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Potential Etiologies of Unexplained
infertility in Females

Daniela Galliano and Antonio Pellicer

introduction

Infertility is defined as a failure to conceive after an interval
of approximately 12 months of regular and unprotected in-
tercourse [ 11, An estimated 4-17 % of couples seek medical
treatment to resolve their infertility, but it is generally ac-
cepted that there are more cases unreported [2]. Therefore,
infertility remains both prevalent and problematic among
couples worldwide [3].

Unexplained infertility (Ul) is said to be unexplained
when a couple fails to conceive after 12 months of regu-
lar and unprotected intercourse and in the absence of any
identified abnormalities with an incidence of approximately
15-30% [1, 4, 3]. This incidence may vary depending on
the population studied and the criteria used to make the di-
agnosis. Ul has no identified pathophysiologic basis and, as
such, is a diagnosis of exclusion that should be made after a
thorough but time-effictent investigation of the couple is per-
formed, [6] including a semen analysis, assessment of ovu-
lation, evaluation of tubal patency by hysterosalpingogram
(HSG), or laparoscopy (LPS) [7] and, if indicated, tests for
ovarian reserve,

Ul may be a multifactorial disorder of reproduction [8]
and if so, it is unlikely that all the etiologies involved could
be diagnosed even after a meticulous evaluation [9], with
many suspected etiologies without definitive diagnostic
methods or criteria. However, significant improvements in
diagnostic tools and assisted reproductive technology (ART)
treatments have led to the finding of many causes of infertil-
ity that in the past have only been suspected, but now are
well known. Poor embryo development and quality may be
identified in the ART lab or if further testing is performed,
chromosomal aneuploidies may be revealed by preimplanta-
tion genetic screening (PGS).
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On these grounds, the validity of the term “unexplained
infertility” has been doubted by some authors and they pro-
pose to substitute the term “unexplained” with “undiag-
nosed” [10], since Ul seems to be sensitive to the number
and quality of the tests performed. Indeed, data from a study
by Taylor and Collins showed that the percentage of couple
with Ul decreases as the number of diagnostic tests increas-
es, from 22% in studies published prior to 1960 to 14% in
studies published after 1980 [11]. Additionally, the differ-
ence in diagnosis may be related to the duration of infertility
prior to seeking treatment (which may have been longer in
the earlier studies as there was little intervention possible),
and just on the number of diagnostic tests used.

Nonetheless, despite improvements in the diagnosis and
treatment of reproductive disorders, at the present time many
couples still have no explanation for their infertility [12], as
posed by Southam in 1960 [13].

Ul should not be regarded as a permanent condition but
rather a relative incapacity to conceive, and as such, it would
be better considered as subfertility {11, since time may lead
these couples to achieve pregnancy without treatment. In
fact, it has been estimated that approximately 40-60% of
couples with U1 will spontaneously conceive within 3 years
i 14], with the duration of infertility and the age of the female
partner being the most important prognostic factors [15].
Furthermore, the outcomes of ART treatment for idiopathic
infertility are promising [6-8, 16].

Possible Etiologies of Ul in Females

As far as is known and after a thorough evaluation, the eti-
ologies below appear to be potential causes of U1, These
include ovarian, tuboperitoneal, uterine, and embryonic
factors (Fig. 13.1),
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Fig. 13.7 Paossiblc etiologies of Ul in females: abnormal ovarian folliculogenesis, ovulatory dysfuaction, tuboperitoneal disorders, impaired
fertilization, abrormal embrye development, abnormal endometrial receptivity, and altered sperm transport due to impaired uterine peristalsis

Abnormal Ovarian Folliculogenesis

UI can occur, even in the presence of regular menstrual cy-
cles, as a result of diminished ovarian reserve, defined as a
reduced quantity and quality of the remaining population of
primordial follicles within the ovary than would be expected
for a given chronological age. Even though chronological
age is the most important determinant of ovarian reserve,
evidence has shown great variability in the rate of ovarian
ageing [17]. Therefore, women with prematurely ageing
ovaries (PAQ) [18] may be mistakenly diagnosed with Ul,
since nobody would expect such fertility decline be based on
their age alone,

In this setting, female fertility loss may be assessed by
tests of ovarian reserve, such as day 3 serum follicle stimu-
lating hormone (FSH), anti-Miillerian hornmone (AMH) fev-
els, and antral follicle count (AFC) [19]. FSH and AMH do
not measure the same ovarian reserve parameters. Indeed,
FSH is mostly representative of the last 2 weeks of follicular
maturation when follicles come to be gonadotropin-sensitive
[20], while AMH, exclusively produced by the granulosa
cells of early antral and preantral follicles, mainly reflects
the earlier stages of folliculogenesis [21, 22, 23]. AFC, vi-
sualized by transvaginal ultrasound, is considered the best
predictor of ovarian response to stimulation {24], since it

correlates with the number of oocytes retrieved and ART
outcomes in terms of ongoeing pregnancy [25, 26].

In this context, ovarian reserve testing and genetic screen-
ing could be of great importance, especially in women <35
years old, to reveal cytogenetic abnormalities, as in the case
of the Fragile X syndrome (FXS), that is caused by an in-
creased number of trinucleotide (CGG) repeats on the fragile
X (FMR1) gene and linked to premature ovarian failure [27].

Such genetic and ovarian reserve screening may help
women potentially have some knowledge about the duration
of their own reproductive window and help clinicians coun-
sel patients and direct them to an appropriate treatment op-
tion, which in some cases may include gamete donation [19].

Ovulatory Dysfunction

Several abnormalities of ovulation can occur at the gonadal
level, such as rupture of the follicle without refease ofthe oo-
cyte, maturation of an empty follicle that does not contain an
oocyte, ovulation with inadequate luteinization, incomplete
matyration of a follicle resulting in atresia, and finally lutein-
ization of a follicle, under the action of luteinnizing hormone
(LH)}, without its rupture and with entrapment of the oocyte,
which is also called the luteinized unruptured follicle (LUF)
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syndrome [28]. This ovulatory dysfunction is considered as a
potential cause of female UI {29, 30] and has been linked to
endometriosis and pelvic adhesions [31]. Many pubtications
have appeared since 1978 to describe this syndrome, but the
exact mechanism by which the ovulatory follicle fails to rup-
ture is not clearly known. Different mechanisms have been
suggested for this syndrome, such as a chronic follicular
inflammatory-like reaction involving inhibition of synthesis
of prostaglandins [32], luteal phase defect [33] or a primary
granulosa cell defect [34].

LUF is characterized by normal endocrine signs of ovula-
tion, such as secretory endometrium, normal production of
progesterone, and duration of the luteal phase [20], and is
usually diagnosed by ultrasound demonstration of a follicle
that does not change in size or consistency after ovulation
should have occurred {35]. LUF has been demonstrated in
both spontaneous and stimulated cycles [36] and it is esti-
mated to be present in 6-12% of cases of female subfer-
tility and in 20-25% of cases when ovarian stimulation is
used [37], but the incidence varies depending on the methods
of diagnosis such as LPS or ultrasound or steroid hormone
concentrations in peritoneal fluid [38]. Qublan et al. found
the recurrence rate of LUF increased from 25% in the first
cycle of intrauterine insemination (IU) to 78 and 90 % in the
second and third cycle, respectively [25]. These data are con-
sistent with those reported by others [23-26], but in contrast
to previous studies in which LUF was associated with no
recurrence rate in subsequent cycles {39, 407,

Tuboperitoneal Disorders

It has been shown that mild endometriosis can affect normal
tubal function, as well as other reproductive processes and
since this diagnosis is clinically frequently missed, it may
represent a possible etiology of UL For this reason, diagnos-
tic LPS could be considered as an integral part of the evalu-
ation, and the role of tubal function, not just patency should
not be underestimated [41].

The prevalence of endometriosis among women who un-
derwent LPS for an infertility evaluation has been reported
to be in the range of 10 {10]-50% [42]. Even if performed
by experienced laparoscopists, the diagnosis of subtle endo-
metriosis can be hard to make because the disease is often
microscopic and presents with atypical lesions [43, 44], and
as such may be underdiagnosed.

Evidence shows that endometriosis may also affect IVF
outcomes {43, 46] interfering with many aspects of the pro-
cess, including follicular development, ococyte retrieval,
fertilization and embryo development [47, 48], distortion
of adnexal anatomy and creating an adverse peritoneal envi-
ronment characterized by increased inflammatory cytokines,
oxidative stress [22, 49, 50, 51], and augmented number of

peritoneal fluid macrophages {$2-34]. If endometriosis does
S0 i1 vitro, it can be expected to have similar effects in vivo
leading to impaired conception [3], Studies have demonstrat-
ed that, even in mild cases of endometriosis, pregnancy out-
comes may have been affected by subtle tubal abnormalities
[55, 56], thus reflecting microscopic endometriosis in the
fallopian tubes, which can never be totally excluded, even by
LPS [19-20]. Furthermore, data on patients undergoing LPS
for infertility indicate that of those who have no macroscopic
endometriosis at LPS, at least 6% have microscopic lesions
[57, 58] and thus confirms how this diagnosis, especially in
patients with infertility may be underestimated [59].

The fallopian tubes play an important role in sperm trans-
port, cocyte capture and transport, fertilization, and early
embryo development [60]. Abnormalities in any one of these
functions cause defective transport of the oocyte and im-
paired fertilization, through alterations in tubal peristaltic or
ciliary activity [61], which may affect one or both fallopian
tubes.

Tubal function can be abnormal despite documentation of
tubal patency [62, 63], but HSG has limited value in evalu-
ating tubal function and peritubal disease {64, 65] and may
be less accurate in detecting tubal disease than LPS [66,
67]. Moreover, a study performed in an infertile population
showed that HSG missed at least one tubal abnormality in
84% of the cases [68]. Despite all these limitations, HSG
represents the first line tool to evaluate tubal status, because
of its safety and low cost, LPS remains the gold standard for
the evaluation of mechanical factors affecting the fallopian
tubes, but it can miss proximal disease [65] and cannot be
used to directly observe the ampulla, where the fertilization
between oocyte and sperm occurs. This may be explored by
salpingoscopy. Some researchers think that salpingoscopy
could be informative in patients with UL, since it can identify
nonobstructive tubal diseases such as fibrosis, adhesions, de-
bris, and foreign bodies [69].

Furthermore, the impact of chlamydial infection in the
etiology of tubal pathology secondary to salpingitis [70-72]
on female fertility is well documented. Although neither
HSG or LPS may identify tubal pathology secondary to chla-
mydial infections in the absence of overt occlusion or perit-
ubal adhesions, subfertile women with a positive Chlamydia
trachomatis antibody have lower chances for pregnancy than
seronegative women [73]. This evidence confirms the valid-
ity of assessment for chlamydial serology in women under
fertility investigation [74, 75].

impaired Fertilization
A decrease in fertilization has been documented in IVF cy-

cles performed in couple with U1, suggesting gamete defects
as potential causes of U1,
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Absence of fertilization has been shown in a prospective
study from Ruiz etal. [76], in couples with Ul and mild endo-
metriosis undergoing 1VF/ICSI after four failed intrauterine
insemination cycles. It has been found that 11.4% of these
couples suffered fertilization failure with standard 1VF. and
if ICS1 would not have been employed, they might have had
1o embryos available for transfer. In this study, ICST did not
increase fertilization rates over standard 1VF in case of U,
but avoided complete fertilization failure in those patients.

Alboughar et al. [77] reached similar conclusions with
regards to gamete dysfunction in couples with Ui, in which
the rate of fertilization failure was 22.7%, very similar to
those observed in other studies in couples with Ul {78, 79).

Abnormal Embryo Development

The use of assisted reproductive techniques has been im-
portant not only for therapeutic reasons, but also because it
helps to understand the complex process that leads to con-
ception in a given couple. Indeed, it is noteworthy that there
is a high incidence of chromosomal abnormalities in human
embryos cultured in vitro [80] and that many repetitive im-
plantation failure (RIF) cases are due to embryenic defects,
including chromosomal aneuploidy, which increase with
maternal age {81] and with the number of previous failed
IVF cycles [82, 83]. Different therapeutic options have been
proposed to improve the outcome of these patients, includ-
ing assisted zona hatching [84] and coculturing embryos to
the blastocyst stage [85]. However, other studies have found
dramatic declines in implantation and pregnancy rates using
blastocyst culture in RIF patients due to the limited develop-
mentt of these embryos in extended culture [86).

In a randomized controlled trial of infertile couples with
RIF and prior transfers of good-quality embryos, Rubio et al.
reported a trend towards an increased incidence of genetic
abnormalities in embryos from these couples and an im-
provement in Hve-birth rates per transfer by selection of the
healthiest embryos with PGS, highlighting the mechanisms
of action by which chromosomal abnormalities can have an
impact on Ul

Abnormal Endometrial Receptivity

An altered endometrial receptivity may interfere with appo-
sition, adhesion, or penetration of the embryo and results in
a failed implantation [87].

Since the 1950s, traditional histologic evaluation of the
endometrium performed by pathologists, has been used as a
predictor of endometrial receptivity [88, 89], the clinical rel-
evance and reproducibility of which has been questioned in
randomized studies [90, 91]. The development of microarray

technology [92] helped to analyze the expression of thou-
sands of genes at the same time in an endometrial sample
of development in the peri-implantation period. On those
grounds, and consistent with the findings that endometrial
receplivity may be related to its transcriptomic profile, mo-
lecular assessment of endometrial receptivity has been de-
veloped [93, 94], a molecular diagnostic tool that contains
238 expressed genes coupled to a computational predictor,
which is able to identify endometrial samples within the win-
dow of implantation, independent of their histological ap-
pearance. The endometrial receptivity array (ERA) test may
help to identify patients with implantation failure caused by a
nonreceptive endometrium, improving the ahility to control
the endometrial environment for implantation. Moreover,
an endometrial database (EDB) (http://www.endometrialda-
tabase.com) has been created to facilitate the exchange of
information on the genomics of endometrial receptivity, for
the improvement of knowledge in this field worldwide [95).

Ul may reflect a malfunction of the endometrial-embryo
“dialogue” in the earty phases of implantation that leads to
early pregnancy loss (EPL), or biochemical pregnancy (BP)
which could be erroneously interpreted as a failure to con-
ceive. EPL or BP are defined as increases in beta-human cho-
rionic gonadotropin (B-hCG) at the end of the futeal phase
due to embryonic implantation that does not resuit in a clini-
cal pregnancy. The development of sensitive immunoassays
for the detection of urinary B-hCG has allowed for detection
of a pregnancy within a few days of embryo implantation,
which shows high rates of BP in spontaneous conception
[96]. Moreover, data from patients who have undergone ART
and PGS show that many preclinical implantation failures are
due to chromosomal alterations and are found in high rates in
natural (25%) [97] and ART conceptions (40%) [98]. Chro-
mosomal aberrations are probably not the only cause of EPL.,
Indeed, an altered endometrial receptivity due to environ-
mental factors, such as age and excessive ovarian stimulation
in IVF cycles, may also play an important role in the etiolo-
gies of this disorder, as shown by Troncoso et al. [99].

Altered Sperm Transport due to Impaired Uterine
Peristalsis

Therte is clear evidence that sperm transport through the fe-
male genital tract from the cervix into the tubes, assisted by
cervico-fundal uterine peristaltic contractions [100, 101}, is
altered in patients with Ul and endometriosis which results
in impaired uterine contractility, documented by hysterosal-
pingoscintigraphy (HSSG) [102]. Data have shown that en-
dometriosis is associated with uterine hyperperistalsis and
dysperistalsis, which may cause impaired or total fzilure in
sperm transport capacity respectively, especially when dif-
fuse adenomyosis is also detected [103]. Dysperistalsis is
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associated with reduced natural conception rates {104, 105]
and consequently IVF/ICSI may be required even in couples
with otherwise patent fallopian tubes and normal semen pa-
rameters.

Conclusions

infertility is unexplained after thorough evaluation in about
15-30% of cases and constitutes a multifactorial disorder of
reproduction, as discussed in this chapter. Many potential
eticlogies of UTI have been proposed here, including ovarian
factors, fertilization failure, failure of the embryo to develop,
failure of implantation and impaired or total failure in cocyte
and sperm transport due to altered tubal and uterine function.

Increasingly, complex ART options have led to the find-
ing of many causes of infertility that in the past have only
been suspected, but can now be diagnosed, as in the case of
chromosomal aneuploidies identified with PGS. However,
multiple potential etiologies of UT could coexist with identi-
fied causes for infertility and therefore many couples with
identified factors may fail to conceive despite receiving ap-
propriate treatment for the identified causes. It is, therefore,
imperative to perform a complete and thorough evaluation
of the infertile couple, including evaluation for these subtle
etiologies, even in couples whose infertility evaluation has
revealed a potential etiology.
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