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Abstract A fastidious fertility evaluation designed to dis-
cern all factors contributing to a couple’s inability to con-
ceive is the quintessential approach to a well-justified, cost-
effective treatment plan. The purpose of this review is to
outline the steps of female infertility evaluation as well as all
evidence-based methods in a reproductive endocrinologist’s
armamentarium to perform it. Evaluation should always
start with the least invasive approaches for detection of the
most common causes of infertility. The most common iden-
tifiable causes of female infertility include ovulatory disor-
ders, tubal blockade or other reproductive tract pathology
(irregular cervical mucus production, endometriosis, pelvic
adhesions), and/or other medical condition interacting with
the above (hyperprolactinemia, thyroid disorder). Incessant
advancement of Assisted Reproductive Technology techni-
ques renders more and more infertility causes amenable to
treatment; a rational use of available approaches in terms of
both personalized feasibility and cost-effectiveness should
be applied.
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Introduction

According to the Practice Committee of the American Soci-
ety for Reproductive Medicine definition of infertility, a
diagnostic workup for infertility is evidenced for females
who fail to achieve a successful pregnancy after 12 months
or more of regular unprotected intercourse. Earlier evalua-
tion and treatment is warranted after 6 months of fruitless
attempts to conceive for women older than age 35 years and
may be justified based on medical history and physical
findings [1], including but not limited to history of oligo-
or amenorrhea, known or suspected uterine/tubal/peritoneal
disease or stage III–IVendometriosis, and known or suspected
male subfertility [2–4]. This definition has been censured as
vague due to the fact that treatment-independent pregnancy
rates after 12 months of trying have been shown to be as high
as 61 % among couples defined as “infertile” [5, 6]. Instead,
the term subfertility often is used to describe the failure to
conceive unless the couple has been proven to be sterile.
Fecundability, the probability of achieving a pregnancy in a
given menstrual cycle, also is utilized as a more accurate
descriptor because it recognizes varying degrees of infertility.
A system of prognostic grading in conjunction with state-
ments regarding the couple’s fertility history and diagnosis
has been proposed to diminish confusing terminology, yet has
not been widely accepted [7].

Because approximately 85 % of couples will conceive
within 12 months of attempting pregnancy—with fecund-
ability progressively decreasing over time—evaluation may
be indicated for as many as 15 %. Diagnostic assessment for
female infertility should be performed in a systematic, ex-
peditious, and cost-effective mode to determine all relevant
factors, starting with the least invasive approaches for de-
tection of the most common causes of infertility. Evaluation
of both partners should be performed concurrently [8••].

Recognition, evaluation, and treatment of infertility can
be a stressful and emotionally taxing process for the woman
[9]. Involved health care professionals have to bear in mind
that under no circumstances should the medicalization of
infertility bring about disregard for the woman’s emotional
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state, because psychological interventions have been found to
improve some patients’ chances of becoming pregnant [10].

History and Physical Examination

Findings on history and physical examination may imply the
cause of infertility, narrowing the focus of the diagnostic
evaluation. This is why primary counseling should include a
comprehensive medical, reproductive, and family history
and performance of a meticulous physical examination.

Appropriate history includes several points starting with
duration of infertility—defined as the period of time during
which unprotected intercourse has taken place—as well as
the results of any previous evaluation and therapy. Menstru-
al history, including age of menarche, cycle length and
characteristics, presence of molimina, and presence/severity
of dysmenorrhea, should be queried. Complete obstetrical
history outlining gravidity, parity, pregnancy outcomes, and
related complications along with medical and surgical his-
tory has to be requested. In addition, gynecological history,
including pelvic inflammatory disease, sexually transmitted
infections, and treatment of any previous abnormal Pap
smears, as well as sexual history pertaining to coital
frequency and sexual dysfunction, should be obtained.
Presence of thyroid disease, galactorrhea, hirsutism, pel-
vic or abdominal pain, and dyspareunia has to be deter-
mined. Past use of contraceptive methods together with
current medications and allergies should be disclosed
as well as any exposure to known environmental/occu-
pation-associated toxin, tobacco, alcohol or illicit/recre-
ational drug, or chemotherapeutic agents. Determining
any family history of birth defects, mental retardation,
early menopause, and reproductive failure/compromise is
of equal importance [8••].

Physical examination should evaluate for signs indicative
of potential infertility causes. Because association between
extreme values of body mass index (BMI) and ovulatory
infertility has been documented [11, 12], patient’s weight
and BMI should be noted, as well as blood pressure and
pulse. A thorough physical examination should identify
thyroid enlargement, nodules, or tenderness suggestive of
thyroid dysfunction, breast secretions due to hyperprolacti-
nemia, and virilizing effects of androgen excess (hirsutism,
acne, hair thinning, male pattern baldness), due to adrenal
disorder or polycystic ovary syndrome. Pelvic examination
to assess vaginal/cervical anatomical abnormalities or dis-
charge, as well as masses or tenderness in the adnexa or
pouch of Douglas should evaluate for the presence of mül-
lerian anomalies, infection, and pelvic inflammatory disease
or endometriosis. Size, shape position, and mobility of
uterus has to be documented to exclude leiomyomas, endo-
metriosis, or uterine adhesive disease [8••].

Evaluation of Ovulatory Function

Ovulatory disorders can be identified in 15–25 % of couples
presenting with infertility and makes up approximately
40 % of female infertility [13, 14].

Irregular or absent menstruation and molimina are com-
monly, but not always, revealing of the dysfunction. Poten-
tial causes of ovulatory dysfunction include most commonly
polycystic ovary syndrome and thyroid disorders, or accom-
pany primary hypothalamic-pituitary dysfunction (intense
exercise, eating disorders, hyperprolactinemia, pituitary ad-
enoma, Kallmann’s syndrome). Often anovulatory dysfunc-
tion may be related to decreased ovarian reserve (as will be
discussed later) or congenital adrenal hyperplasia.

When oligomenorrhea or amenorrhea is reported in
patient’s menstrual history, diagnosis of anovulation is very
likely. A basic hormonal evaluation, including follicle-
stimulating hormone (FSH), estradiol, thyroid-stimulating
hormone (TSH), and prolactin, as well as a serum HCG, is
a cost-efficient approach to establish the underlying etiology
in the majority of the cases. However, ovulatory function
assessment in infertile women with normal menses (monthly
episodes of bleeding) necessitates an objective marker.

Basal body temperature (BBT) recording throughout the
cycle can be an undemanding ovulation index. Ovulatory
cycles are principally inferred by a biphasic BBT pattern
and anovulatory by a monophasic one; however, several
cases of ovulatory women failing to document a biphasic
BBT charting have been reported [15]. Because the BBT
nadir is thought to precede ovulation, it has been proposed
that the low temperature could be a useful predictor of
ovulation. BBT nadir timing has been shown to be scattered
from day −4 to day +6 of actual ovulation, proving itself as
an unreliable ovulation marker [16]. Some providers suggest
that the shift in BBT during a menstrual cycle is more
reliable as a confirmatory marker of ovulation than the
BBT nadir as a predictor of ovulation. The BBT test cannot
accurately define ovulation and is no more deemed a pref-
erable method for assessing ovulatory function for most
infertile women [8••].

Ovulation can simply be confirmed by a mid-luteal
progesterone level measurement. In the light of the
normal range in cycle length, serum progesterone levels
should be obtained approximately 1 week before the
expected onset of the upcoming menstrual period [8••].
For a typical 28-day cycle, this coincides with
day cycle day 21. A progesterone level >3 ng/ml is a
putative but credible marker of ovulation occurrence
[17]. However, failure of ovulation in which, despite
the absence of follicular rupture and release of the
oocyte, the unruptured follicle undergoes luteinization
under the action of luteinizing hormone (LH) and nor-
mal production of progesterone and duration of the

Curr Obstet Gynecol Rep (2012) 1:174–181 175



luteal phase of the cycle are evidenced, has been widely
reported and is defined as luteinized unruptured follicle
syndrome [18–20]. Urinary over-the-counter ovulation
prediction kits, by determining LH can detect effectively
the LH surge, which is the prelude to ovulation. Thus,
urinary LH surge determination provides indirect evi-
dence of imminent ovulation and denotes the 3-day
interval (the day of LH surge and the following two
[21]) during the course of which conception rates are
optimal, serving to maximize the user’s knowledge of
the fertile window and thus time intercourse or insem-
ination. However, additional confirmatory testing occa-
sionally may be necessary, because a 7 % false-positive
rate has been reported [22].

Endometrial biopsy (EMB) and subsequent histological
evaluation can confirm the secretory uterine lining, which is
entailed and maintained by progesterone, implying ovula-
tion. Histological dating of timed endometrial biopsy tissue
according to the criteria of Noyes et al. [23], has long been
established as the “gold standard” for assessing the func-
tional integrity of the corpus luteum and diagnosing luteal
phase deficiency (LPD) [8••]. However, results from a large,
prospective, multicenter study demonstrated that histologi-
cal dating of the endometrium fails to discriminate between
women of fertile and infertile couples [24]; this along with
proven lack of both accuracy and precision [25] renders the
test an unsound, expensive, painful method to guide the
clinical management of women with reproductive failure
[26]. In view of these, endometrial biopsy is no longer
recommended as a diagnostic tool for ovulatory or lu-
teal function evaluation in infertile women and should
only be applicable for women in whom specific endo-
metrial pathology (e.g., neoplasia, chronic endometritis)
is highly suspected [8••, 27].

Serial sonographic examinations can track the sizes of
ovarian follicles throughout the preovulatory phase of the
menstrual cycle, detect the collapse of the dominant follicle
at ovulation, and identify that the collapsed cyst has reac-
cumulated with fluid to become the progesterone producing
corpus luteum cyst (following ovulation) [28]. This can be
burdensome for the patient, and given the relevant cost, this
method is only recommended for women in whom other
methods proved inefficient to elucidate any ovulation-
associated disorder and those undergoing drug-induced
ovarian stimulation [8••].

Thyroid-stimulating hormone and prolactin levels also
should be measured in anovulatory women to identify thy-
roid dysfunction and/or hyperprolactinemia. In women pre-
senting with amenorrhea, serum FSH and estradiol levels
have to be determined so that differentiation between ovar-
ian failure (high FSH, low estradiol) and hypothalamic
amenorrhea (low FSH, low estradiol) is feasible and appro-
priate management approach/counseling is applied.

Having confirmed tubal patency and normality of semen
analysis (discussed below), if infertile, anovulatory women,
who have successfully undergone three to six cycles of
ovulation induction, still fail to conceive, additional diag-
nostic evaluation should be performed or, if evaluation is
over, other treatment options should be considered [8••].

Semen Analysis

Appropriate semen laboratory testing is an integral compo-
nent of the proper evaluation of the couple presenting with
infertility. The assessment of male fertility is based on
examination of a freshly produced ejaculate submitted to
the laboratory within 1 hour of collection, which takes place
after 2 to 7 days of abstinence have elapsed [29]. A semen
volume of 1.5 ml and a sperm count (or sperm concentra-
tion) of more than 15 million sperm per milliliter is consid-
ered normal, according to the World Health Organization.
According to WHO, lower reference limit for total sperm
count (or total sperm number) defined as the total number of
spermatozoa in the entire ejaculate is 39 million per ejacu-
late. With regard to total spermatozoa motility and vitality,
WHO sets a value of 40 % and 58 % live, respectively. A
percentage of morphologically normal forms as high as 4 %
renders the sample normal [30].

Evaluation of Female Reproductive Tract

Cervical Factors

Irregular cervical mucus production or sperm-mucous inter-
action are hardly ever demonstrated as the leading cause of
infertility [8••]. The postcoital test (PCT) is scheduled close
to ovulation and involves examination of active sperm pres-
ence in cervical mucus obtained from the female partner
within hours after sexual intercourse. Despite its long-
standing use in the female infertility evaluation, PCT has
been proved to lack validity as a diagnostic tool for infertil-
ity [31, 32]. Due to its poor to fair reproducibility among
trained observers [33], burden presented to patients and its
insufficiency to predict conception achievement [34], it
rarely affects clinical management and its incorporation in
the routine workup for infertility evaluation is no longer
recommended [8••].

Uterine Cavity

Uterine anatomy is a fairly unusual infertility cause that has
to be ruled out [8••]. Hysterosalpingography (HSG) is
regarded as an effective screening assessment of the internal
uterine cavity architecture and tubal patency but provides no
information regarding ovarian morphology.
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HSG entails the injection of a radio-opaque material into
the cervical canal, usually under fluoroscopy; it is used to
investigate shape and size of the uterine cavity and deter-
mine the presence of any uterine filling defects (endometrial
polyps, adhesions, submucous myomas) or congenital mül-
lerian anomalies (unicornuate, septate, bicornuate uterus),
which can adversely affect fertility.

HSG is reported to have a sensitivity as low as 50 % and
a positive predictive value of 28.6 % for polypoid lesions
[35]. Although the HSG is regarded to be safe, the proce-
dure exposes patients to ionizing radiation and potentially
allergenic contrast media [36•].

Transvaginal sonography (TVS) is considered a sim-
ple and innocuous examination with quite good accura-
cy for the evaluation of the uterine cavity [37–39].
When conventional TVS is not able to ensure uterine
cavity normality or detects an abnormality but is proved
insufficient to define its nature, saline infusion sonohys-
terography (SIS) can be utilized [40, 41].

Sonohysterography uses infusion of sterile saline through
a soft plastic catheter placed in the cervix in conjunction
with transvaginal ultrasound. Sonohysterography has been
shown to have a diagnostic accuracy of 100 % compared
with hysteroscopy, defined as the “gold standard,” for pol-
ypoid lesions (polyps or myomas) and 100 % specificity for
uterine malformations. In diagnosis of intrauterine adhe-
sions, SHG has limited accuracy, similar to that obtained
by HSG, with a high false-positive diagnosis rate [35].

Hysterosalpingo-contrast sonography (HyCoSy) is an ul-
trasound procedure used to assess abnormalities of the uter-
ine cavity, myometrium, and adnexal architecture, as well as
patency of the fallopian tubes before and after transcervical
injection of a noniodine contrast agent. This method has
proven to be a time-efficient, safe, and well-tolerated alter-
native to HSG with comparable accuracy in the assessment
of the uterine cavity and tubal patency [36•, 42•].

Hysteroscopy is the authoritative method for the diagnosis
and treatment of intrauterine abnormalities. However, due to
its high cost and invasiveness, it is advised to be reserved for
supplemental evaluation and treatment of pathology already
determined by the other, less invasive methods [8••].

Tubal Patency

Tubal pathology accounts for 25–35 % of female factor infer-
tility, with more than half of the cases due to pelvic inflam-
matory disease (PID) [43]. A history of ectopic pregnancy,
pelvic PID, endometriosis, or prior pelvic surgery can be
considered as risk factors for tubal factor fertility [44].

Hysterosalpingography (HSG) is the standard first-line
test to evaluate tubal patency and also may be of therapeutic
benefit with higher fecundity rates reported several months
after the procedure [8••, 45]. If HSG indicates patent tubes,

tubal blockage is very unlikely [46]. However, almost 60 %
of patients in whom HSG showed proximal tubal blockage
had been proved to have patent tubes by a second HSG
performed 1 month later or on subsequent laparoscopy [46,
47]. Thus, revelations indicative of proximal tubal blockade
have to be further assessed to rule out testing artifacts due to
transient tubal spasm or poor catheter positioning [8••].
Saline infusion sonography (SIS) also can be used for eval-
uation of tubal patency. However, the test cannot define
unilaterality or bilaterality of patency [8••].

As discussed above, hysterosalpingo-contrast sonography
(HyCoSy) has clinical applicability to tubal patency assess-
ment. A comprehensive meta-analysis involving 1,007 wom-
en who underwent diagnostic imaging for tubal-related
subfertility has revealed a concordance of 83 % between
HyCoSy and HSG when detecting tubal pathology. However,
a 10.3% false occlusion rate and 6.7 % false patency rate were
determined when HyCoSy was compared with laparoscopy
[48]. Overall, increasing evidence supports HyCoSy as an
acceptable screening method for the subfertile patient, com-
bining comprehensive evaluation with methodological sim-
plicity, cost-effectiveness, and time efficiency [36•].

Laparoscopy with chromotubation can determine tubal
patency, detect proximal or distal tubal occlusion, and iden-
tify and rectify tubal-associated pathology, such as fimbrial
phimosis and peritubal adhesions, which can easily slip
when less invasive methods, such as HSG, are used [8••].
However, randomized trials evaluating cost-effectiveness
and timing of diagnostic laparoscopy before ovarian stimu-
lation in females with unexplained infertility are yet to be
conducted. Fluoroscopic/hysteroscopic selective tubal can-
nulation while verifying diagnosis based on HSG or lapa-
roscopy with chromotubation can be used as the initial
method to attempt treatment of tubal obstruction [49].

Some evidence has been reported in support of chlamyd-
ia antibody testing (CAT) as a method to evaluate tubal
pathology presence. Some studies have suggested that chla-
mydia trachomatis IgG antibodies determination is a method
of equal or superior predictive value compared with HSG
for prediction of tubal factor infertility [50–52]. False-
positive results can ensue due to cross-reactivity with C.
pneumoniae, whereas a positive CAT is indicative of a
previous infection but not of a persistent one and cannot
clearly define causality between the infection and any tubal
damage [53]. ASRM practice committee classifies CAT as a
method of limited clinical utility [8••].

Peritoneal Factors

Endometriosis and pelvic or adnexal adhesions often may
interfere with fertility. Several revelations on history/physical
examination, such as dysmenorrhea, pelvic pain or cramping,
dyspareunia, prior pelvic surgery or infection, or ectopic
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pregnancy, can infer peritoneal pathology but cannot ade-
quately justify diagnosis [8••].

Transvaginal ultrasound can be utilized as a display of
pelvic pathology; however, laparoscopy with direct visuali-
zation of the pelvis is the “gold standard” for accurate and
specific detection of peritoneal pathology. Per ASRM Prac-
tice Committee report, laparoscopy is indicated for women
with symptoms or risk factors suggestive of pelvic patholo-
gy or women with an abnormal HSG/ultrasound having no
other indication for undergoing ART [8••, 54, 55]. Diagnos-
tic laparoscopy occasionally can be applicable for young
women who have more than a 3-year period of infertility but
no other pathology has been determined [8••].

Evaluation of Ovarian Reserve

Ovarian reserve alludes to the residual repertory of follicles
left in the ovary at any given time, with respect to number
and quality, providing evidence of pacing along the contin-
uum of reproductive senescence.

Testing for diminished ovarian reserve (DOR) has be-
come an integral part of evaluation of women at increased
risk, such as those who 1) are older than 35 years, 2) have
family history of early menopause, 3) have a solitary ovary
or have undergone ovarian surgery, chemotherapy, or pelvic
radiation therapy, 4) have unexplained infertility, 5) are poor
responders to gonadotropin stimulation, or 6) intend to
undergo treatment with any assisted reproductive technolo-
gy technique [8••].

Because no benchmark for ovarian reserve status, in
terms of quantity and quality, is applicable and proxy vari-
ables of true ovarian reserve (poor ovarian response to
maximal stimulation and nonpregnancy after IVF) are used
for evaluation of available tests, it should become clear that
ovarian reserve tests are better considered as screening tests
and not diagnostic ones; they do not establish diagnosis but
only provide an accurate estimate of ovarian response to
stimulation with exogenous gonadotropins and, to a much
lesser extent, of the likelihood of pregnancy occurrence with
ART [56]. Tests utilized for ovarian reserve assessment are
briefly discussed below.

Day 3 FSH and Estradiol

Substantiation of day 3 FSH as a useful test for ovarian
reserve lies upon the principle that women with good
ovarian reserve can produce adequate amounts of Inhib-
in B early in the menstrual cycle to maintain a low FSH
level, contrary to women with DOR who fail to provide
normal feedback inhibition of pituitary secretion of FSH
and demonstrate high FSH levels early in the cycle [57,
58]. Values less than 10-15 mIU/ml suggest adequate

ovarian reserve. Exact cutoff depends on the particular
laboratory reference standards [59].

Basal estradiol levels alone should not be considered as a
screening method for DOR, but should only be used as an
adjunct to correctly interpret a “normal” basal serum FSH
value [8••], because abnormally high estradiol levels
due to advanced premature follicle recruitment in wom-
en with DOR can inhibit FSH secretion and thus mask
this sign of DOR. When basal FSH is “normal” but estra-
diol is high (>60–80 pg/ml) in the early follicular phase,
some evidence of associated poor ovarian response, higher
cycle cancellation rates, and lower pregnancy rates has
been reported [60–62].

Clomiphene Citrate Challenge Test

Clomiphene citrate challenge test (CCCT) involves FSH
measurement before clomiphene citrate administration (50-
mg tablets, 2 daily) on cycle days 5 through 9 and subse-
quent FSH levels determination on day 10. Administration
of clomiphene citrate stimulates follicular development and
thus estradiol and inhibin B production, which in turn sup-
presses pituitary FSH production. By day 10 of the CCCT,
the FSH levels should be suppressed down to the normal
range (<10 mIU/ml). Elevated FSH concentration after
CCCT is therefore indicative of DOR. Cycle day 10 FSH
determination seems to be more sensitive but less specific
compared with cycle day 3 FSH measurement [63]. It must
be stressed that a normal Clomid challenge test is not
evidential of fertility and it does not prove that ovaries have
normal functioning; it simply fails to prove otherwise [64].
Studies comparing basal FSH and CCCT showed that the
CCCT has hardly any additional value [63, 64].

Antral Follicle Count

Antral follicle count (AFC) is the number of antral follicles in
both ovaries during the early follicular phase (cycle days 2 to 4
of a regular menstrual cycle) determined with transvaginal
ultrasound. Antral follicles are defined as follicles 2-10 mm
or 3-8 mm in mean diameter in the greatest two-dimensional
plane [8••, 65]. An AFC of 4-10 is suggestive of an acceptable
ovarian reserve, whereas a low AFC (3-10 antral follicles)
indicates poor ovarian reserve and serves as a good predictor
of poor response to ovarian stimulation and, to a much lesser
extent, of poor oocyte quality and nonpregnancy [66, 67].

Serum Antimüllerian Hormone

Antimüllerian hormone (AMH) has been acknowledged as
an ovarian reserve marker of emerging clinical significance.
AMH is a member of the large transforming growth factor β
(TGFβ) family of growth and differentiation factors and is
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highly expressed in granulosa cells of preantral and small
antral follicles until they become sensitive to FSH [68].
Being independent of gonadotropin effect, along with being
the earliest marker to change with age and the least to vary
within menstrual cycle, AMH is acclaimed as a useful and
sensitive marker of ovarian follicular primordial pool and
thus ovarian reserve [69•, 70–74]. On the whole, AMH
levels <1 ng/ml have been correlated with poor oocyte
number and quality as well as poor response to IVF in terms
of embryo quality and pregnancy outcomes [8••, 56, 75–78].

Conclusions

A rational, cost-effective evaluation of the female partner in
an infertile couple should include a thorough history and
physical examination combined with the selective use of
specific tests. These include a basic hormonal evaluation
in the follicular phase of the cycle (FSH, estradiol, TSH, and
prolactin) combined with information obtained from the
HSG on the anatomy of the reproductive organs. This initial
evaluation together with a semen analysis may identify the
majority of the reasons for infertility. Additional tests may
be required on an individual basis.
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