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1.The Effect of Pregnancy on Endometriosis
Endometriosis is a chronic disease that affects women of reproductive age and can
cause estrogen-dependent pelvic pain and infertility. The relationship between endometriosis
and pregnancy is very important in this group where pregnancy demand is important. The
1

effects of pregnancy on endometriosis and endometriosis on pregnancy have been investigated
for a long time. However, the studies conducted show differences according to the variety of
treatment modalities such as the differences in diagnostic methods and assisted reproductive
techniques used for endometriosis.

1

There are studies showing that pregnancy has effects on endometriosis. Those who
claim that endometriosis regresses during pregnancy state that decidualization caused by
increased progesterone in endometrial tissue is the main mechanism for regression, while those
who argue that endometriosis progresses during pregnancy suggest that increased angiogenesis
causes progression in endometriosis foci.

1

It has been thought for many years that pregnancy has a positive effect on endometriosis
and its symptoms by prevention of bleeding of endometriotic foci due to anovulation and
amenorrhea, and different metabolic, hormonal, immunological and angiogenic changes.
However, there is not enough study to prove this theory. Experimental endometriosis models
have been created in mice and it has been reported in studies that shrinkage in lesions occur
during pregnancy.

1

Estrogen stimulates the development of the endometriotic focus, while progesterone
has an antiproliferative and pro-apoptotic effect on both the eutopic and ectopic endometrium.
Menopause and pregnancy are natural conditions that affect the formation of endometriosis.

Since 1958, especially by two researchers named Kistner and Andrews, imitation of
pregnancy (false pregnancy) has been widely used in the treatment of endometriosis.

On the

1, 2

observed benefits, Enovid (norethynodrel and mestranol), the first produced oral contraceptive,
was prescribed to 23 patients with endometriosis.

3

After these initial trials, synthetic

progesterone is still used in the treatment of endometriosis today. According to studies, the use
of progestin reduces endometriosis-related pain in 90% of the patients.

3

Apart from corpus luteum cysts, 11% of adnexal masses detected during pregnancy
have been reported as endometrioma and 1% as endometrioid cancer.

4

Epithelial ovarian

cancers account for more than half of these cancers. It has been reported that there may be
5

changes in the appearance and size of endometriotic cysts during pregnancy. Ueda et al.
6,7

8

reported that cysts were reduced in size by 52% in their studies, while Benaglia et al. stated
9

that this rate was 13%. Benaglia et al. reported that 46% of these cysts were not seen later on,
33% did not change in cyst size and 8% increased in size. Ueda et al. reported that the
dimensions did not change in 28% of the cysts and increased in 20%. It is thought that the
failure of the endometriomas to behave in the same way in each pregnancy depends on the
characteristic histology of the endometrioma. It has been suggested that those surrounded by
the endometrium are more prone to decidualization, contraction or even extinction.

9

Increase in endometriosis foci in glandular epithelial secretion, stromal vascularity and
edema is due to decidualization under the effect of progesterone during pregnancy.

10, 11

Similar

to the ectopic endometrium, atrophy resulting in fibrosis in the endometriotic lesions, necrosis
of the decidual cells and lymphocyte infiltration can be seen in pregnancy.

12

There are typical

ultrasound images, histological and molecular patterns of decidualized endometriosis.

10

Generally, there are vascularized papillary projections in a properly limited uni or
multilocular cystic structure as ultrasound finding. Depending on the vacuole rupture, a
myxoid structure can be seen in the stroma. Apart from this, there is no clear information about
the frequency of decidualization. In the study in which Benaglia et al. examined the number
and size of endometrioma before and after IVF in 24 patients, none of the 40 endometriomas
evaluated were found to be decidualized. In another study, 12% (in 3 cases) of decidualization
9

was detected in 24 patients who followed for 25 endometriomas.

11

Decidualized

endometriomas are very difficult to classify as borderline tumors, as they have characteristic
features of both malignant and benign adnexal masses. In addition, this diagnosis can be
skipped due to the routine examination of the ovaries in obstetric ultrasonography. Unlike
malignant tumors, there is no septation in decidualized endometriomas and it may be reassuring
that there is no increase in size in serial ultrasound follow-ups.
Although there are studies suggesting that endometriosis lesions regress due to
increased progesterone in pregnancy, there are also studies that advocate
progression of the disease due to increased angiogenesis.

CA 125 levels increase both in endometriosis and pregnancy. Therefore, it cannot be
used in differential diagnosis of adnexal mass during pregnancy.

13

However, compared to

premenopausal women, human epididymis protein 4 (HE4) values are significantly lower in
pregnant women and rarely increase in ovarian endometriotic cysts. Therefore, it is believed
13

that the combined use of CA125 and HE4 can help differentiate adnexal masses from malignant
or benign.

It is considered safe to use magnetic resonance (MR) imaging without gadolinium for
adnexal mass assessment during pregnancy.

14-16

Although a negative result in the fetus after

exposure to gadolinium has not been reported in the literature, there are no well-designed
human studies investigating the teratogenic effect of gadolinium in pregnant women. In
different studies, it has been shown that gadolinium persists in amniotic fluid, and the fetus
swallows, evacuates and reabsorbs this fluid through the gastrointestinal tract. Management
15

of adnexal cysts presenting during pregnancy is controversial. If a surgical decision is made by
a multidisciplinary team, it should be taken into consideration that the risks associated with
surgery increase after the 23

rd

week.

16

If surgery is decided in the late 3rd trimester, the

operation should be postponed until after delivery.

17

Complications of endometriosis that exist during pregnancy are also described.
Although these complications are rarely seen, they may cause life-threatening risks for the
mother and fetus. For this reason, it is recommended that physicians following the patient with
endometriosis should have information about these complications. Adhesions caused by
endometriosis or endometriosis surgery may attract more surrounding structures as the uterus
grows. In addition, tissues and vessels may become more fragile due to chronic inflammation
18

caused by endometriosis.

19

Tissue rupture may be seen by intrusion of decidualized

endometriotic tissues into the vascular wall and structures.

20

As a result, the decidualized

endometrium becomes a tissue with increased permeability, edema, vascular remodeling,
angiogenesis and increased luminal diameter and showing good vascularity.

21

Due to the

progesterone dependence of decidualization, in case of progesterone withdrawal, the decidual
vessels may become invasive and bleed.

22, 23

In endometriosis disease, which is characterized as

a progesterone resistant disease, rupture of these vessels and unpredictable bleeding due to

necrosis of a decidualized ectopic endometrium tissue localized on the utero-ovarian or
parametric vessels is possible.

24

In addition, complications such as intestinal perforation,

appendicitis, spontaneous hemoperitoneum, spontaneous pneumothorax, aortic aneurysm,
uroperitoneum, uterine rupture, infected endometrioma, and endometrioma rupture have been
reported in the literature.

25

In summary, although the foci of endometriosis seem to be receding during pregnancy,
there is insufficient data on the subject. It should be kept in mind that pregnancy complications
can be observed especially due to abnormal bleeding caused by decidualized endometrial
tissue.

Tissues and vessels may be more fragile due to chronic inflammation caused by
endometriosis.

Accordingly,

intestinal

perforation,

appendicitis,

spontaneous

hemoperitonium, spontaneous pneumothorax, aortic aneurysm, uroperitonium, uterine
rupture, infected endometrioma and Complications such as endometrioma rupture may
occur.

2.Pregnancy Follow-Up and Obstetric Complications of Endometriosis
The causes of obstetric complications due to endometriosis are anatomic and ovulatory
changes induced by ectopic endometrium, increased inflammatory cell responses in peritoneal
fluid, endometrial progesterone resistance and abnormal uterine contractility, disturbance of
embryonic development programming, disorders in implantation and decidualization

mechanisms

26,27

. In studies it has been shown that disorders in the preimplantation period have

an impact on the pathogenesis of progressing gestational weeks . Endometriosis-related
25

obstetric undesirable conditions such as gestational hypertension, preeclampsia, placenta
previa, placental abruption, postpartum hemorrhage, preterm labor, small gestational age
(SGA) and neonatal intensive care unit admission according to gestational age were
investigated in the literature.

25-27

Some rare obstetric complications occur during surveillance of pregnant women with
endometriosis disease. The first one is Spontaneous Hemoperitonium in Pregnancy (SHiP) and
its overall prevalence was detected as 0.4%. The factors of SHiP were determined by Glavind
28

et al. including chronic inflammation of tissues affected by endometriosis, organ involvement
29

of endometriotic lesions, and the presence of pre-existing endometriotic lesions secondary to
progesterone levels in pregnancy. It has been reported that more than 50% of SHiP cases likely
have previous history of endometriosis stage III-IV disease specially conceived artificial
reproductive techniques (ART) treatment which presented severe acute abdominal pain,
hypovolemia, collapse without vaginal bleeding between in the third trimester of pregnancy.
In these cases, it is difficult to identify the source of severe bleeding that is most often situated
in posterior wall of uterus, broad ligaments and in some cases retroperitoneum. Also, these
30

severe bleedings accompanied by adverse maternal morbidities and 31% neonatal death have
been reported . And some adverse perinatal outcomes are comprised stillbirth, cerebral palsy,
31

miscarriage and prematurity. Furthermore, the most important causes of maternal morbidity
are delayed transportation, hysterectomy, adnexectomy and the need for reoperation. In most
32

cases, delivery was performed by cesarean section, and thereby it may be related with
significant blood loss that necessitate extensive transfusion blood and blood products.

30

Spontaneous hemoperitoneum in pregnancy (SHiP) can be seen in more than 50% of
endometriosis cases, especially in patients with stage III-IV endometriosis who were
conceived with IVF treatment, clinical features may be associated with severe acute
abdominal pain, hypovolemia, collapse without vaginal bleeding during the second half of
pregnancy.

In addition, expansion can be observed in approximately 5 to 20% of endometriomas
during pregnancy

28

and a rapidly grown endometrioma is associated with the risk of ovarian

abscess and rupture formation. Also, distant endometriotic lesions such as bladder, umbilicus,
31

cesarean scar and vulva confused on malignancy lesions . Furthermore, acute appendicitis,
33

ureteral rupture, spontaneous pneumothorax and pseudoaneurysm of the thoracic aorta cases
have also been reported depending on the distant location of endometriosis in pregnancy .
33

Moreover, in various case reports, terminal ileum and rectosigmoid colon perforation due to
34

endometriosis have been observed in some patients who complained acute abdominal pain.

35

Maggiore et al. reviewed, 63 cases of uterine pregnancy rupture pregnant women with
endometriosis were identified during pregnancy one of this rupture took place in postpartum
6 weeks.
When the studies related with obstetric and neonatal complications with endometriosis
are examined, Horton et al. systemic review and meta-analysis demonstrated that risk of
abortion due to both adenomyosis and endometriosis (OR: 3.40, 95% CI: 1.41–8.65 and OR:
1.30, 95% CI: 1.25, respectively) –1.35), risk of preterm delivery (OR: 1.38, 95% CI: 1.011.89), cesarean delivery (OR: 1.98% CI: 1.64–2.38) and admission rate to the neonatal unit
after delivery (OR: 1.29, 95% CI: 1.07–1.55) was increased and this increment could

likelihood be linked with obstetric and neonatal complications.

27

Zullo et al. reported their

meta-analysis of 1,924,114 cases that, high rate of preterm delivery (OR: 1.63; 95% CI, 1.322.31), abortion (OR 1.75; 95% CI, 1.29-2.37), placenta previa (OR 3.03; 95% CI, 1.50) –6.13),
SGA (OR 1.27 95% CI, 1.03-1.57) and cesarean delivery (O R 1.57; 95% CI, 1.39–1.78) were
detected with endometriosis compared to the healthy control group. However; no difference
was found incidence of gestational hypertension and preeclampsia in the same study.

36

According to the recent observational study of Chen et al, baseline demographic features of
469 pregnant with surgically diagnosed endometriosis among 52,202 pregnant compared with
women without endometriosis, found that the average age of conception of patients with
endometriosis having a history spontaneous abortion and conceive with assisted reproductive
technology was higher than those without endometriosis . It was found that women with
26

endometriosis demonstrated an increased risk of placenta previa (relative risk [RR], 3.30; 95%
confidence interval [CI], 1.65–5.40) and cesarean delivery (RR, 1.24; 95% CI, 1.10–1.40).

26

Increased preterm delivery, abortion, placenta previa, placental abruption, SGA and cesarean
delivery rates were found in pregnancies with endometriosis.

The limitations of studies are summarized that some of the patients become conceived
with ART in which these pregnancies have specific increased negative maternal and neonatal
outcomes. In addition, most of studies are retrospective, limited sample size, inappropriate
comparison groups, insufficient maternal surgical care and neonatal care by the same center
occurring differences in treatment protocol and quality of care can be named among the other

causes of limitations. On the other hand, another limitation is that the presence of endometriosis
in most of the patients could not be confirmed by diagnostic laparoscopy.
To conclude, various adverse effects such as insufficient uterine contractility due to
progesterone resistance during implantation period and pregnancy as well as endometrial and
systemic inflammatory processes and free radicals leading to endometrial over activity may
occur on women with endometriosis. All these changes in the local endometrial environment
can cause preterm labor, placental detachment, placenta previa, fetal retardation, increased
cesarean delivery and neonatal intensive care unit admission. These findings suggest that
women with endometriosis should receive prenatal counseling and until the counterproof is
found, they must be considered as high risk pregnancy during pregnancy period.

3.Endometriosis and Miscarriage
Approximately 30-50 % of clinical pregnancies end in spontaneous abortion which is
the most common complication of pregnancy.

37

To date, available evidence from

epidemiological studies between endometriosis and spontaneous abortion is scanty and
conflicting.

38

In these studies, it was mentioned that adenomyosis may be a factor that alter the

outcomes due to frequent coexistence of adenomyosis and endometriosis.

28

The changes in humoral and cellular immunity in endometriosis may have negative
effects on fertility through various mechanisms such as ovarian reserve and quality, spermoocyte interaction and implantation.

38, 39

Uterine environment before pregnancy may be a risk

factor for placental bed disorders. The eutopic endometrium in patients with endometriosis may
show abnormal immune, morphological and biochemical changes compared to the

endometrium in normal patients. In obstetric studies, this endometrium has been shown to
cause preterm birth, intrauterine growth retardation and small for gestational age newborns.

40

There are many theories as to why endometriosis contributes to poor obstetric
outcomes. These may include endometrial resistance to progesterone activation, an
inflammatory process at the endometrial and systemic level, inadequate uterine contractions,
and excessive activation in endometrial free radical metabolism.

25, 26, 41-44

Increased macrophage,

cytokine and other immunological mediator concentrations in the abdominal cavity are also
thought to have an embryotoxic effect. It has been reported that cultured endometriotic cells
45

may adversely affect implantation by producing IL-6.

46

Aromatase, an enzyme locally

increased in endometriotic foci, is overexpressed, leading to abnormal biosynthesis of estradiol
(E2). This condition leads to a positive feedback between estrogens and prostaglandins,
increasing the production of inflammatory and proliferative products such as COX-2 and
PGE2. Therefore, endometriosis-related abortions are thought to be due to highly complex
47

immunological processes.

48

In addition to estrogen dependence, genetic, environmental and inflammatory processes
may play an important role in the development of endometriosis.

49

Macrophages play a key

role in regulating the body's immune response in a variety of conditions. In current studies, it
has been shown that macrophages play an important role in the feto-maternal junction during
pregnancy, especially in the inflammatory process. In particular, decidual macrophages that
can communicate and interact with trophoblast cells are likely to contribute significantly to
balancing and regulating trophoblast function.

50, 51

Laminin-1 membrane protein is emerging as the key molecule in embryogenesis,
embryonic implantation and placentation. The presence of IgG anti-laminin-1 antibodies in
49

endometriosis-associated infertility has been demonstrated. These antibodies are thought to
play a role in autoimmune-associated reproductive failure and spontaneous abortions.

51

Spontaneous abortion may be linked to changes in cholesterol and lipopretin metabolism,
which are regulated and transported with apolipoprotein E levels throughout pregnancy. In the
study of Collaza et al., it was investigated whether there is a relationship between
apolipoprotein E genotype (ε2, ε3, ε4) and endometriosis and/or endometriosis-associated
infertility. At the end of the study, although there is no relationship between apoliprotein E
52

genotype and endometriosis, ε2-carrier is 3 times and ε4-carrier is 2 times higher in patients
with endometriosis with at least one abortus.
In addition to studies indicating that the risk of abortion increases
there are also studies indicating the opposite side.

36,37, 39, 47, 59-62

26, 53-58

in endometriosis,

31,068 pregnant patients were

followed in the 12-year cohort study of Aris et al., of which 30,284 as patients without
endometriosis and 784 as patients with endometriosis were registered.

54

In this study,

spontaneous abortion was reported as 2.8% (22/784) in patients with endometriosis and 1.5%
(454 / 30.284) in the control group, and it was stated to be statistically significant. This paper
is the first study to show the effect of endometriosis on spontaneous abortion.

54

In the

retrospective study of Chen et al., the spontaneous abortion rate was 30.1% (141/469) in the
group with endometriosis and 24.7% (12.811 / 51.733) in the group without endometriosis.

26

In the study, no information was given about the relationship between endometriosis stage and
abortion. Kohl Schwartzve et al. reported that patients with ASRM stage 1/2 and superficial

lesions had a higher risk of abortion compared to patients with ASRM stage ¾, endometrioma
and deep infiltrating endometriosis (DIE). The authors claimed that early stage lesions had
56

more inflammatory diseases, which could lead to possible defective folliculogenesis,
fertilization and/or implantation.
Studies investigating the effects of endometriosis on IVF success due to increased risk
of miscarriage could not reach a clear conclusion.

37, 39, 63

Pallacks et al. found significantly higher

risk of spontaneous abortion in patients with surgically diagnosed endometriosis compared to
the control group in 588 fresh embryo-transferred IVF cycles.

63

In contrast, in the study of

Yang et al., the risk of abortion was found similar in the study and control groups (OR 1.143
95% Cl (0.951–1.374), the rates were reported as 225/1006 (with endometriosis) for the study
group and as 405/2012 (without endometriosis) for the control group.

39

In the subgroup

analysis, when the spontaneous abortion risk factors were corrected, it was observed that
endometrioma size or presence did not cause a significant increase in the risk of abortion. In
the study by Benaglia et al., examining IVF patients with 239 endometriosis and 239 without
endometriosis after 12 weeks of gestation, spontaneous abortions were 2 in the study group and
1 in the control group and the results were not statistically significant.

37

There are few studies to report the effect of DIE on pregnancy outcomes.

57, 64,65

Exacoustas

et al. reported that pregnancies resulted in abortion in 21.2% of 52 pregnant women with
rectovaginal DIE (≥ 2 cm in size). There was no difference in terms of miscarriage between
64

IVF-treated women or patients who conceived spontaneously. In a study of 419 women with
endometriosis in which spontaneous abortions were examined according to the location of
endometriosis, the total spontaneous abortion was found to be 87 (20.8%) in patients with

rectovaginal, endometrioma + peritoneal, peritoneal only and endometrioma only.

32

No

significant difference was found between the groups in terms of abortion. In another study, no
significant difference was found between the endometriosis stage and spontaneous abortion.

65

On the contrary, Santulli et al., found higher risk of spontaneous abortion in both endometrioma
and DIE groups compared to the control group.

57

There are several studies on how surgical treatment of endometriosis affects
spontaneous abortion rates.

49, 55, 66-69

There was no significant difference in the risk of abortion

between patients with treated moderate to mild endometriosis and the control group (16.2%
and 23.1% respectively). In another prospective randomized study investigated abortus rates
66

after endometriosis surgery, post-treatment abortion rates did not decrease significantly. In a
67

meta-analysis, there was no difference in terms of the risk of fetal loss between laparoscopic
endometriosis surgery and only diagnostic laparoscopy.

68

Similarly, Gergolet et al. did not

show a significant difference in spontaneous abortion rates before or after metroplasty in
patients with endometriosis. On the contrary, Metzger et al. stated that the rates of abortion
49

decreased from 63% to 0% after laparoscopic treatment of endometriosis.

69

Interestingly,

another result in this study was to decline in abortion rates in the expectant management arm.
In other similar studies, it has been reported that abortion rates decrease after surgical treatment
of endometriosis.

55, 70

As a result, the data in studies on endometriosis and spontaneous abortion are not sufficient.
Nevertheless, pathophysiological mechanisms that play a role on the basis of endometriosis are
considered to be a common risk factor for spontaneous abortion.

Although it is thought that pregnancy outcome may be negatively affected in women with
endometriosis, the data obtained from epidemiological studies do not provide sufficient evidence.

4. Endometriosis and Infertility
Endometriosis is diagnosed in 25-40% of patients presenting infertility. Endometriosis
distrupts tuba-ovarian anatomy and reduces follicular reserve by follicular atresia as a result of
inflammatory reaction triggering oxidative stres and it is known to affect negatively the quality
of oocytes especially in infertile patients. Fecundability rate for healthy couples is 15-20%
71

monthly, but this rate varies as 2-10% in endometriosis. Endometriosis related infertility varies
depending on peritoneal, ovarian or deep infiltrative. When compared to other reasons of
infertility, fertilization, implantation and pregnancy rates during IVF treatment were found to
be lower, especially in stage III/ IV endometriosis cases.

72, 73

There are two different treatment approaches of endometriosis, medical or surgical. It
has not been proven that simply ovarian suppression with medical treatment increases
spontaneous pregnancy rates. However, there are also data about the rising preganancy rates
by the application of IVF after ovarian suppression with oral contraceptives, dienogest 2 mg or
GnRH agonist for 3-6 months.

74

Accordingly, in infertility group associated with

endometriosis, surgery or IVF approaches forms the current treatment options; but there is
controversial data about the superiority to each other.

75

Although lower oocyte yield and higher cycle cancellation rate per cycle are observed
in patients with endometrioma, live birth rate does not differ from patient without
endometrioma. Therefore, the decision of endometrioma surgery previous to IVF must be
76

evaluated according to the degree of pain symptom and the availability of follicle aspiration.

77

In patients without surgery before IVF, progression of endometriosis, increased inflammatory
and oxidative stress, rupture or infection during oocyte pick up procedure, misdiagnosed of
occult malignancy and complications related to pregnancy may be seen. On the other hand,
77

in patient undergoing endometrioma surgery before IVF, surgical complications at the opposite
rate with experience of the surgeon, diminished ovarian reserve, premature ovarian failure and
delay in IVF procedure may increase.

77

Similarly, when ICSI outcomes of infertile patients

undergo to the surgery of endometrioma are compared to endometrioma group without surgery
and endometriosis free group; in patients who underwent endometrioma cystectomy, basal FSH
level was high, the number of antral follicles was low and the total amount of gonadotropin
administered was higher. Withal, total oocyte yield, numbers of MII oocyte and fertilization
78

rate are lower. So it is obvious that in patients who underwent endometrioma cystectomy,
ovarian reserve loss may be higher than the compared groups.

78

Both researches about the decline of follicular reserve after endometrioma surgery and
researches about the complications of pain and infection which may occur during IVF in
patients with endometrioma who are not scheduled for surgery are just a few and evidence level
is not enough.

74, 77

Antibiotic prophylaxis is a rational approach during oocyte pick up procedure

in patients with endometrioma.
Thus, the decision of endometrioma surgery before IVF should be individualized
according to the patient. Conservative approach should be preferred in asymptomatic patients

with advanced maternal age and low ovarian reserve. Similarly, bilateral endometrioma,
accompanied by male factor and history of previous endometriosis surgery are factors to
recommend initially IVF.

75

In the light of current evidencen, the decision of endometrioma surgery before IVF should
be individualized and conservative approach should be preferred in asymptomatic patients
with advanced age, low ovarian reserve or bilateral endometrioma.

Deep infiltrative endometriosis (DIE) is an advanced form that includes 12% of patients
with endometriosis. In DIE cases, highly impaired anatomy due to widespread adhesions
72

effects gamet transportation negatively. Although there are retrospective and prospective
observational studies comparing spontaneous pregnancy rates and IVF pregnancy rates in
groups with and without surgery, there are no prospective randomized controlled studies.

72

There is no sufficient evidence about the positive effect of DIE surgery to IVF success. The
complications of DIE surgery has been reported 9% in retrospective studies and 13% in
prospective observational studies. The most important complications are bowel leakage as 5%
and the second most common intestinal atony.

72

Current data shows that long term clinical

results are satisfactory regardless of complications, but the risks of major complications should
always be considered in DIE surgery which would be performed to increase spontaneous
pregnancy rates and IVF success.

72, 79

There is no prominent difference between the resection

techniques ‘local excision’ or ‘segmental resection’ to increase IVF success in DIE patients
with colon involvement. Minimizing the complication should be the goal when making a
decision what technique to use. Roman et al. reported that ovarian hyperstimulation during
72

IVF may trigger the intestinal occlusion in DIE patients. However, four further clinical studies
80

do not find any relation between IVF / ICSI procedure and endometriosis recurrence.

81, 82

Supporting data for potential benefit of deep infiltrative endometriosis surgery infiltrating
intestinal wall to increase spontaneous pregnancy rate and IVF success is inadequate and
also these type of surgeries will be associated with the risk of major complications.

As a result, although the data regarding DIE surgery success before IVF is weak and
inadequate, the surgical option may be recommended if there is concomitant severe pain and
/or recurrent IVF failure, provided that it is performed in an advanced endometriosis surgery
center after careful evaluation.

5. The Effect of Adenomyosis on Pregnancy
Adenomyosis is defined as the ectopic proliferation of endometrial glands and stroma
in myometrium. This disease affects about 10-20% of women of reproductive age and often
83

occurs with severe dysmenorrhea and / or hypermenorrhea. Studies in the literature reported
84

that adenomyosis affects fertility and increases spontaneous and second trimester abortions.

85,

86

In recent studies, it has been reported that adenomyosis may have an effect on obstetric
and neonatal outcomes. In a meta-analysis about this topic in 2018, Bruun et al. included a
87

88

total of about two and a half million women with adenomyosis and there was a relationship
between adenomyosis and preterm labor (OR: 3.09, 95% CI; 1.88-5.09) and SGA (OR: 3.23,
95% CI; 1.71-6.09), and as a result, the authors reported that women with adenomyosis should

be closely monitored. Mochimaru et al. reported that women with adenomyosis had higher
89

rates of preterm delivery, fetal growth restriction and fetal malpresentation in their pregnancies.
Hashimoto et al. , as previously reported, showed that adenomyosis is associated not only with
86

an increased incidence of preterm labor, but also with second trimester abortion, preeclampsia
and placental invasion anomaly. Yamaguchi et al. showed that adenomyosis is a risk factor
87

for preterm delivery, low birth weight and SGA in their study using data from the Japanese
national birth cohort study. In 2019, Scala et al. showed that the presence of diffuse
90

adenomyosis may be related to SGA and placental dysfunction in their retrospective study
which included 148 endometriosis, 38 focal adenomyosis and 20 diffuse adenomyosis
patients.
It has been reported that adenomyosis can be associated with preterm delivery, SGA,
preeclampsia and placental dysfunction.

Studies investigating the effect of adenomyosis on pregnancy outcomes have given
conflicting results. The problem underlying these contradictory results is that some of the
adenomyosis patients become pregnant with assisted reproductive technologies (ART) and this
ART pregnancies have specific increased negative maternal and neonatal outcomes. To
eliminate this situation, Harada et al. , after adjustment the possible effects of the ART results
91

of the presence of adenomyosis, showed that obstetric complications significantly increased
the prevalence in a prospective cohort study in 2019. In a meta-analysis involving 6 studies on
this subject, only spontaneously conceived adenomyosis patients were included and the authors
stated that adenomyosis had a negative effect on pregnancy outcomes by increasing the
incidence of preterm labor, preeclampsia and SGA.

92

In conclusion, pregnancies of women with adenomyosis are at risk for preterm delivery,
fetal growth restriction, fetal malpresentation, SGA and placental dysfunction. Prenatal followup of pregnant women suffering from adenomyosis is recommended more frequently in order
to prevent negative pregnancy outcomes.
6.References
1.Cummings AM, Metcalf JL. Effect of surgically induced endometriosis on pregnancy and
effect
of pregnancy and lactation on endometriosis in mice. Proc Soc Exp Biol Med 1996; 212: 332337.
2.Endometriosis: Science and Practice 1st. ed. Giudice LC., MD, Evers JLH, Healy DL. WileyBlackwell, 2012.
3. Thomas HH. Conservative treatment of endometriosis. Use of long-acting ovarian steroid
hormones. Obstet Gynecol 1960; 15:498-503.
4. Sanchez-Aranguren LC, Prada CE, Riano-Medina CE, Lopez M. Endothelial dysfunction
and
preeclampsia: role of oxidative stress. Front Physiol 2014; 5:372.
5. Leiserowitz GS, Xing G, Cress R, Brahmbhatt B, Dalrymple JL, Smith LH. Adnexal masses
in
pregnancy: how often are they malignant? Gynecol Oncol 2006; 101:315 –321.
6. Endometriosis Bulletin X, Chapter F. Endometriosis and Cancer. Turkish Endometriosis and
Adenomyosis Society. July 2019
7. Mascilini F, Moruzzi C, Giansiracusa C, et al. Imaging in gynaecological disease (10):
clinical

and ultrasound characteristics of decidualized endometriomas surgically removed during
pregnancy.
Ultrasound Obstet Gynecol 2014; 44:354 –360.
8. Ueda Y, Enomoto T, Miyatake T, Fujita M, Yamamoto R, Kanagawa T, et al. A retrospective
analysis of ovarian endometriosis during pregnancy. Fertil Steril 2010;94:78– 84.
9. Benaglia L, Somigliana E, Calzolari L, Busnelli A, Cardellicchio L, Ragni G, et al. The
vanishing endometrioma: the intriguing impact of pregnancy on small endometrioticovarian
cysts.
Gynecol Endocrinol 2013;29:863– 866.
10. Barbieri M, Somigliana E, Oneda S, Wally Ossola M, Acaia B, Fedele L. Decidualized
ovarian endometriosis in pregnancy: a challenging diagnostic entity. Hum Reprod 2009;
8:1818–
1824.
11. Calorbe G, Goubin-Versini I, Azria E, Abdul-Razak R, Muray J-M. Le deciduose
ectopique:
variabilites depresentation pendant la grossesse et diagnostics differentiels. Gynecol Obstet
Fertil
2012; 40:235– 240.
12. Clement PB. The pathology of endometriosis: a survey of the many faces of a common
disease
emphasizing diagnostic pitfalls and unusual and newly appreciated aspects. Adv Anat Pathol
2007;
14:241–260.

13. Aslam N, Ong C, Woelfer B, Nicolaides K, Jurkovic D. Serum CA125 at 11-14 weeks of
gestation in women with morphologically normal ovaries. BJOG 2000; 107:689– 690.
14. Adusumili S, Hussain HK, Caoili EM, Weadock WJ, Murray JP, Johnson TD, et al. MRI
of
sonographically indeterminate adnexal masses. AJR Am J Roentgenol 2006; 187:732– 740.
15. Mettler FA Jr, Huda W, Yoshizumi TT, Mahesh M. Effective doses in radiology and
diagnostic nuclear medicine: a catalog. Radiology 2008; 248:254– 263.
16. Usui R, Minakami H, Kosuge S, Iwasaki R, Ohwada M, Sato I. A retrospective survey
ofClinical, pathologic, and prognostic features of adnexal masses operated on during
pregnancy. J
Obstet Gynaecol Res 2000; 26:89– 93.
17. Palanivelu C, Rangarajan M, Senthilkumaran S, Parthasarathi R. Safety and efficacy of
laparoscopic surgery in pregnancy: experience of a single institution. J Laparoendosc Adv Surg
Tech
A 2007; 17:186 –190.
18. Rossman F, D’Ablaing G III, Marrs RP. Pregnancy complicated by ruptured endometrioma.
Obstet Gynecol 1983; 62:519 –521.
19. Lyell DJ. Adhesions and perioperative complications of repeat cesarean delivery. Am J
Obstet
Gynecol 2011; 205:11 –18.
20. Khan RN, Hay DP. A clear and present danger: inflammasomes DAMPing down disorders
of
pregnancy. Hum Reprod Update 2015; 21:388 –405.

21. O’Leary SM. Ectopic decidualization causing massive postpartum intraperitoneal
hemorrhage.
Obstet Gynecol 2006; 108:776– 779.
22. Plaisier M. Decidualisation and angiogenesis. Best Pract Res Clin Obstet Gynaecol 2011;
25:259– 271.
23. Erikson DW, Chen JC, Piltonen TT, Conti M, Irwin JC, Giudice LC. Inhibition of
epidermal
growth factor receptor restores decidualization markers in stromal fibroblasts from women with
endometriosis. J Endometriosis 2014; 6:196– 211.
24. Brosens IA, Fusi L, Brosens JJ. Endometriosis is a risk factor for spontaneous
hemoperitoneum during pregnancy. Fertil Steril 2009; 92:1243 –1245.
25. Leone Roberti Maggiore U, Ferrero S, Mangili G, et al. A systematic review on
endometriosis
during pregnancy: diagnosis, misdiagnosis, complications and outcomes. Hum Reprod Update.
2016;22(1):70–103.
26. Chen I, Lalani S, Xie RH, Shen M, Singh SS, Wen SW. Association between surgically
diagnosed endometriosis and adverse pregnancy outcomes. Fertil Steril 2018;109(1):142–147.
27. Horton J, Sterrenburg M, Lane S, Maheshwari A, Li TC, Cheong Y. Reproductive,
obstetric,
and perinatal outcomes of women with adenomyosis and endometriosis: a systematic review
and
meta-analysis. Hum Reprod Update 2019;25(5):592–632.

28. Vigano P, Corti L, Berlanda N. Beyond infertility: obstetrical and postpartum
complications
associated with endometriosis and adenomyosis. Fertil Steril 2015;104(4):802–812.
29. Glavind MT, Møllgaard MV, Iversen ML, Arendt LH, Forman A. Obstetrical outcome in
women with endometriosis including spontaneous hemoperitoneum and bowel perforation: a
systematic review. Best Pract Res Clin Obstet Gynaecol 2018;51:41–52.
30. Brosens IA, Lier MC, Mijatovic V, Habiba M, Benagiano G. Severe spontaneous
hemoperitoneum in pregnancy may be linked to in vitro fertilization in patients with
endometriosis: a
systematic review. Fertil Steril 2016;106(3):692–703.
31. Brosens I, Pijnenborg R, Vercruysse L, Romero R. The "Great Obstetrical Syndromes" are
associated with disorders of deep placentation. Am J Obstet Gynecol 2011;204(3):193–201.
32. Vercellini P, Parazzini F, Pietropaolo G, Cipriani S, Frattaruolo MP, Fedele L. Pregnancy
outcome in women with peritoneal, ovarian and rectovaginal endometriosis: a retrospective
cohort
study. BJOG 2012;119(12):1538–1543.
33. Leone Roberti Maggiore U, Inversetti A, Schimberni M, Viganò P, Giorgione V, Candiani
M.
Obstetrical complications of endometriosis, particularly deep endometriosis [published
correction
appears in Fertil Steril. 2018 May;109 (5):942]. Fertil Steril 2017;108(6):895–912.
34. Nishikawa A, Kondoh E, Hamanishi J, et al. Ileal perforation and massive intestinal

haemorrhage from endometriosis in pregnancy: case report and literature review. Eur J Obstet
Gynecol
Reprod Biol 2013;170(1):20–24.
35. Carneiro MM, Costa LMP, Torres MDG, Gouvea PS, Ávila I. Intestinal Perforation due to
Deep Infiltrating Endometriosis during Pregnancy: Case Report. Rotura intestinal durante a
gravidez
devido a endometriose profunda infiltrativa: relato de caso. Rev Bras Ginecol Obstet
2018;40(4):235–
238.
36. Zullo F, Spagnolo E, Saccone G, et al. Endometriosis and obstetrics complications: a
systematic review and meta-analysis. Fertil Steril. 2017;108(4):667–672.e5.
37. Benaglia L, Candotti G, Papaleo E, et al. Pregnancy outcome in women with endometriosis
achieving pregnancy with IVF. Hum Reprod 2016;31:2730-2736.
38. Tomassetti C, Meuleman C, Pexsters A, et al. Endometriosis, recurrent miscarriage and
implantation failure: is there an immunological link? Reprod Biomed Online 2006 ;13:58-64.
39. Yang P, Wang Y, Wu Z, et al. Risk of miscarriage in women with endometriosis undergoing
IVF fresh cycles: a retrospective cohort study. Reprod Biol Endocrinol 2019;17:21.
40.Benagiano G, Brosens I, Habiba M. Structural and molecular features of the
endomyometrium
in endometriosis and adenomyosis. Hum Reprod Update 2014;20:386–402.
41. Klemmt PA, Carver JG, Kennedy SH, et al. Stromal cells from endometriotic lesions and
endometrium from women with endometriosis have reduced decidualization capacity. Fertil
Steril

2006;85:564-572.
42. Matsuzaki S, Schubert B. Oxidative stress status in normal ovarian cortex surrounding
ovarian
endometriosis. Fertil Steril 2010;93:2431-2432.
43. Stephansson O, Kieler H, Granath F, et al. Endometriosis, assisted reproduction technology,
and risk of adverse pregnancy outcome. Hum Reprod 2009;24:2341-2347.
44. Brosens I, Brosens JJ, Fusi L, et al. Risks of adverse pregnancy outcome in endometriosis.
Fertil Steril 2012;98:30-35.
45. Halme J, Surrey ES. Endometriosis and infertility: the mechanisms involved. Prog Clin
Biol
Res 1990;323:157-178.
46. Punnonen J, Teisala K, Ranta H, et al. Increased levels of interleukin-6 and interleukin-10
in
the peritoneal fluid of patients with endometriosis. Am J Obstet Gynecol 1996;174:1522-1566.
47. Harada T, Taniguchi F, Onishi K, et al. Obstetrical Complications in Women with
Endometriosis: A Cohort Study in Japan. PLoS One 2016;11:e0168476.
48. Hutter S, Heublein S, Knabl J, et al. Macrophages: are they involved in endometriosis,
abortion and preeclampsia and how? J Nippon Med Sch 2013;80:97-103.
49. Gergolet M, Gianaroli L, Kenda Suster N, et al. Possible role of endometriosis in the
aetiology
of spontaneous miscarriage in patients with septate uterus. Reprod Biomed Online
2010;21:581-585.

50. Kokcu A. Possible effects of endometriosis-related immune events on reproductive
function.
Arch Gynecol Obstet 2013;287:1225-1233.
51. Zhang T, De Carolis C, Man GCW, et al. The link between immunity, autoimmunity and
endometriosis: a literature update. Autoimmun Rev 2018;17:945-955.
52. Inagaki J, Kondo A, Lopez LR, et al. Anti-laminin-1 autoantibodies, pregnancy loss and
endometriosis. Clin Dev Immunol 2004;11:261-266.
53. Collazo MS, Porrata-Doria T, Flores I, et al. Apolipoprotein E polymorphisms and
spontaneous pregnancy loss in patients with endometriosis. Mol Hum Reprod 2012;18:372377.
54. Aris A. A 12-year cohort study on adverse pregnancy outcomes in Eastern Townships of
Canada: impact of endometriosis. Gynecol Endocrinol 2014;30:34-37.
55. Naples JD, Batt RE, Sadigh H. Spontaneous abortion rate in patients with endometriosis.
Obstet Gynecol 1981;57:509-512.
56. Kohl Schwartz AS, Wölfler MM, Mitter V, et al. Endometriosis, especially mild disease: a
risk
factor for miscarriages. Fertil Steril 2017;108:806-814.e2.
57. Santulli P, Marcellin L, Menard S, et al. Increased rate of spontaneous miscarriages in
endometriosis-affected women. Hum Reprod 2016;31:1014-1023.
58. Saraswat L, Ayansina DT, Cooper KG, et al. Pregnancy outcomes in women with
endometriosis: a national record linkage study. BJOG 2017;124:444-452.
59. Matorras R1, Rodríguez F, Gutierrez de Terán G, et al. Endometriosis and spontaneous

abortion rate: a cohort study in infertile women. Eur J Obstet Gynecol Reprod Biol
1998;77:101-105.
60. FitzSimmons J, Stahl R, Gocial B, et al. Spontaneous abortion rate and endometriosis. Fertil
Steril 1987;47:696-698.
61. Candiani GB, Danesino V, Gastaldi A, et al. Reproductive and menstrual factors and risk
peritoneal and ovarian endometriosis. Fertil Steril 1987;56:230-234.
62. Leonardi M, Papaleo E, Reschini M, et al. Risk of miscarriage in women with
endometriosis:
insights from in vitro fertilization cycles. Fertil Steril 2016;106:386-392.e3.
63. Pallacks C, Hirchenhain J, Krüssel JS, et al. Endometriosis doubles odds for miscarriage in
patients undergoing IVF or ICSI. Eur J Obstet Gynecol Reprod Biol 2017;213:33-38.
64. Exacoustos C, Lauriola I, Lazzeri L, et al. Complications during pregnancy and delivery in
women

with

untreated rectovaginal

deep infiltrating endometriosis. Fertil Steril

2016;106:11291135.e1.
65. Pittaway DE, Vernon C, Fayez JA. Spontaneous abortions in women with endometriosis.
Fertil Steril 1988;50:711-715.
66. Parazzini F. Ablation of lesions or no treatment in minimal-mild endometriosis in infertile
women: a randomized trial. Gruppo Italiano per lo Studio dell'Endometriosi. Hum Reprod
1999;14:1332-1334.
67. Marcoux S, Maheux R, Bérubé S. Laparoscopic surgery in infertile women with minimal
or

mild endometriosis. Canadian Collaborative Group on Endometriosis. N Engl J Med
199;337:217222.
68. Jacobson TZ, Duffy JM, Barlow D, et al. Laparoscopic surgery for subfertility associated
with
endometriosis. Cochrane Database Syst Rev 2010;(1):CD001398.
69. Metzger DA, Olive DL, Stohs GF, et al. Association of endometriosis and spontaneous
abortion: effect of control group selection. Fertil Steril 1986;45:18-22.
70. Donnez J, Chantraine F, Nisolle M. The efficacy of medical and surgical treatment of
endometriosis-associated infertility: arguments in favour of a medico-surgical aproach. Hum
Reprod
Update 2002;8:89-94.
71. Kitajima M, Dolmans MM, Donnez O, Masuzaki H, Soares M, Donnez J. Enhanced
follicular recruitment and atresia in cortex derived from ovaries with endometriomas. Fertil
Steril
2014;101(4):1031–1037.
72. Iversen ML, Seyer-Hansen M, Forman A. Does surgery for deep infiltrating bowel
endometriosis improve fertility? A systematic review. Acta Obstet Gynecol Scand
2017;96(6):688–693.
73. Barnhart K, Dunsmoor-Su R, Coutifaris C. Effect of endometriosis on in vitro
fertilization. Fertil Steril 2002;77(6):1148–1155.
74. Dunselman GA, Vermeulen N, Becker C, et al. ESHRE guideline: management of
women with endometriosis. Hum Reprod 2014;29(3):400–412.

75. Lessey BA, Gordts S, Donnez O, et al. Ovarian endometriosis and infertility: in vitro
fertilization (IVF) or surgery as the first approach?. Fertil Steril 2018;110(7):1218–1226.
76. Benschop L, Farquhar C, van der Poel N, Heineman MJ. Interventions for women
with endometrioma prior to assisted reproductive technology. Cochrane Database Syst Rev
2010;(11):CD008571.
77. Hamdan M, Dunselman G, Li TC, Cheong Y. The impact of endometrioma on
IVF/ICSI outcomes: a systematic review and meta-analysis. Hum Reprod Update
2015;21(6):809–825.
78. Guler I, Erdem A, Oguz Y, et al. The Impact of laparoscopic surgery of peritoneal
endometriosis and endometrioma on the outcome of ICSI cycles. Syst Biol Reprod Med
2017;63(5):324–330.
79. Riiskjaer M, Greisen S, Glavind-Kristensen M, Kesmodel US, Forman A, SeyerHansen
M. Pelvic organ function before and after laparoscopic bowel resection for
rectosigmoid endometriosis: a prospective, observational study. BJOG 2016;123(8):1360–
1367.
80. Roman H, Puscasiu L, Lempicki M, et al. Colorectal Endometriosis Responsible for
Bowel Occlusion or Subocclusion in Women With Pregnancy Intention: Is the Policy of
Primary in Vitro Fertilization Always Safe?. J Minim Invasive Gynecol 2015;22(6):1059–
1067.
81. Benaglia L, Somigliana E, Santi G, Scarduelli C, Ragni G, Fedele L. IVF and
endometriosis-related symptom progression: insights from a prospective study. Hum Reprod
2011;26(9):2368–2372.
82. Benaglia L, Somigliana E, Vercellini P, et al. The impact of IVF procedures on

endometriosis recurrence. Eur J Obstet Gynecol Reprod Biol 2010;148(1):49–52.
83. Leyendecker G, Wildt L, Mall G. The pathophysiology of endometriosis and adenomyosis:
tissue injury and repair. Arch Gynecol Obstet 2009;280(4):529-538.
84. Di Donato N, Montanari G, Benfenati A, et al. Prevalence of adenomyosis in women
undergoing surgery for endometriosis. Eur J Obstet Gynecol Reprod Biol 2014;181:289-293.
85. Younes G, Tulandi T. Effects of adenomyosis on in vitro fertilization treatment outcomes:
a
meta-analysis. Fertil Steril 2017;108(3):483-490 e483.
86. Hashimoto A, Iriyama T, Sayama S, et al. Adenomyosis and adverse perinatal outcomes:
increased risk of second trimester miscarriage, preeclampsia, and placental malposition. J
Matern Fetal
Neonatal Med 2018;31(3):364-369.
87. Yamaguchi A, Kyozuka H, Fujimori K, et al. Risk of preterm birth, low birthweight and
smallforgestational-age infants in pregnancies with adenomyosis: A cohort study of the Japan
Environment
and Children's Study. Acta Obstet Gynecol Scand 2019;98(3):359-364.
88. Bruun MR, Arendt LH, Forman A, Ramlau-Hansen CH. Endometriosis and adenomyosis
are
associated with increased risk of preterm delivery and a small-for-gestational-age child: a
systematic
review and meta-analysis. Acta Obstet Gynecol Scand 2018;97(9):1073-1090.
89. Mochimaru A, Aoki S, Oba MS, Kurasawa K, Takahashi T, Hirahara F. Adverse pregnancy

outcomes associated with adenomyosis with uterine enlargement. J Obstet Gynaecol Res
2015;41(4):529-533.
90. Scala C, Leone Roberti Maggiore U, Racca A, et al. Influence of adenomyosis on pregnancy
and perinatal outcomes in women with endometriosis. Ultrasound Obstet Gynecol
2018;52(5):666671.
91. Harada T, Taniguchi F, Amano H, et al. Adverse obstetrical outcomes for women with
endometriosis and adenomyosis: A large cohort of the Japan Environment and Children's
Study. PLoS
One 2019;14(8):e0220256.
92. Razavi M, Maleki-Hajiagha A, Sepidarkish M, Rouholamin S, Almasi-Hashiani A,
Rezaeinejad M. Systematic review and meta-analysis of adverse pregnancy outcomes after
uterine
adenomyosis. Int J Gynaecol Obstet 2019;145(2):149-157.

