accurately than FSH and can be used to
identify women who will either over-respond
to a stimulation regimen and will thus be at
risk of ovarian hyperstimulation syndrome
(OHSS), and those who are likely to be poor
responders whose expectations can thus be
managed
Hum Reprod 2007; 22: 2414-2421.

Antimüllerian hormone is the most informative serum
marker of ovarian reserve currently available and
should be considered an important part of any
contemporary reproductive medicine practice. It is
both more convenient and informative than basal FSH
and can be assessed at any point in the cycle. It is the
most useful serum method of determining ovarian
reserve, which guides pretreatment counseling, choice
of infertility treatment, and avoidance of ovarian
hyperstimulation. The future role of basal FSH testing
is in doubt. James P. Toner M.D., Ph.D. a *, David B. Seifer M.D. b
c
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Recently this long-held view of mammalian reproductive
biology has been challenged by reports of the presence of
mitotically active germ stem cells in juvenile and adult
mouse ovaries . Certainly the presence of germ stem cells
within the mammalian ovary that are capable of neooogenesis remains controversial , and a better
understanding of the establishment and decline of the
NGF population will be important in determining
whether neo-oogenesis occurs as part of normal human
physiological aging.
Nat Cell Biol 2009; 11: 631-636.

