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Abbreviations

ART Assisted reproductive technique
COH Controlled ovarian hyperstimulation
COS Controlled ovarian stimulation
COX-2–PGE2 Cyclooxygenase-2 prostaglandin-2
FF Follicular fluid
GM-CSF Granulocyte macrophage-colony stimula-

tor factor
GPx Glutathione peroxidase
GR Glutathione reductase
ICSI Intracytoplasmatic sperm injection
IFN-α Interferon-α
IL-1 Interleukin-1
IL-12 Interleukin-12
IL-2 Interleukin-2
IL-4 Interleukin-4
IL-6 Interleukin-6
IL-8 Interleukin-8
IVF In vitro fertilization
LPO Lipid peroxidation
MCP-1 Monocyte chemotactic protein-1
MCs Mast cells
MMPs Matrix metalloproteinases
NK Natural Killer
NO Nitric oxide
OFF Ovarian follicular fluid
OS Oxidative stress
PCR Polymerase chain reaction
PDGF Platelet-derived growth factor
PF Peritoneal fluid
PG Prostaglandin
PP Peripheral plasma
ROL Retinol
ROS Reactive oxygen species
SOD Superoxide dismutase
SOD1 Superoxide dismutase 1
TAC Total antioxidant capacity
TEM Transmission electron microscopy
TGF-β Transforming growth factor-β
TNF-α Tumor necrosis factor-α
VEGF Vascular endothelial growth factor 3

17.1  Introduction

Endometriosis is an inflammatory disease affecting till the 
10% of reproductive-aged women, linked to infertility in 
almost half of the patients. Unfortunately, the pathogenesis 
of endometriosis and its associated infertility is unknown, 
even if there are some theories [1].

Literature demonstrated that patients suffering endome-
triosis have genetic, biochemical, or immunological dys-
function that prevents the removal of the tissue from the 
peritoneal cavity and rather facilitates tissue adhesion to 
peritoneal structures [2].

The dysfunctional immune system of patient with endome-
triosis generally have dysregulated a multitude of immune cell 
types, including neutrophils, macrophages, dendritic cells, 
natural killer cells, T helper cells, and B cells [3] (Fig. 17.1).

A part the oxidative stress and oocyte quality, as possible 
ethiopathogenic mechanisms for endometriosis (Fig. 17.2), 
the cytokines and the chemokines involved in inflammation 
process, angiogenesis, and tissue growth are increased in the 
plasma and peritoneal fluid (PF) of women with endometrio-
sis. This process is suspected to stimulate symptoms com-
monly presented including pain and infertility [4].

Statistical reports showed that 35–50% patients affected 
by endometriosis experienced infertility and 25–50% of 
infertile women have endometriosis [5].

If in healthy couples the monthly fecundity rate, which is 
a couple’s probability of conceiving in 1 month, is 15–20%, 
on the contrary, women with endometriosis have a monthly 
fecundity rate of 2–10% [6].

Endometriosis is a heritable condition influenced by mul-
tiple genetic and environmental factors, with an overall heri-
tability estimated at approximately 50%. Authors investigated 
whether single nucleotide polymorphisms (SNPs) rs7521902, 
rs10859871, and rs11031006 mapping to WNT4, VEZT, and 
FSHB genetic loci, respectively, are associated with risk for 
endometriosis in a Greek population. Genotyping of the 
rs7521902, rs10859871, and rs11031006 SNPs was per-
formed with Taqman primer/probe sets. A significant asso-
ciation was detected with the AC genotype of rs7521902 
(WNT4) in patients with stage III and IV disease only. 
Evidence for association with endometriosis was also found 
for the AC genotype of the rs10859871 of VEZT. Notably, a 
significant difference in the distribution of the AG genotype 
and the minor allele A of FSHB rs11031006 SNP was found 
between the patients with endometriosis and controls. They 
found a genetic association between rs11031006 (FSHB) 
SNP and endometriosis. WNT4 and VEZT genes constitute 
the most consistently associated genes with endometriosis. 
In the present study, an association of rs7521902 (WNT4) 
and rs10859871 (VEZT) was confirmed in women with 
endometriosis at the genotypic but not the allelic level [7].

17.1.1  Infertility and Endometriosis

Almost 50% of adolescents with intractable dysmenorrhea 
or pelvic pain are diagnosed with endometriosis, but it is not 
yet clear why only certain women develop the condition.

A. Tinelli et al.
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The monthly fecundity rate in normal couples of reproduc-
tive age is known to be 15–20%, whereas the rate in infertile 
women with endometriosis ranges from 2 to 10% [8].

A meta-analysis proposed that the chance of achieving 
pregnancy was lower for patients with endometriosis com-
pared to those with tubal factor infertility (OR 0.56; 95% CI, 
0.44–0.70) [9].

However, the association between infertility and early- 
stage disease, from minimal endometriosis [stage I] and mild 
endometriosis [stage II], according to the ASRM score 
(Fig.  17.3), in which no substantial pelvic anatomical 
changes are identified, remains controversial [10].

The improvement of Controlled Ovarian Hyperstimulation 
(COH) with GnRH-a downregulation and the application of 
ICSI technology may suppress some negative influences of 
endometriosis on pregnancy [11, 12].

Dong et al. investigated the impact of endometriosis on 
the IVF/ICSI outcomes, comparing ovarian stimulation 
parameters and IVF/ICSI outcomes. Patients with stage I-II 
and stage III-IV endometriosis required higher dosage and 
longer duration of gonadotropins, but had lower day 3 high- 
quality embryos rate, when compared to patients with tubal 
infertility. In addition, the number of oocytes retrieved, the 
number of obtained embryos, the number of day 3 high- 
quality embryos, serum E2 level on the day of hCG, and fer-
tilization rate were lower in patients with stage III-IV 
endometriosis than those in tubal factors group. Except 
reduced implantation rate in stage III-IV endometriosis 
group, no differences were found in other pregnancy 

 parameters. This study concluded that IVF/ICSI yielded sim-
ilar pregnancy outcomes in patients with different stages of 
endometriosis and patients with tubal infertility [13].

Barbosa et al. evaluated whether the presence or severity 
of endometriosis affects the outcome of ART in a systematic 
review, investigating all studies comparing the outcome of 
ART in women with and those without endometriosis, or at 
different stages of the disease. Women with endometriosis 
undergoing ART have practically the same chance of achiev-
ing clinical pregnancy and live birth as do women with other 
causes of infertility. No relevant difference was observed in 
the chance of achieving clinical pregnancy and live birth fol-
lowing ART when comparing stage-III/IV with stage-I/II 
endometriosis [14].

In a recent review, Tanbo and Fedorcsak affirmed that 
medical or hormonal treatment alone has little or no effect 
and should only be used in conjunction with ART.  Of the 
various methods of ART, intrauterine insemination, due to its 
simplicity, can be recommended in women with minimal or 
mild peritoneal endometriosis, even though insemination 
may yield a lower success rate than in women without endo-
metriosis. IVF is an effective treatment option in less- 
advanced disease stages, and the success rates are similar to 
the results in other causes of infertility. However, women 
with more advanced stages of endometriosis have lower suc-
cess rates with IVF [15].

How endometriosis affect infertility? The most widely 
accepted theory, which was developed by Sampson, holds that 
that endometrial tissue refluxed to the fallopian tubes fails to be 

Fig. 17.1 Pathogenesis and 
risk factors
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Fig. 17.2 Oxidative stress 
and oocyte quality: possible 
ethiopathogenic mechanism 
involved in minimal/mild 
endometriosis-related 
infertility. ROS reactive 
oxygen species, PF peritoneal 
fluid, FF follicular fluid, CC 
cumulus cells

A. Tinelli et al.
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Fig. 17.3 ASRM staging criteria for endometriosis

17 Endometriosis, Infertility, and Oocyte Quality
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cleared and attaches to the peritoneum. Some 70% of women 
who menstruate regularly exhibit bleeding reflux, but only 10% 
develop endometriosis [16] (Figs. 17.4, 17.5, and 17.6).

Recently, it has been suggested that abnormal immune 
function and dysregulation of immune mediators are 
responsible for the poor response to treatment, and poor 
clearance, of ectopic endometrium. Immune status is now 
considered to play an important role in the initiation and 
progression of endometriosis. Several studies have shown 
that the levels of activated macrophages, T cells, B cells, 
and inflammatory cytokines are increased in women with 
endometriosis [17, 18].

Reductions in NK cell cytotoxic function have been 
observed in the peritoneal fluid (PF) of patients with endo-
metriosis implying that a defect in NK cell cytotoxic func-
tion, preventing elimination of endometrial cells from 
ectopic sites, may cause endometriosis [19, 20].

17.1.2  Endometriosis-Related Infertility

Endometriosis may contribute to infertility by impairing 
ovarian and tubal function and reducing uterine receptivity 
(Fig. 17.6); in fact, 35–50% of women with infertility have 
endometriosis [10], and about 30–50% of patients with 
endometriosis have impaired fertility [21].

Endometriosis is also associated with a reduced rate of 
pregnancy after IVF, which may be due to the poor qualities 
of oocytes and embryos [22].

Despite the advances in the research of endometriosis role 
in infertility, there are still no clearly defined treatment pro-
tocols. Low pregnancy rates after IVF are observed in 
patients with endometriosis, compared to those with tubal 
factor of infertility. The detrimental impact, if any, of endo-
metriosis on IVF outcome would be expected to be on 
embryo “quality” and/or endometrial receptivity [23].

Fig. 17.4 Pathogenetic mechanisms of endometriosis

A. Tinelli et al.
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Analyzing retrospective studies on in  vitro fertilization 
(IVF) and oocyte donation programs showed that women with 
endometriosis have significantly reduced pregnancy rates per 
cycle and per transfer as well as reduced implantation rates. 
Moreover, studies reported that healthy ovum donation to 
patients with endometriosis produces the same rate of implan-
tation and pregnancy compared to controls [23].

Retrospective and prospective clinical trials on IVF suc-
cess rate have shown decreased oocyte and embryo quality 
and low ovarian reserves in women with endometriosis com-
pared to controls [24].

Nevertheless, human studies indicate poor oocyte and 
embryo quality and lower pregnancy rates in women with 
endometriosis, addressing the problem on pro-inflamma-
tory cytokines and chemokines that negatively interact with 
the oocyte and embryo, with damage to the oocyte and 
embryo [25].

In fact, intrafollicular levels of IL-8, IL-12, and adreno-
medullin are elevated in women with endometriosis under-

going IVF and are indicators of impaired embryo and oocyte 
quality [26].

Poor oocyte quality was observed and measured, in retro-
spective IVF studies, by diminished blastomere cleavage 
rates, increased numbers of arrested embryos, and impaired 
cytosolic events [27].

In addition, reports also suggest that other etiological fac-
tors, such as in utero exposure to diethylstilbestrol, environ-
mental exposure to endocrine disrupting agents, low birth 
weight, and dietary choices may play significant roles in the 
development of endometriosis [28].

Outcomes of in vitro fertilization cycles in women with 
endometriosis are significantly worse than in patients with-
out this condition. The impact of endometriosis on ovarian 
reserve and the quality of retrieved oocytes seems evident. 
Lower implantation rates, however, raise the question 
whether this finding is purely the consequence of lower num-
ber and poorer quality of embryos, or whether it also reflects 
compromised endometrial receptivity [29].

Fig. 17.5 Pathogenetic 
theory of menstrual reflux
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Accumulating evidence indicates that endometriosis is 
associated with aberrant transcriptional profiles in the 
eutopic endometrium of women and baboons resulting in 
dysregulation of critical signaling pathways [30].

Endometriosis is known to be associated with several 
deregulated molecules related to the pathogenesis of the dis-
ease, such as cyclooxygenase-2 (COX-2) and aromatase. 
The COX-2 enzyme, encoded by the PTGS2 gene (prosta-
glandin–endoperoxide synthase 2), is naturally induced by 
aromatase and is involved in the conversion of arachidonic 

acid into prostaglandins, which, in turn, regulate aromatase 
levels in endometriotic tissue [31].

In the endometrial tissue of patients with endometriosis, 
aberrant aromatase is induced via cyclooxygenase-2 prosta-
glandin- 2 (COX-2–PGE2) pathway deregulation, with a 
positive feedback cycle. It is also related to proliferative and 
inflammatory properties of ectopic implants [32].

The PTGS2 gene, which encodes cyclooxygenase 2 
(COX-2), is deregulated in endometriotic lesions and plays a 
crucial role in the acquisition of oocyte competence [33].

Fig. 17.6 Factors associated 
with reduced fecundity in 
women with endometriosis

A. Tinelli et al.
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17.1.3  Peritoneal Fluid of Patient 
with Endometriosis

Endometrial fragments refluxed during menstruation induce 
inflammation within the peritoneal cavity [34].

Normally, neutrophils and macrophages are among the 
first immune cells (Fig. 17.7) to be recruited to this area and, 
both, are primary contributors to the elevations in pro- 
inflammatory and chemotactic cytokine levels found in the 
peritoneal fluid (PF) [35].

In addition to encouraging the growth of peritoneal 
implants, macrophages are a major source of angiogenic 
mediators, including TNF-𝛼 and IL-8 [36].

Endometriosis also involves significant disarray in the 
production and metabolism of nitric oxide (NO), a  ubiquitous 
free radical in the oocyte microenvironment that plays a vital 
role in virtually every step of oocyte development, including 
meiotic maturation, fertilization, embryonic cleavage, and 
implantation [37].

Authors demonstrated a significant role of NO in delaying 
oocyte aging and maintaining the integrity of the spindle 
apparatus.

Decreased bioavailability of NO under certain pathologic 
conditions could therefore result in abnormalities in oocyte 
viability and developmental capacity [38].

Further, sperm, travelling through the uterus and fallopian 
tubes, also interact with inflammatory cytokines in the PF 
and similarly encounter damage.

Moreover, endometriosis is linked to the Natural Killer (NK) 
cells dysfunction; NK cells comprise 15% of all circulating 
lymphocytes, particularly those of the innate immune system, 
and protect against tumor development and viral infections.

Most studies have found that the numbers of cytotoxic 
NK cells are functionally defective and reduced in the PF 
and peripheral blood of patients with endometriosis and that 
this is accompanied by an overall decrease in NK cell activ-
ity [16] (Fig. 17.8).

In such patients, the populations of NK cells 
(CD32CD56+) are significantly decreased, whereas the pro-
portions of immature NK cells (CD272CD11b2) among 
CD32CD56+ NK cells are increased in the PF. Functional 
impairment and diminished cytotoxicity of NK cells within 
the peritoneal cavity have also been well documented in such 
patients [39].

Fig. 17.7 Expression of NK cells in the endometrium
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In addition, the levels of the inflammatory cytokines IL-6, 
IL-8, IL-1b, IFN-𝛾, and TNF-𝛼 increase in the PF of patients 
with endometriosis, which is consistent with the elevated 
levels noted in the serum [16].

Inflammatory cytokines including TNF-α and oxidative 
stress has been shown to directly hinder sperm motility [25, 26].

Similarly, murine embryos incubated in the PF from women 
with endometriosis have shown diminished growth rates of 
embryos, increased rates of apoptosis, DNA fragmentation, and 
increased number of embryos arrested in development [40].

Dexamethasone reduced the observed embryotoxic effect 
of the PF from women with endometriosis-associated infer-
tility. Dexamethasone is a glucocorticoid that has been 
shown to reduce the expression of prostaglandins and other 
inflammatory mediators dysregulated in endometriosis [41].

Additionally, inhibiting TNF-α reduces embryotoxic 
effect on mouse embryos incubated with PF from infertile 
women with endometriosis [42].

Collectively, these studies link inflammation in the PF, 
specifically TNF-α, with embryo toxicity. Studying the tox-
icity of PF from women with endometriosis is limited by 
ethical constraints as interfering with human embryos vio-

lates moral and ethical considerations. However, this murine 
model provides a convincing argument to suggest the PF 
from women with endometriosis produces a damaging effect 
on the embryo [40].

17.1.4  The Oocyte Quality

Patients with endometriosis continue to pose difficulties in 
achieving pregnancy. Studies have shown lower implantation 
rates in non-endometriotic patients who received oocytes 
from women with endometriosis, whereas healthy donated 
oocytes have proven to contribute to a pregnancy with simi-
lar chances in women without the disease. The question still 
to be answered is whether this situation applies for natural 
cycles or whether it is the use of gonadotropin-releasing hor-
mone analogs and hormonal replacement therapy used for 
endometrial priming in oocyte recipients that reestablishes 
an adequate uterine environment [29].

Endometriosis, especially at the ovarian site has been 
shown to have a detrimental impact on ovarian physiology. 
Indeed, sonographic and histologic data tend to support the 

Fig. 17.8 Interaction between immune cells and ectopic endometrial cells in the peritoneal cavity
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idea that ovarian follicles of patients with endometriosis are 
decreased in number and more atretic. Moreover, the local 
intrafollicular environment of patients affected is character-
ized by alterations of the granulosa cell compartment includ-
ing reduced P450 aromatase expression and increased 
intracellular reactive oxygen species generation [24].

Assessment of oocyte morphology is obligatory for the 
evaluation of oocyte quality and it has been known that quality 
of the oocyte has an impact on the fertilization outcomes [43].

Oocyte quality is determined by its morphological, cellu-
lar, and molecular evaluations [44].

Advances in reproductive medicine have made clear that 
one of the most important factors determining the outcome 
of embryo development is oocyte quality [45].

Many prognostic factors based on morphological charac-
teristics of the oocyte have been devised that may allow pre-
diction of oocyte quality, fertilization rates, and embryo 
development.

However, currently available techniques are not very reli-
able in predicting which metaphase II (MII) oocyte will lead 

to an embryo which will implant and result in a clinical preg-
nancy [46] (Fig. 17.9).

One way indirectly to assess oocyte quality is to analyze 
markers in cumulus cells (CCs). During follicular develop-
ment, the granulosa cells differ in the mural population, lim-
iting the follicular antrum and in the CC population, which 
surrounds the oocyte. Mural cells are responsible for estro-
gen production and rupture of the follicle, whereas CCs are 
intimately associated with oocyte development. CCs are 
regulated, in part, by factors derived from the oocyte, while 
contributing to oocyte maturation and development 
potential.

In this context, some studies have suggested that the analy-
sis of gene expression in CCs can be used as an indirect pre-
dictor of oocyte quality and outcomes of assisted reproduction 
technologies, with possible clinical applications [23].

Traditionally, poor oocyte quality has been held respon-
sible for poor ART outcome in women with endometriosis.

Barnhart et al. observed lower number of oocytes retrieved 
and lower fertilization rates in oocytes recovered from 

Fig. 17.9 Damage of endometriosis on tissues
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women with endometriosis as compared to controls of tubal 
factor infertility but other authors have reported conflicting 
results [9].

Other researches have found no difference in folliculo-
genesis or the number of oocytes retrieved in patients with 
endometriosis, as compared to other etiologies such as tubal 
factor infertility [47, 48].

Adverse influence on the oocyte is therefore a likely cen-
tral aspect in endometriosis-related infertility. This concept 
is strengthened by a study reporting significant improvement 
in the pregnancy rate in patients with endometriosis who 
received donated oocytes compared with their own oocytes. 
Conversely, the pregnancy rates were lower in subjects with-
out endometriosis who received donor oocytes from subjects 
with endometriosis [49–51].

Moreover, a recent meta-analysis on IVF outcomes in 
endometriosis indicates that live birth rates were not altered 
in patients with minimal/mild endometriosis, whereas patients 
with moderate and severe endometriosis patients had poorer 
outcomes including lower retrieved oocytes, implantation 
rates, and birth rates [52].

When retrieved oocyte number is considered as ovarian 
response to controlled ovarian stimulation (COS) and as a 
success parameter, data in the literature are more conflicting.

The acquisition of oocyte competence is known to depend 
on adequate cytoplasmic and nuclear maturation, the latter 
being dependent on the presence of a normal spindle. The 
meiotic spindle of human oocytes in metaphase II, a 
 temporary and dynamic structure composed of microtubules, 
is associated with the oocyte cortex and its subcortical micro-
filaments network and is essential to ensure the fidelity of 
chromosome segregation during meiosis. The meiotic spin-
dle, however, is extremely sensitive to the action of various 
factors such as oxidative stress, which can promote meiotic 
abnormalities and chromosome instability, increase apopto-
sis and impair the development of the preimplantation 
embryo [23].

17.1.5  Impact of Endometriosis  
on Oocyte Quality

A systematic review of the literature showed that the retrieved 
oocytes from women affected by endometriosis are more 
likely to fail in  vitro maturation and to show altered mor-
phology and lower cytoplasmic mitochondrial content com-
pared to women with other causes of infertility (Fig. 17.10). 
Results from meta-analyses addressing IVF outcomes in 

Fig. 17.10 Damage of endometriosis disease on oocyte quality
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women affected would indicate that a reduction in the num-
ber of mature oocytes retrieved is associated with endome-
triosis while a reduction in fertilization rates is more likely to 
be associated with minimal/mild rather than with moderate/
severe disease [24].

Women with endometriosis ovulate fewer oocytes than 
healthy women and those oocytes ovulated by women with 
endometriosis are both sometimes compromised, so that 
endometriosis negatively impacts embryo development [25].

Xu et  al. examined the ultrastructure of oocytes from 
patients with minimal or mild endometriosis and control 
females undergoing IVF treatment by transmission electron 
microscopy (TEM) to investigate the physiological signifi-
cance of oocyte quality for patients with minimal or mild endo-
metriosis. The TEM results revealed that the oocytes from 
women with minimal or mild endometriosis exhibited abnor-
mal mitochondrial structure and decreased mitochondria mass. 
Quantitative real-time PCR analysis revealed that the mito-
chondrial DNA copy number was significantly reduced in the 
oocytes from women with minimal or mild endometriosis 
compared with those of the control subjects. Their results sug-
gested the decreased oocyte quality because of impaired mito-
chondrial structure and functions, probably an important factor 
affecting the fertility of patients with endometriosis [53].

A recent study has shown that women with endometriosis 
exhibit an increase in apoptosis of the cumulus cells sur-
rounding the oocyte and apoptosis in ovarian cells is a good 
indicator of poor oocyte quality [54].

Death of cumulus cells probably leads to reduced oocyte 
quality and maturation attributable to the loss of the essential 
support that the cumulus cells give to the oocyte [55].

Aberrant nuclear and cytoplasmic events in embryos from 
women with endometriosis are six times more likely com-
pared with women without endometriosis [56] (Fig. 17.11).

These events include cytoplasmic fragmentation, dark-
ened cytoplasm, reduced cell numbers, and increased fre-
quency of arrested embryos, leading to significantly fewer 
transferable blastocysts. Additionally, the quality of embryos 
that develop from patients with endometriosis has been 
shown to be reduced [57].

Treatment with a gonadotropin-releasing hormone ago-
nist that temporarily causes regression of the endometriotic 
lesions and cessation of reproductive cyclicity helps to 
improve embryo quality in these patients [58].

Embryo quality and embryo implantation are also of par-
ticular concern in women with endometriosis. In a normal 
embryo, there are proteins called L-selectin that normally 
coat the trophoblast on the surface of the blastocyst. This 
protein is involved in binding of the embryo to the endome-
trium. Low levels of the enzyme involved in the synthesis of 
the endometrial ligand for L-selectin have been observed and 
is a possible etiology of decreased embryo receptivity in 
patients with endometriosis [59–61].

In addition, endometriosis-free patients who have oocytes 
donated from women with a known history of moderate to 
severe endometriosis have decreased implantation rates and 
reduced embryo quality. This decrease in implantation rate 
and embryo quality is in comparison with women with mod-
erate to severe endometriosis that receive oocytes from 
endometriosis- free women [62].

The hormonal milieu was altered in the follicular fluid of 
patients with endometriosis, such as a decreased estradiol 
concentration [63].

A dysregulated intrafollicular hormone milieu, as well 
as an abnormal intrafollicular cytokine profile, might 
therefore be a cause of reduced fertility in endometriosis.

This suggestion is in line with studies from oocyte dona-
tion programs. Implantation rates were reduced with oocytes 
from women with endometriosis transferred to women with-
out endometriosis, whereas embryos from healthy donors, 
transferred to women with endometriosis, did not affect 
implantation rates [29, 64].

Abnormal folliculogenesis, elevated oxidative stress 
(OS), altered immune function, changes in the hormonal 
milieu, or decreased endometrial receptivity may also con-
tribute to reduced fertility [65].

OS can be considered as a process consisting in three dis-
tinct stages, with an increased production of reactive species 
occurring in the first stage, mobilization of antioxidant 
occurring in the second, and oxidative damage to the major 
targets (lipids, proteins, and nucleic acids) occurring in the 
third [66, 67].

The presence of OS markers in the follicular fluid of 
infertile women with endometriosis, submitted to in IVF, has 
been recently demonstrated (Table 17.1) [68, 69].

Donabela et al. demonstrated that infertile women with 
moderate and severe endometriosis showed increased 
expression of the superoxide dismutase 1 (SOD1) gene in 
cumulus cells, compared to women with minimal/mild 
endometriosis and controls. This evidence opens a new per-
spective for understanding the pathogenesis of endometrio-
sis-related infertility, confirming that OS is involved in the 
worsening of oocyte quality in these women. These find-
ings also suggest that analysis of expression of SOD1 gene 
in CCs might be used as a biomarker of ICSI success in 
women with infertility related to advanced stages of endo-
metriosis [70].

Singh et  al. evaluated the OS and trace elements in the 
oocytes environment in endometriosis and impact on IVF out-
come. They aspirated FF at the time of oocyte retrieval from 
endometriosis (n = 200) and tubal infertility (n = 140) and it 
was analyzed. In endometriosis group, they showed an 
increased concentration of reactive oxygen species (ROS), 
nitric oxide (NO), lipid peroxidation (LPO), iron, lead, cad-
mium and reduced levels of total antioxidant capacity (TAC), 
superoxide dismutase (SOD), catalase, glutathione peroxidase 
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(GPx), glutathione reductase (GR), vitamins A, C, E, copper, 
zinc and selenium, compared to tubal infertility. Increased 
ROS and NO in endometriosis and tubal infertility are associ-
ated with poor oocytes and embryo quality. Increased levels of 
ROS, NO, LPO, cadmium, and lead were observed in women 
who did not become pregnant, compared to women who did. 
Intrafollicular zinc levels were higher in women with endome-
triosis who subsequently became pregnant following IVF.

The deleterious effect of intrafollicular ROS/NO on 
oocytes and embryo quality and IVF pregnancy prompted 

authors to ascertain the ROS threshold level, beyond which it 
appears to be toxic, and is associated with the formation of 
poor quality oocytes. Further, follicular levels of lead and 
cadmium showed a negative association with IVF pregnancy 
outcome, thereby highlighting the toxicity risk of environ-
mental pollutants [71].

An imbalance between reactive oxygen species (ROS) 
production and antioxidant activity causes cellular damage 
and dysfunction and may affect folliculogenesis. Altered fol-
liculogenesis in patients with endometriosis may contribute 

Fig. 17.11 Damage of endometriosis disease on oocyte quality (image under the microscope)
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to ovulatory dysfunction, poor oocyte quality, reduced fertil-
ization, low-grade embryos, and reduced implantation [57].

Changes in the kinetics of granulosa cell cycle may also 
impair follicular growth and oocyte maturation in patients 
with endometriosis [72].

Thiols are organic sulfur derivatives, contributing to the 
infertility associated with endometriosis, since extracellular 
supply of thiols is critical for maintaining the redox state of 
the extracellular space or microenvironment [73].

Thus, endometriosis is associated with inflammatory 
changes in the intrafollicular microenvironment.

In addition, the levels of inflammatory cytokines, such as 
interleukin 6 (IL6), IL1b, and tumor necrosis factor alpha 
(TNFa), are increased in the ovarian follicular fluid (OFF) of 
patients with endometriosis [74].

Da Broi et al. detected a deleterious effect of FF taken from 
infertile women with mild endometriosis on the spindle and 
chromosome distribution of bovine oocytes matured in vitro, 
indicating the presence of harmful factors against oocyte qual-
ity in the FF of women with the disease and questioning the 
role of OS in the worsening of gamete quality [75].

Da Broi et al. also demonstrated both systemic and fol-
licular oxidative stress in infertile patients with endometrio-
sis. They demonstrate the presence of oxidative DNA 
damage, represented by higher 8OHdG concentrations in the 
follicular microenvironment of these patients, possibly 
related to compromised oocyte quality and associated with 
the pathogenesis of endometriosis-related infertility. These 
findings also suggest that some of the OS markers studied in 
serum and FF are predictive of clinical pregnancy and live 
birth after ICSI [76].

Baumann et  al. demonstrated that endometriosis is 
linked with altered patterns of ovarian gene expression and 
demonstrated that a prominent epigenetic pathway, associ-
ated with oocyte quality and potential correct ovarian 
development, is severely disrupted in primate females with 
induced  endometriosis [77].

Kasapoglu et  al. showed dimorphisms significantly 
higher in oocytes retrieved from endometriosis group: dark 
cytoplasm; dark, large or thin zona pellucida; and flat or 
fragmented polar body (p < 0.05 for all) (Figs. 17.11, 17.12, 
and 17.13). When morphological parameters for oocytes of 
patients with endometriosis are evaluated, the oocyte defects 
have increased significantly in patients with endometriosis. 
Thus, the abnormal oocyte morphology is more common in 
patients with endometriosis than those with male factor 
infertility (Figs. 17.14, 17.15, 17.16, and 17.17).

Table 17.1 Change in OS concentration in oocytes after retrieval in 
patients with endometriosis

Endometriosis group
> ROS
> NO
> LPO
> Fe
> LEAD
> Cadmio
< TAC
< SOD
< Catalase
< Glutathione peroxidase
< GR
< Vit. A, C, E
< Cu, Zn, Se

Fig. 17.12 Morphological alterations in oocyte pronucleus of endo-
metriosis (A)

Fig. 17.13 Morphological alterations in oocyte pronucleus of patients 
with endometriosis (B)
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Thus, endometriosis may cause subfertility, and adversely 
affect outcomes of ART by its detrimental effects on oocyte 
morphology [78].

Santonastaso et al. analyzed and integrated different clini-
cal chemistry parameters being specific of the metabolic pro-
file, the inflammatory state, and the cell damage by H-Nuclear 
Magnetic Resonance (NMR) spectroscopy approach and 
biochemistry analysis, respectively, in follicular fluids of 
women with different stages endometriosis (I-II and III-IV) 
unrolled to IVF cycle (Figs. 17.18 and 17.19).

Their analysis evidenced that in the follicular fluids of the 
patients with endometriosis the levels of phospholipids, lac-
tate, insulin, PTX3, CXCL8, CXCL10, CCL11, and VEGF 
were higher, whereas those of some fatty acids, lysine, cho-
line, glucose, aspartate, alanine, leucine, valine, proline, 
phosphocholine, total LDH as well as its LDH-3 isoform 
were lower in comparison to control group. The levels of 

Fig. 17.14 Massive endometriotic ovarian cyst

Fig. 17.15 The hemorrhagic event within an endometriotic cyst pro-
duces a slow re-adjustment of the blood with formation of a thick layer 
of siderotic macrophages and failure to reconstitute the endometrial 
mucosa. In these cases, the pathologist formulates a diagnosis of “endo-
metriotic cyst” even without recognizing the endometrium

Fig. 17.16 At higher magnification we can see the large quantity of 
brownish pigment inside the macrophages

Fig. 17.17 Endoscopic image of chocolate cyst

Fig. 17.18 Ovary surmounted by chocolate cyst
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Fig. 17.19 Above, the 
graphic reconstruction of the 
endometriosic ovarian cyst; in 
the center the representation 
of transvaginal ultrasound 
used to diagnose the ovarian 
cyst of endometriotic 
appearance; below, the 
ultrasound image of the 
endometriotic cyst
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LDHB, PTX3, and insulin receptor were confirmed also by 
RT-PCR applied on cumulus cells surrounding oocytes 
retrieved from the patients. The reduced oocyte quality 
observed in patients with endometriosis can be certainly cor-
related to the different levels of these molecules [79].

Schebl et  al. investigated morphological parameters of 
oocyte morphology in patients with endometriosis, describ-
ing oocyte morphology in patients undergoing intracytoplas-
mic sperm injection. Patients with endometriosis had a 
 significantly lower rate of mature oocytes (p  <  0.03) and 
morphologically normal oocytes (p < 0.001). In particular, 
brownish oocytes (p < 0.009; stage I-IV) and the presence of 
refractile bodies (p  <  0.001; stage IV) were found to be 
increased. Endometriosis stage IV was associated with sig-
nificantly worse-quality oocytes than stages I-III (p < 0.01). 
Fertilization was significantly reduced in conventional 
in vitro fertilization but not in intracytoplasmic sperm injec-
tion (p < 0.03). This was due to lower fertilization rates in 
stage III-IV endometriosis compared with stage I-II 
(p < 0.04). No difference was observed with respect to rates 
of implantation, clinical pregnancy, miscarriage, live birth, 
and malformation. Authors concluded that patients with 
endometriosis, in particular those with severe endometriosis, 
present lower-quality oocytes [80].

Nakagawa et al. measured the OS in the FF from a single 
follicle of patients with endometrioma (EM); we evaluated 
whether an EM might affect the environment of follicular 
growth. The FF was obtained during the first puncture of fol-
licular aspiration and was evaluated. Authors showed that 
oxidative stress and antioxidant potential in the FF of the 
patients with unilateral EM showed values similar to those 
without an EM, and concluded that EMs do not affect the 
environment for follicle growth during ART treatment [81].

Nasiri et  al. evaluated the levels of two OS markers 
including lipid peroxide (LPO) and total antioxidant capac-

ity (TAC) in both serum and FF of women with endometrio-
sis after puncture. They observed that women with 
endometriosis had significantly higher LPO and lower TAC 
levels in the serum and FF as compared with the control 
group. Therefore, authors noted that FF of women with 
endometriosis, regardless of disease stage, increases the pro-
liferation power of endometrial cells in vitro, and presumed 
that inflammatory reactions-induced OS in ovary may be 
responsible for proliferation induction ability in FF obtained 
from women with endometriosis [82] (Figs.  17.20, 17.21, 
17.22, 17.23, 17.24, 17.25, and 17.26).

Da Luz et al. compared the expression levels of PTGS2 in 
cumulus cells of infertile women, with and without endome-
triosis, undergoing ovarian stimulation for ICSI. A decreased 
expression of PTGS2 was found in cumulus cells of infertile 
women with endometriosis compared with controls, which 
might be related to reduced levels of COX-2 in the cumulus 
cells of women with the disease. Consequently, authors 

Fig. 17.20 Stripping technique for the removal of endometriotic cyst

Fig. 17.21 The causes of 
follicle loss during surgery for 
endometriosis involve injury 
to blood vessels and stroma 
and removal of healthy cortex. 
(1) Endometrioma. (2) 
Pseudocapsule of 
endometriosic ovarian cyst. 
(3) Healthy cortex containing 
significant number of follicles 
stripped with pseudocapsule. 
(4) Coagulation of vascular 
bed. (5) Blood vessels 
injuries. (6) Edema/
inflammation
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hypothesized that lower transcript levels of PTGS2 in cumu-
lus cells may be involved in the impairment of oocyte qual-
ity, suggesting a possible mechanism involved in 
disease-related infertility [83].

Pauli et al. analyzed and compared peripheral plasma (PP) 
and FF retinoid levels, retinol (ROL) including all-trans reti-
noic acid (ATRA), all essential for a number of reproductive 
processes, in women undergoing IVF. They investigated also 
the relationship between retinoid levels and embryo quality.

An analysis compared the retinoid levels with day 3 
embryo grades between two groups of women, patients with 
endometriosis and control patients. Results demonstrated 
distinctive levels of retinoid metabolites and isomers in FF 
versus PP.  There was a significantly larger percentage of 
high-quality grade I embryos derived from the largest versus 
smallest follicles. An increase in follicle size also correlated 
with a >50% increase in FF ROL and ATRA concentrations. 
Independent of follicle size, FF yielding grade I versus non-
grade I embryos showed higher mean levels of ATRA but 
not ROL. In a nested case-control analysis, control partici-
pants had 50% higher mean levels of ATRA in their FF and 
PP than women with endometriosis. These findings strongly 
supported the proposition that ATRA should play a funda-
mental role in oocyte development and quality, and that 
reduced ATRA synthesis may contribute to decreased fecun-
dity of participants with endometriosis [84].

Du et al. evaluated the effect of endometriosis on follicu-
logenesis and pregnancy, and to assess the involvement of 
inflammatory factors (IL1b, PGE2, PGF2a, and TGFb2) in 
follicular fluid. Authors aspirated FF in patients with endo-
metriosis to measure the concentrations of inflammatory 
factors (IL1b, PGE2, PGF2α, and TGFβ2) and steroid hor-
mones (E2, progesterone, FSH, and LH) within follicular 
fluid, as well as serum E2 and LH concentrations. The 
oocyte retrieval, rate of metaphase II oocyte, cleavage rate, 
effective embryo rate, and pregnancy rates of patients with 
endometriosis were all significantly lower than those of the 
control patients. In those with endometriosis, serum E2 con-
centrations were lower than those observed in controls. 
Aromatase levels in the granulosa cells of the endometriosis 
group were lower while concentrations of PGE2 in follicu-
lar fluid were higher than in the control group. Concentrations 
of PGE2, PGF2α, TGFβ2, and IL1b were significantly cor-
related with each other. The study conclusion was that the 
outcomes of ART, in relation to serum E2 concentration, 
were adversely affected by the presence of endometriosis 
[85] (Fig. 17.27).

Furthermore, severe ovarian damage and extensive folli-
cle loss have been reported after cystectomy for endometrio-
mas, resulting in a shorter reproductive life span or even 
immediate ovarian failure as reported in few cases [86–89].

The follicle loss during surgery for endometriosis has a 
negative impact of reproduction (Fig. 17.4).

Fig. 17.22 Stripping technique for the removal of endometriotic cyst

Fig. 17.23 Operative laparoscopy for endometriosis

Fig. 17.24 Operative laparoscopy for endometriosis
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The amount of healthy tissue inadvertently lost during 
surgery is larger with excision of bilateral endometriomas 
and is also related to electrosurgical coagulation and the 
local inflammation associated with the procedure [90].

The endometrioma cyst wall contains different amounts of 
follicles, which are lost during surgery. The number of folli-

cles in histological sections obtained from the cyst wall is 
related to patient’s age: the younger the patient, the larger the 
number of follicles present in the endometrioma wall [91].

Young women also have a higher recurrence rate of their 
endometriomas (30–50%) that often leads to repeated ovar-
ian surgery which further compromises ovarian reserve [92].

Fig. 17.25 Adenomyotic 
nodule, small or large, which 
develops in deep adenomyosis 
in viscera (intestine, bladder) 
equipped with muscular tunic. 
The release of cytokines with 
stimulatory activity in the 
endometriotic focus causes 
reactive hyperplasia in the 
smooth muscle cells of the 
host organ. These fibers have 
an irregular pattern and do not 
respect the normal functional 
dynamics of the organ causing 
dyskinesias. Macroscopically, 
the hypertrophic lesion has a 
neoplastic-like character and 
causes extensive resections of 
the organ. Histologically, 
Peripherical endometrial 
stroma may be poor or absent, 
causing uncertainties about 
the invasive character of the 
glands

Fig. 17.26 The hemosiderin 
is not the only pigment 
present in endometriotic 
outbreaks. In the stroma of 
this outbreak, a light brown 
pigment is observed, vitreous 
with the characteristics of the 
ceroid pigment, linked to the 
deposition of complex fats 
coming from the erythrocyte 
wall
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Lastly, extensive adhesiolysis even without direct surgery 
to the ovaries has been associated with a significant decline 
in ovarian reserve. This may derive from injury to ovarian 
vascular bed, resulting in reduced ovarian blood supply post-
surgery [93].

17.2  Transvaginal Ultrasound-Guided 
Oocyte Retrieval in Patients with 
Endometriosis

The development of transvaginal ultrasound-guided oocyte 
retrieval transformed IVF in the 1980s. It became possible to 
retrieve oocytes from the ovaries using outpatient, minimally 
invasive approaches, utilizing IV sedation or even just local 
anesthetics [94]. Previously, laparoscopy was necessary with 
its increased cost and need for general anesthesia. Whether 
oocyte retrieval is being performed laparoscopically or trans-
vaginally, the ovary needs to be held in place in order for the 
follicle to be punctured and aspirated. Several consequences 
of advanced stages of endometriosis include scarring of the 
ovary and adnexa within the cul-de-sac or obscuring by bowel 
or omental adhesions [95, 96]. Paradoxically during transvagi-
nal oocyte retrieval, adhesion formation may actually immobi-
lize the ovaries facilitating the aspiration of the follicles.

Endometriosis and associated endometriomas are com-
mon in patients coming for oocyte retrieval as part of the IVF 
process [97]. The development of large endometriomas is 
unusual outside the ovary, and the pathogenesis behind their 
development inside the ovary is unknown; however, different 
hypotheses do exist. It has been shown, while the formation 
of superficial cysts of superficial ovarian endometriosis is 
similar to extra-ovarian site endometriosis, the development 
of large endometriomas may be the result of secondary 

involvement of functional (follicular or luteal) ovarian cysts 
by the endometriotic process. Additionally, the ovary has 
several unique physiologic processes, such as high concen-
trations of ovarian steroids and growth factors which may 
impact the initiation, maintenance, and growth of endome-
trial implants; as well as, the regular follicular rupture at time 
of ovulation, also known as ovulation dehiscence, causes 
metaplasia of the ovarian mesothelium, or stigma, poten-
tially allowing for the progressive invagination of the ovarian 
cortex and the invasion of follicles or corpora lutea from 
endometriotic cells [98, 99]. To note, the chance of corre-
spondence between follicular dehiscence and an endometrial 
implant may be higher in natural cycles due to the concomi-
tance of molecules involved in both endometriosis- associated 
inflammation and ovulation dehiscence. Furthermore, such 
correspondence can also occur during IUI but not during IVF 
cycles, when the stigma is controlled by physicians [100, 
101]. These two unique features of the ovary in combination 
may play a role in the development of large ovarian endome-
triomas. Different clinical types of suspected endometriomas 
have been observed and classifications have been developed 
based on size, cyst contents, ease of capsule removal, adhe-
sions of the cyst to surrounding structures, and location of 
superficial endometrial implants relative to the cyst [102, 
103]; see Table 17.2.

At times, the surgical approach in these cases depends on 
the size and location of the endometrioma (Fig.  17.5). 
Ordinarily, follicles will be aspirated sequentially, moving 
from one to the next emptying the follicular contents. The 
larger problem faced during transvaginal oocyte retrieval in 
patients with endometriosis is the presence of endometrio-
mas in the needle path from the vagina toward the target fol-
licle [104]. Generally, the goal is to avoid the endometrioma 
and “go around it” if possible (Fig. 17.28).

Fig. 17.27 An endometrioma 
exerting pressure on ovarian 
follicles on the day of oocyte 
aspiration
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The reason for this approach is because spillage of the 
endometrioma fluid can be toxic to the oocytes, the endome-
trium, and the peritoneal cavity [105]. Occasionally, it is 
hard to avoid the endometriomas and several methods exist 
to combat this inconvenience. (1) The vaginal ultrasound 
technique may be used to traverse the cyst with the aspirating 
needle without aspirating the cyst itself. This is usually suc-
cessful and avoids the issues mentioned above; or (2) if the 
endometrioma is so large as to prevent a clear path to the 
normal follicle, it may be drained into a separate aspiration 
tube and the aspiration needle thoroughly rinsed prior to 
using it to aspirate a normal follicle.

IVF is an outstanding treatment option with excellent suc-
cess rates for couples suffering from infertility caused by 
endometriosis [106]. Treatment for endometriosis via 

 laparoscopy following previous IVF failures has been shown 
to increase odds of conceiving naturally and/or via IVF [107]. 
With a little planning and attention to detail, transvaginal 
ultrasound-guided oocyte retrieval can be carried out safely 
and efficiently in women with all stages of endometriosis.
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