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Endometriosis and Inflammation in Infertility
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ABSTRACT: A wealth of publications proposes that endometriosis and inflam-
mation may have an unfavorable influence on fertility. A recent meta-analysis
of assisted reproductive technologies demonstrated that, once confounding fac-
tors are controlled for, the pregnancy rate in women with endometriosis is
approximately 50% of the rate of women with tubal factor infertility. Perito-
neal fluid of women with endometriosis contains elevated amounts of macro-
phages and their secreted products, such as growth factors, cytokines, and
angiogenic factors. Because reproductive organs are bathed in and thus will be
influenced by peritoneal fluid, these proinflammatory mediators would affect
various aspects of reproduction in women with endometriosis. Advanced stages
of endometriosis may have easily understandable factors, such as distortion of
the anatomy, causing infertility. On the other hand, in minimal or mild
endometriosis mechanisms underlying reproductive failure are subtle and
remain controversial. Recent reports suggest that inflammatory factors play a
role in this endometriosis-associated reproductive failure. This review provides
an overview of recent data on the effects of endometriosis-associated
inflammation on fertility.
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INTRODUCTION

Endometriosis is defined by the presence of endometrial tissue (stroma and
glands) outside the uterine cavity. The estimated prevalence of endometriosis in
asymptomatic women is 2–20%, depending on the diagnostic criteria. In women
with pelvic pain, the prevalence ranges from 15 to 45%.1–3 It is estimated that 30 to
71% of infertile women have endometriosis,1–3 and among women with endometri-
osis, 30–50% are infertile.4–6 These data suggest that endometriosis may have an un-
favorable effect on fertility. Indeed, it has been suggested that endometriosis may
affect almost any step of reproduction. Many possibilities have been investigated in-
cluding altered folliculogenesis,7 ovulatory dysfunction,8 reduced preovulatory ste-
roidogenesis of granulosa cells,9 sperm phagocytosis,10 impaired fertilization,11,12
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toxicity against early embryonic development,13,14 defective implantation,15 and
alterations within the oocyte, which, in turn, could result in embryos with decreased
ability to implant.16 These data are mostly controversial, and the causes of
endometriosis-associated infertility remain elusive. So far, in early stages of en-
dometriosis, no causal factor has been proved irrefutably. This may derive from poor
study designs without appropriate control groups, small number of subjects, and
nonstandardized criteria for subject selection.17

Assisted reproductive technologies, especially in vitro fertilization (IVF) and
intracytoplasmic sperm injection (ICSI), have markedly increased our knowledge on
the mechanisms of fertilization and implantation, leading to a better understanding
of fertility defects originating from gametes and early embryonic development. In
this review, we discuss inflammatory factors that may contribute to the
endometriosis-associated infertility based on the recent literature.

Pathogenesis of endometriosis has puzzled researchers for a long time. Despite
the high prevalence of endometriosis and its enormous physical, psychological, and
economic burden, we still do not understand the complete mechanism of its patho-
genesis. Numerous theories of the histogenesis of endometriosis have been pro-
posed, many of them contradictory, reflecting our difficulties in deciphering this
disorder. The most popular hypothesis involves retrograde menstruation into the
peritoneal cavity18 and abnormalities in immune surveillance mechanisms resulting
in implantation and growth of endometriotic tissues.19

Pelvic inflammation in endometriosis may lead to adhesion formation and scar-
ring, disruption of fallopian tube patency, and anatomical distortion of the reproduc-
tive tract. However, infertility is also associated with minimal or mild endometriosis
and therefore requires the identification of other pathophysiological mechanisms.
On the immunological side, the pathophysiology of endometriosis seems to be asso-
ciated with changes in both cellular and humoral immunity. On the one hand, im-
paired natural killer cell activity that results in inadequate removal of refluxed
menstrual debris, and, on the other hand, increased levels of macrophages, secreting
growth factors, and proinflammatory mediators that stimulate cell proliferation are
found in endometriosis.

Endometriosis is associated with a sterile low-grade inflammation in the perito-
neal cavity. Macrophages are known to be the immune cell type found in the greatest
quantity in the peritoneal fluid.20 Peritoneal macrophages from women with
endometriosis also show greater activity, resulting in enhanced phagocytosis and se-
cretion of several soluble substances, for example, proteolytic enzymes, cytokines,
prostaglandins, and growth factors.21,22 Complement components C3 and C4, medi-
ators of host responses to inflammation, are also increased in the peritoneal fluid of
women with endometriosis. These secretory products have been indirectly
implicated as adversely affecting fertility and also stimulating the implantation and
proliferation of endometrial cells.23–25

In a small, randomized, controlled trial in which pentoxifylline, a phospho-
diesterase inhibitor with anti-inflammatory properties, was tested, pregnancy rates
were 31% with treatment and only 18.5% in the placebo group.26 Although this is
only one study and the data are not statistically significant, it supports the hypothesis
that inflammation may be a major culprit of endometriosis-associated infertility. On
the other hand, leukocyte infiltration and cytokines have important roles in human
reproduction. An increase in cytokine levels is associated with menstruation,27
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ovulation, implantation,28,29 and cervical ripening.30 It seems that a timely inflam-
mation that is necessary for many physiological events becomes a pathological one
in endometriosis because of its continuous presence.

EFFECTS OF INFLAMMATORY MEDIATORS OF ENDOMETRIOSIS
ON FOLLICULOGENESIS AND OVULATION

Ovarian function involves complex interactions between different cellular com-
ponents of the ovary, where immune cells act as important modulators.31 As men-
tioned earlier, the number of inflammatory cells and degree of their activation are
increased in the peritoneal fluid of women with endometriosis, and this inflamma-
tion may influence follicular physiology.

In the follicular fluid of women with endometriosis, the level of vascular endo-
thelial growth factor (VEGF) is decreased,32 and the levels of interleukin-1 (IL-1),
IL-6, IL-8, tumor necrosis factor–α (TNF-α), monocyte chemotactic protein–1
(MCP-1), endothelin-1, and several natural killer cells, B lymphocytes, and mono-
cytes are elevated.32–35 Follicular fluid TNF-α levels correlate with poor-quality
oocytes.36 Two groups investigated the question of impairment of follicular devel-
opment and ovulation using transvaginal ultrasonography. In minimal and mild
endometriosis, these groups reported contradictory results.37,38 Anovulation with
subsequent luteinization of the unruptured follicle (LUF) and luteal phase defect
(LPD) has been reported in women with endometriosis.38,39 Others reported
decreased rates of LUF in endometriosis.37,40

Progesterone secretion by rat granulosa cells is inhibited when they are co-
cultured with peritoneal macrophages, and the degree of inhibition correlates with
the number and activation of macrophages.41 Macrophages secrete IL-1 and TNF-α.
These cytokines inhibit gonadotropin-induced progesterone production by granu-
losa cells as well as androgen production by theca cells.42,43 Other studies could not
confirm these findings;44 therefore, it remains unclear whether these factors truly in-
hibit steroidogenesis. A primary dysfunction of steroidogenesis in endometriosis
was proposed by Harlow et al.9 They found significantly lower aromatase activity
and progesterone production in preovulatory granulosa cells obtained from infertile
women with untreated minimal-mild endometriosis. Based on endometrial biopsies
and peripheral hormonal measurements, no difference was found between luteal
phases of infertile women with and without endometriosis.45,46

Our group reported that several cytokines such as MCP-1, IL-8, and growth-
regulated α (Gro-α) that are elevated in the peritoneal fluid of patients with
endometriosis are also elevated in the follicular fluid.47–50 The concentration of
MCP-1 in the follicular fluid increases with advancing stages of endometriosis.
Follicular fluid from women with endometriosis induces more proliferation of
endometrial cells than does follicular fluid from women without endometriosis,51

and it is suggested that these cytokines and growth factors may also impair follicu-
logenesis and ovulation.

Some studies proposed a decreased ovarian reserve associated with increased
gonadotropin requirements in women with endometriosis in increasing stages of
endometriosis,52–54 though it is unclear whether this decline is a consequence of
endometriosis or some part of a sequel of prior surgical interventions.
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All these factors taken together have led to the hypothesis that alterations in the
follicle of women with endometriosis may result in oocytes and consequently in em-
bryos of lesser quality.55 Indeed, more aberrant nuclear and cytoplasmic markers are
identified in embryos from women with endometriosis.56 In addition to a reduced
number of blastomeres and increased in vitro embryo arrest, ultimately reduced im-
plantation and pregnancy rates have been demonstrated.57

EFFECT OF INFLAMMATORY MEDIATORS OF ENDOMETRIOSIS
ON OOCYTE FUNCTION AND QUALITY

Although earlier reports have suggested a functional defect or poor oocyte quality
in women with endometriosis, more recent studies could not confirm this. Studies
among women with endometriosis, mild peritoneal adhesions, unexplained infertil-
ity, and tubal factor undergoing assisted reproductive technologies (ARTs) showed
similar success rates with IVF and GIFT.16,58,59 On the other hand, the artificial sit-
uation of ART in which the peritoneal fluid is diluted and the oocyte is surrounded
by 200,000–500,000 motile spermatozoa might not be a correct setup to study the in
vivo situation.

Saito et al. evaluated the quality of oocytes by examining the granulosa cells sur-
rounding the oocyte, because they could not evaluate the oocyte itself for ethical rea-
sons. Analyzing the incidence of apoptosis, changes in cell cycle (determined by
flow cytometric analysis), and oxidative stress (chosen parameters were 8-hydroxy-
desoxyguanosine60 and 4-hydroxy-2-nonenal61), they proposed that women with en-
dometriosis have a higher apoptotic incidence, more alterations of the cell cycle, and
a higher incidence of oxidative stress than women with infertility caused by other
pathologies such as tubal, male, and idiopathic factors. Patients with more advanced
stages of endometriosis presented a higher apoptotic incidence in their granulosa
cells. In this setup, patients with so-called chocolate cysts had even a higher inci-
dence of apoptosis than women with endometriosis but without endometriomas.62

The reason for these changes in the cell cycle remains unclear, though the authors
propose that elevated inflammatory cytokines such as IL-1, IL-6, IL-8, and IL-10 in
peritoneal fluid of women with endometriosis63–65 can activate several cyclin-
dependent kinase inhibitors in various cells.66–68 However, the precise mechanisms
and the reason why cytokines may adversely affect the cell cycle in granulosa cells
and consequently have pathologic effects on folliculogenesis remain unexplained.
Minguez et al.53 suggested a defect at the level of oocyte activation as a possible
mechanism for the implantation failure associated with endometriosis in couples
treated with ICSI.

EFFECT OF INFLAMMATORY MEDIATORS OF ENDOMETRIOSIS ON
SPERM PHAGOCYTOSIS, SPERM FUNCTION, AND FERTILIZATION

Because the fallopian tubes and ovaries are bathed in the peritoneal fluid, it is
likely that the inflammatory cells and mediators found in that environment may have
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an impact on gametes, fertilization, and early embryogenesis. In natural cycles, en-
dometriosis has been associated with reduced fertilization rates.69 In women with
endometriosis, there is higher activity of peritoneal macrophage phagocytosis of
spermatozoa in vitro than in women without endometriosis.70 This finding was con-
firmed by two other studies. Haney et al.71 reported enhanced intratubal phagocyto-
sis of spermatozoa in women with endometriosis and Martinez-Roman et al.72

proposed that macrophages from infertile women with endometriosis phagocytosed
more spermatozoa than did those from fertile women. Other studies found contradic-
tory results.73,74

For successful fertilization, various sperm functions are imperative. These are
development of hyperactivated motility, capacitation to undergo acrosome reaction,
and binding of spermatozoa to the zona pellucida. These parameters have been in-
vestigated in relation to endometriosis, but the data on the effect of endometriosis on
these sperm functions and fertilization remain controversial. Additionally, the use of
different methods in these studies makes it very difficult to compare even similar
results (use of heat treated vs. non-heat-treated or centrifuged vs. filtered peritoneal
fluid).

In women with or without endometriosis who underwent laparoscopy immediate-
ly after artificial insemination, no difference was found in the recovery of motile
spermatozoa from the peritoneal cavity.75 Other studies showed a decrease in several
sperm motility parameters,76,77 but there are studies that reported no differences in
sperm motility.78,79 Oral et al.80 described a difference in sperm motility and veloc-
ity depending on the stage of endometriosis: a decrease in sperm motility and
velocity was induced by the peritoneal fluid from women with moderate or severe
endometriosis but not by the peritoneal fluid from women with minimal or mild
endometriosis.

Correlation with the severity of the disease was also described for sperm binding
to the zona pellucida in the presence of peritoneal fluid from women with endometri-
osis.81 Qiao et al.82 investigated the effect of human follicular fluid on the zona bind-
ing capacity of spermatozoa in women with endometriosis and found significantly
lower zona binding in spermatozoa incubated in the follicular fluid of women with
endometriosis than spermatozoa incubated in the follicular fluid of women with tu-
bal factor infertility.

Some studies examined the effect of peritoneal fluid on the acrosome reaction.
Although a decrease in the acrosome reaction was reported by Tasdemir et al.83 and
Arumugam,84 no impairment was reported by Bielfeld,78 but both studies involved
a small number of patients. The results of zona-free hamster egg penetration in the
presence of peritoneal fluid are also contradictory: fewer penetrations were found by
some,76,79,85 and no difference was found by Halme and Hall.79 Once again, the
methods in these studies were too different to make a meaningful comparison.

In IVF cycles, some investigators reported reduced fertilization rates in women
with endometriosis9,86,87 but others could not confirm that.59,88 A large retrospec-
tive study of 980 ICSI cycles for male infertility did not report an adverse outcome
in women with endometriosis.53 No difference was found in fertilization rates, im-
plantation rates, and pregnancy rates between the 101 cycles in women with en-
dometriosis and the 879 cycles in women with other infertility factors. This finding
suggests that ICSI may be a useful tool to overcome fertilization defects in women
with endometriosis.
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EFFECT OF INFLAMMATORY MEDIATORS OF ENDOMETRIOSIS
ON EARLY EMBRYONIC DEVELOPMENT

A hostile peritoneal environment to the embryo has been postulated as a cause for
the decreased fertility in endometriosis. Several studies using a murine model
revealed that sera from women with endometriosis impaired early embryo develop-
ment.13,72,89–91 According to Martinez-Roman et al.,72 serum and peritoneal fluid
from infertile women with endometriosis are embryotoxic to two-cell mouse embry-
os. This embryotoxicity was not prominent when serum or peritoneal fluid was taken
from fertile women with endometriosis.

Damewood et al.13 suggested that serum from infertile women with endometrio-
sis is toxic for murine embryo development and Miller et al.92 added that this toxic-
ity correlates with the stage of endometriosis and may decrease after medical
treatment.14 On the other hand, most recent meta-analysis did not confirm that any
medical treatment results in a benefit for fertility in women with endometriosis.93

Others have not been able to confirm this embryotoxicity.74,94 There are many other
studies that show increased aberrant nuclear and cytoplasmic events in embryos,
decreased embryo cleavage rates, increased percentage of arrested development, and
a significant decrease in the number of blastomeres in women with
endometriosis.56,57,95

EFFECT OF INFLAMMATORY MEDIATORS OF ENDOMETRIOSIS
ON ENDOMETRIAL RECEPTIVITY AND IMPLANTATION

Successful implantation requires a functionally normal embryo at the blastocyst
stage and a receptive endometrium. This cross-talk is highly regulated and may be
disturbed by intrinsic deficiencies within the uterus, extrinsic cofactors such as peri-
toneal fluid, or the embryos themselves. Cytokines and chemokines produced and
received by the endometrial epithelium and the human blastocyst are implicated in
this molecular network.96 This complex system seems to be hampered in women
with endometriosis.

Implantation occurs between days 6 and 7 after ovulation, within the so-called
“implantation window.” During the apposition of the embryo, the dialogue with the
endometrium is mediated by soluble mediators produced and received in a bidirec-
tional fashion. In the adhesion phase, a direct contact is required and seems to be me-
diated by membrane-bound factors. In the invasion phase, the blastocyst traverses
the basement membrane and reaches the uterine vessels. The endometrial epithelium
is a key element where molecular interactions between embryo and endometrium
seem to be initiated and where chemokines are produced and secreted.97

Dominquez et al.98 presented data that illustrate the activity of chemokines and
their receptors at the blastocyst–endometrial interface, suggesting a biological rele-
vance of chemokines in the implantation process. They hypothesized the existence
of two separate chemokine programs: the “maternal program” that initiates the men-
strual cycle and consists of a prostaglandin-driven upregulation of endometrial
chemokines and their receptors with increasing amounts between the early and late
luteal phases (IL-8 and MCP-1) and in the midluteal phase (SDF-1). The “embryonic
program” is suggested by the increase in the number of cells expressing polarized
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chemokine receptors when a human blastocyst is present. Therefore, chemokines or
other molecules secreted locally by the human blastocyst at the apposition phase
may act as a signal for receptor polarization/dimerization and a sensor mechanism
for increasing local cell responsiveness in the activation of endometrial adhesion
molecules.98

Leukocyte trafficking is crucial in endometrial physiology. Several authors have
provided convincing evidence that in endometriosis the expression and activation of
chemoattractant cytokines (chemokines) are altered. Our group has reported that the
chemokines MCP-1 and IL-8 are significantly elevated in the peritoneal fluid of
women with endometriosis. We speculate that the disturbance in the delicate cross-
talk between embryo and endometrium may impair embryo implantation in women
with endometriosis.

Pinopods are another morphological marker of uterine receptivity during the win-
dow of implantation. Pinopods are sacular formations at the apical part of the epi-
thelial cells and are believed to be important for water and solute transport across the
epithelium and for embryonic attachment. Endometrial epithelial cells lose their mi-
crovilli and develop these structures, which appear on day 20 of the menstrual cycle
and last for 24–48 h, after which they regress. Their numbers positively correlate
with implantation sites.99 Scanning electron microscopy demonstrates that 78% of
endometrial biopsies obtained from normal cycling women on postovulatory day 6
have pinopods compared with rare pinopods on postovulatory days 2 or 9.100,101

Garcia-Velasco et al.102 in a prospective study evaluated pinopode formation in
women with and without endometriosis who underwent oocyte donation, and they
could not find a difference between the two groups.

Overall, controversy remains on the effect of endometriosis and pregnancy rates.
This is partly because of different study designs: mostly retrospective analysis of
data, improper control group selection, and small sample sizes that make it difficult
to extract valid conclusions from these studies. Authors who claimed that endometri-
osis affects implantation and pregnancy rates have proposed a defective endometrial
environment and/or poor quality embryos as reasons.88,95,103–107 On the other hand,
other groups could not confirm that endometriosis affected the implantation and
pregnancy rates.16,59,108–110

Giudice et al.111 reviewed the molecular basis for implantation failure in en-
dometriosis in a comprehensive work. Using microarray technology, they and other re-
searchers could show that various genes are aberrantly expressed during the window
of implantation and at other times of the cycle in women with versus those without en-
dometriosis. These include integrins (e.g., αvβ3), matrix metalloproteinases (e.g.,
MMP-7 and -11), transcription factors (e.g., hepatocyte nuclear factor), endometrial
bleeding factor (ebaf), enzymes involved in steroid hormone metabolism (e.g., aro-
matase, 17β-hydroxysteroid dehydrogenase), leukemia inhibitory factor (LIF), Hox
genes, and progesterone receptor isoforms. Based on data from Giudice et al., it is sug-
gested that in women with endometriosis there is downregulation of gene expression
for some proteins. These observations are consistent with reports on women with en-
dometriosis failing to respond to progestins, possibly resulting from an insensitivity to
progesterone112 via altered progesterone receptor isoforms113 or from modification of
progesterone action by cytokines or other factors.

Lessey et al.114,115 studied different endometrial integrins and reported that α1β1,
α4β1, and αvβ3

 integrin chain are coexpressed only during the implantation window.
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By studying the regulation of the αvβ3 integrin, which appears at the opening of the
window of implantation,116 and its extracellular matrix ligand, osteopontin, they de-
fined two separate regulatory pathways that may regulate endometrial receptivity.
The authors believe that the former is a paracrine-mediated signal (stimulated by
EGF or heparin-binding EGF), whereas the latter is a direct effect of progesterone
on the estrogen-primed endometrial epithelium. The apical surface of the luminal
epithelium expresses the αvβ3 integrin117 and localizes to the pinopods.118 This lo-
calization to the apical pole of the luminal epithelium suggests a role for this integrin
in the initial embryo–endometrial interaction.119 In women with endometriosis, it
appears that αvβ3 expression is reduced, whereas osteopontin expression is unaffect-
ed. Lessey et al.120 found a defective expression of αvβ3

 in endometrial biopsies of
women even with mild endometriosis.

Lessey et al. reported that two biomarkers of uterine receptivity (LIF and αvβ3)
were specifically disrupted by peritoneal fluid of women with endometriosis, sug-
gesting that a direct effect is exerted on the endometrium by inflammatory factors
contained in the peritoneal fluid of women with endometriosis.115 This adds to the
notion that endometrium from women with endometriosis may be dysfunctional and
therefore may contribute to the reduction in cycle fecundity. Other authors did not
confirm these results.121,122

An interesting clinical trial was performed by Lessey et al., who reported an im-
provement of fertility and a return of normal αvβ3

 levels after treating women with en-
dometriosis with GnRH analogs and laser ablation of implants.123 The alteration in the
expression pattern of integrins is still unexplained. It is unknown whether the alteration
occurs before the development of endometriosis or as a result of the endometriosis.

Matrix metalloproteinases are enzymes that degrade extracellular matrix compo-
nents. MMP-7 and MMP-11 are normally expressed in the endometrium during
menstrual breakdown and subsequent estrogen-mediated endometrial growth and
are suppressed by progesterone during the secretory phase.124 In women with
endometriosis, there appears to be a resistance to the progesterone action.114,125

Osteen et al.124 showed that there is a persistent expression of these two MMPs dur-
ing the secretory phase, likely caused by complex interactions between progesterone
and local cytokines in endometriosis. It is unknown whether there is an aberrant
expression of these enzymes during the implantation window, which may influence
implantation.

Endometrial bleeding factor (ebaf) is downregulated during the window of im-
plantation. It is a marker for uterine nonreceptivity and is abundantly expressed dur-
ing the window of implantation in women with endometriosis and infertility.126

Aromatase expression is also different in the endometrium of women with en-
dometriosis. Endometrium of healthy women does not express aromatase, whereas
eutopic and ectopic endometrium of women with endometriosis has significant
aromatase activity.127 Aromatase catalyses conversion of androgens (such as test-
osterone and androstendione) to estrogens (such as estradiol and estrone) and there-
fore stimulates the local estradiol production. Regulation of aromatase expression
occurs via COUP-TF, an inhibitory transcription factor, which is expressed in both
healthy endometrium and endometriosis127 and by SF-1 (a stimulatory transcription
factor), which is expressed only in endometriosis and has a greater affinity for aro-
matase promoter than COUP-TF. Thus, in endometriotic tissue SF-1 induces in-
creased aromatase activity and increased conversion of androgens to estrogens.127
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Additionally, endometrium of women with endometriosis has a lower activity of
17β-hydroxysteroid dehydrogenase-2, which inactivates estradiol in healthy
endometrium. This lower activity leads to increased local concentrations of estradiol
in endometriosis.128 Estradiol stimulates prostaglandin E2 production, which further
stimulates activity of aromatase129 and local inflammation. With these differences,
cytokine expression and regulation may also be different in the endometrium of
women with endometriosis.130–132

LIF acts on human cytotrophoblasts, stimulating them to differentiate toward an
anchoring phenotype133,134 and thus may play a role in implantation. Lessey et
al.135 found that mice treated with peritoneal fluid from infertile women with en-
dometriosis had decreased fertility and reduced endometrial LIF expression. Wheth-
er and how the peritoneal fluid of women with endometriosis may influence LIF
expression in humans is not known yet.

Homeobox genes mediate embryonic development. HOXA-10 and HOXA-11 are
upregulated in the window of implantation in the human endometrium and both fail
to upregulate during the window of implantation in women with endometriosis.136

The development of ART provided us a tool to study the components involved in
implantation separately. In one study involving women with endometriosis undergo-
ing donor sperm insemination, pregnancy rates were up to 20%, a rate compatible
with that of infertile women of other causes.137 On the other hand, in another con-
trolled prospective study, women with endometriosis had significantly lower preg-
nancy rates than those without endometriosis.138

Oocyte donation programs allowed us to better understand whether the
endometrium or the oocyte or both are affected in endometriosis. An early study
compared oocyte donors with endometriosis to oocyte recipients with endometrio-
sis. Reduced pregnancy and implantation rates were observed when oocytes came
from donors with endometriosis, but normal rates were seen when the recipients had
endometriosis.16 In a more recent study, oocytes from healthy donors were split in
the same cycle and “sibling” oocytes were given to different recipients with or with-
out endometriosis.139 Recipients in this study had stage III–IV endometriosis, and
they had the same implantation rates as controls. These data were confirmed by
another study in which women received fresh donor oocytes because of a low
response in their previous IVF cycles. In the donor oocyte cycle, women with
endometriosis had a similar pregnancy rate as other women without endometriosis
but with premature ovarian failure or menopause.140

In a retrospective analysis of oocyte recipients with or without endometriosis, no
negative effect on pregnancy or implantation rates (even when subdivided by the
stage of endometriosis) was identified; therefore, a negative effect of endometriosis
on the oocyte or embryo quality was claimed to be more likely.141 These findings are
supported by a retrospective study in which patients with endometriosis were found
to have an increased percentage of arrested embryo development and a significantly
decreased number of blastomeres after 72 hours in culture compared with embryos
obtained from women with tubal factor.57

In summary, these data suggest that endometriosis may affect the oocyte/embryo
and not the endometrium, because the implantation rates are similar to those of
women without endometriosis when oocytes are donated by healthy women.
Although it may not be appropriate to compare natural cycles with IVF cycles, where
hormone levels are elevated, we would speculate that subtle impairments in the en-

 

 

 



309HALIS & ARICI: ENDOMETRIOSIS AND INFLAMMATION IN INFERTILITY

dometrial receptivity that may be relevant in natural cycles may be overcome by
supraphysiologic hormone levels.

EFFECT OF INFLAMMATORY MEDIATORS OF ENDOMETRIOSIS
ON PREGNANCY/OBSTETRIC OUTCOME

According to the Society for Assisted Reproductive Technology database, live
birth rates for women undergoing IVF in 1999 were not different among women with
endometriosis (28.5%), unexplained fertility (27.6%), or tubal factor infertility
(26.8%).142

In a matched case–control study, a group of 137 women with endometriosis who
underwent IVF were matched to a control group who underwent IVF for reasons oth-
er than endometriosis. No statistically significant differences in pregnancy outcome
measures were found between women affected by endometriosis and their matched
controls. The mean gestational age at delivery, cesarean delivery rate, the mean birth
weight (3,600 ± 542 control group vs. 3,547 ± 456 study group), placental weight,
and Apgar scores were not significantly different. Interestingly, women with en-
dometriosis had an equal number of previous pregnancy terminations, although they
are more often considered to be infertile.143

These findings may be useful for counseling patients with endometriosis. Patients
with a long medical history of endometriosis may be more apprehensive, which may
result in excessive fetal monitoring and unnecessary interference even in uncompli-
cated pregnancies. The data suggest that there is no need for increased fetal surveil-
lance in women with endometriosis.

CONCLUSIONS

Although the data are contradictory, endometriosis and associated inflammation
may have an unfavorable impact on fertility. Endometriosis is a heterogeneous dis-
ease, and reproductive defects that it may cause may also be heterogeneous. Howev-
er, inflammation seems to be one of the major culprits of impaired fertility in women
with endometriosis. Factors that seem to be affected by endometriosis are oocyte
maturation and quality, resulting in lower quality embryos that may have a decreased
ability to implant in an already altered endometrium by a proinflammatory environ-
ment. Results from IVF and oocyte-donation programs suggest that fertility rates are
very good if one gets good-quality oocytes.
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