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Endometriosis: The implantation theory
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Endometriosis: The implantation theory

OMASUP DIE

Three phenotypes
- SUP: Superficial peritoneal endometriosis
- OMA: Ovarian endometrioma
- DIE: Deep infiltrating endometriosis



Endometriosis: The implantation theory

Adenomyosis SUP OMA DIE

SUP: superficial lesion; OMA:  endometrioma; DIE: deep infiltrating endometriosis

- Heterotopic endometrial glands and stroma within myometrium

- Local inflammatory response

- Variable degree of adjacent myometrial hyperplasia



Adenomyosis: Prevalence

Mean age N DIFFUSE 
Adenomyosis

31.5 ± 5.5
(range 17 to 41 years)

292
101 (34.6%)

Chapron et al., Hum Reprod (2017)

Mean age N DIFFUSE  
Adenomyosis

24 years
(range 23-27 years)

156
53 (33.9%)

Pinzauti et al., Ultrasound Obstet Gynecol (2015)
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Adenomyosis:clinical impacts

associated with menorrhagia included fibroids, in particular submucous
fibroids, endometrial polyps, gravidity and BMI. Submucous fibroids
were found to have the strongest association with menorrhagia.

The main strength of our study was that ultrasound rather than hist-
ology was used to diagnose uterine pathology, which helped to reduce

selection bias. This also allowed the inclusion of a relatively large
number of women with a greater range of symptoms and varying
degrees of severity of adenomyosis who are likely, therefore, to be
more representative of the population of women attending gynaecology
clinics. In addition, this was a prospective study with clearly defined inclu-
sion criteria and a standardized approach to the ultrasound examinations
that were all performed by a single highly trained operator using
advanced, modern ultrasound equipment. The use of a subjective assess-
ment of menorrhagia is consistent with recent national guidance (NICE,
2007) for clinicians, while the use of PBACs allowed menstrual loss to be
assessed as a continuous variable, therefore accounting for severity of
menorrhagia. There was a good level of agreement between subjective
and objective assessment of menorrhagia, so we used both methods
to assess the severity of menorrhagia in this study.

There is a lack of consensus in the literature regarding the relationship
between adenomyosis and menorrhagia. This is not surprising bearing in
mind that the majority of studies were retrospective in nature and mainly
included populations of women undergoing hysterectomy.These studies
used differing criteria for the diagnosis of adenomyosis and few of them
attempted to quantify severity of disease. In addition, none of the studies
controlled for the presence of concomitant pathology and their potential
effect on the volume of menstrual loss. Our study has clearly shown that
severity of adenomyosis correlates with the amount of menstrual loss.
The severity of adenomyosis is difficult to express in quantitative terms
as the lesions are often poorly defined and they may be disseminated
throughout different parts of the myometrium. Levgur et al. (2000)
used depth of foci of adenomyosis on histological examination to
assess severity of disease in their retrospective study. While this study
had relatively small numbers and used retrospective case note analysis
to define menorrhagia, it was still able to uncover an association
between severity of adenomyosis and menorrhagia. We think that it is
better to express severity of adenomyosis semi-quantitatively using the
number of different morphological features in an individual woman as
an indirect measure of severity of disease. The recognition that the sever-
ity of a condition is important when assessing clinical impact has already
been adopted in clinical practice when studying the effect of fibroids on

........................................................................................

Table VII Results of univariable analysis looking at
associations between demographic and clinical factors
andthe objectiveassessment ofmenstrual loss (n 5 304).

Variable Category/
term

Ratio (95%CI) P-value

Age
a

Linear term 0.58 (0.30, 1.13) ,0.001
Quadratic term 1.05 (1.00, 1.10)

BMIa – 1.16 (1.01, 1.32) 0.03

Ethnicity Caucasian 1 0.36
Asian 1.18 (0.82, 1.71)
Afro-Caribbean 1.32 (0.95, 1.82)
Oriental 0.97 (0.55, 1.71)
Other 1.39 (0.86, 2.25)

Gravidity 0 1 ,0.001
1 0.69 (0.51, 0.93)
2–3 1.54 (1.13, 2.09)
4+ 1.42 (1.02, 1.97)

Parity 0 1 ,0.001
1 0.93 (0.68, 1.26)
2 2.16 (1.36, 3.43)
3+ 1.57 (1.14, 2.15)

Adenomyosis No 1 0.06
Yes 1.31 (0.99, 1.73)

Any fibroids No 1 ,0.001
Yes 1.70 (1.33, 2.17)

Submucous (SM)
fibroids

No 1 ,0.001
Yes 2.31 (1.64, 3.25)

Fibroids (combined) None 1 ,0.001
Non-SM fibroids 1.35 (1.01, 1.79)
SM fibroids 2.47 (1.74, 3.49)

Polyps No 1 0.01
Yes 1.88 (1.16, 3.04)

aOdds ratios given for 5-unit increase in explanatory variable.

........................................................................................

Table VIII Results of multivariable analysis looking at
associations between demographic and clinical factors
andthe objectiveassessment ofmenstrual loss (n 5 304).

Variable Category Ratio (95% CI) P-value

Gravidity 0 1 ,0.001
1 0.73 (0.55, 0.97)
2–3 1.49 (1.12, 1.99)
4+ 1.55 (1.10, 2.08)

Fibroids (combined) None 1 ,0.001
Non-SMa fibroids 1.33 (1.01, 1.75)
SMa fibroids 2.49 (1.79, 3.48)

Polyps No 1 0.002
Yes 2.02 (1.29, 3.16)

aSubmucous.

Figure 2 The relationship between increasing numbers of ultrasound
features of adenomyosis and objectively assessed menstrual loss by pic-
torial blood loss analysis chart (PBAC; n ¼ 304).
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Live birth rate with crude numbers was reported in three studies
(Chiang et al., 1999; Costello et al., 2011; Youm et al., 2011), with a
Mantel–Haenszel pooled RR of 0.70 (95% CI, 0.56–0.87; I2 ¼ 44.2%,
P ¼ 0.166; Supplementary data, Fig. S5). Martı́nez-Conejero et al.
(2011) reported a live birth rate per cycle of 26.8% (88/328) in the ade-
nomyosis group and of 37.1% (123/331) in the no adenomyosis group.
The difference was statistically significant.

The common RR of clinical pregnancy per patient was 1.05 (95%
CI, 0.75–1.48; I2 ¼ 0.0%, P ¼ 0.698) in the two studies in which a
long protocol was adopted (Mijatovic et al., 2010; Costello et al.,
2011), whereas it was 0.58 (95% CI, 0.38–0.88) after pooling
data from the four studies in which a short GnRH agonist down-
regulation was used (Maubon et al., 2010; Youm et al., 2011;
Salim et al., 2012; Thalluri and Tremellen, 2012; I2 ¼ 64.8%, P ¼
0.036; Fig. 4).

Two studies used MRI for diagnosis (Maubon et al., 2010; Ballester
et al., 2012), with a common RR of clinical pregnancy per patient of
0.40 (95% CI, 0.25–0.64; I2 ¼ 0.0%, P ¼ 0.847). The corresponding
figure after pooling the results of the remaining six studies in which
TVUS was used for diagnosis (Chiang et al., 1999; Mijatovic et al.,
2010; Costello et al., 2011; Youm et al., 2011; Salim et al., 2012; Thalluri
and Tremellen, 2012) was 0.84 (95% CI, 0.68–1.04; I2 ¼ 26.1%, P ¼
0.239; Fig. 5).

We analysed separately prospective and retrospective trials. The
overallRRof clinical pregnancy per patient observed in the four prospect-
ive studies (Chiang et al., 1999; Maubon et al., 2010; Ballester et al., 2012;
Salim et al., 2012) was 0.55 (95% CI, 0.32–0.96; I2 ¼ 54.4%, P ¼ 0.087),
whereas it was 0.84 (95% CI, 0.67–1.06; I2 ¼ 32.0%, P ¼ 0.220) in the
four retrospective ones (Mijatovic et al., 2010; Costello et al., 2011;
Youm et al., 2011; Thalluri and Tremellen, 2012; Fig. 6).

Finally, in a meta-regression model, no association was observed
between prevalence of endometriosis and the likelihood of clinical preg-
nancy. Moreover, when combining the studies by Mijatovic et al. (2010)
and Ballester et al. (2012) in which only women with a concomitant diag-
nosis of endometriosis were included, a clinical pregnancy was achieved
after IVF/ICSI in 15/41 (36.6%) women with adenomyosis and in
58/108 (53.7%) in those without adenomyosis, with a common RR of
0.65 (95% CI, 0.23–1.84; I2 ¼ 76.3%, P ¼ 0.040). On the other hand,
the findings of the two studies with the lower prevalence of concomitant
endometriosis (Salim et al., 2012, 8.0%; Thalluri and Tremellen, 2012,
2.3%) still demonstrated a greatly reduced likelihood of clinical pregnancy
after IVF/ICSI in the adenomyosis group (13/57 ¼ 22.8%) compared
with the no-adenomyosis group (186/431 ¼ 43.2%; common RR,
0.52 (95% CI, 0.32–0.85; I2 ¼ 0.0%, P ¼ 0.908).

Discussion
In the present meta-analysis, adenomyosis was associated with a 28%
(95% CI, 5–45%) reduction in the likelihood of clinical pregnancy in infer-
tile women who underwent IVF/ICSI with autologous oocytes. A similar
detrimental effect was observed when the number of IVF/ICSI cycles
was chosen as denominator (pregnancy rate per cycle). However, the
difference in pregnancy rate between women with or without adeno-
myosis was no longer statistically significant when selecting studies in
which women underwent only one IVF/ICSI cycle. These overall esti-
mates should be considered with caution. Quantitative heterogeneity
among studies was high and, in the general analysis, it was reduced
below the 50% threshold only by excluding the study by Maubon et al.
(2010). However, the upper 95% confidence limit of the resulting
pooled estimate (RR ¼ 0.80) was slightly above unity (1.02).

Figure 2 Forest plot showing individual and combined effect size estimates and 95% confidence intervals (CIs) in studies that evaluated the likelihood of
clinical pregnancy in infertile women with or without adenomyosis undergoing IVF/ICSI. Horizontal lines indicate 95% CIs; boxes show the study-specific
weight; diamond represents combined effect size; dashed line indicates the overall estimate.
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Mean age N DIFFUSE  Adenomyosis

24 years
(range 23-27 years)

156
53 (33.9%)

Pinzauti et al., Ultrasound Obstet Gynecol (2015)

Mean age N
DIFFUSE 

Adenomyosis

31.5 ± 5.5
(range 17 to 41 years)

292
101 (34.6%)

Chapron et al., Hum Reprod (2017)

Vercelllini et al., 
Human Reprod

(2014)

histological findings, the use of TVS examination is part of
clinical practice for a noninvasive diagnosis of adenomyo-
sis.8,32,33 Therefore, TVS is low cost and high accurate method
for the diagnosis of adenomyosis, using MRI when transvagi-
nal ultrasound is inconclusive.8

We found in the present study that the incidence of adeno-
myosis in DIE is in the same order with Naftalin et al showing
by TVS a strong association (40%) between adenomyosis and
endometriosis35 and underlying the crucial role of the transva-
ginal examination in the pretherapeutical assessment. In our
study, the TVS diagnosis of adenomyosis was also well corre-
lated with pain and abnormal uterine bleeding, thus supporting
the hypothesis of a possible common pathogenesis and clinics
of the 2 diseases. The most common hypothesis for the patho-
genesis of adenomyosis includes that endometrial stroma, in
direct contact with the underlying myometrium, invaginates
or invades a structurally weakened myometrium during periods
of regeneration, healing, and/or reepithelization.36-38 Mechan-
ical damage to and/or physical disruption of the endometrial–
myometrial interface may be due to dysfunctional uterine
hyperperistalsis and/or dysfunctional contractility of the suben-
dometrial myometrium. Dislocation of basal endometrium also
results in endometriosis through retrograde menstruation.39

The common symptoms and signs associated with adeno-
myosis are dysmenorrhea and dyspareunia.38,40 In our study,
dysmenorrhea and dyspareunia were found significantly higher

Figure 2. Visual analog scale score for dysmenorrhea and dyspareunia before surgery (A) and 3 to 6 months after surgical treatment (B) in
groups A and B; P < .05 was considered statistically significant.

Figure 3. Pictorial blood loss assessment chart score (mean + SD)
before surgery and 3 or 6 months after treatment in groups A and
B; P < .05 was considered statistically significant.
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Endometriosis and adenomyosis: Relationship

Osis patients’ 
phenotype

N DIFFUSE
Adenomyosis

FOCAL
Adenomyosis

Controls 55 20 (36.4%) 3 (5.4%)
Endometriosis 237 81 (34.2%) 119 (50.2%)

SUP 40 8 (20.0%) 3 (7.5%)
OMA 31 14 (45.2%) 6 (19.3%)
DIE 166 59 (35.5%) 110 (66.3%)

Chapron et al., Hum Reprod (2017)



Rethinking endometriosis diagnosis
Questionning

TVUS TRUS MRI

Imaging

SUP OMA DIE

Endometriosis phenotypes

Patients with a high 
risk of endometriosis AdOsis

Chapron C et al., Nat Rev Endocrinol (2019) 

+  cartography



The shift towards clinical diagnosis

“Moving from a histological to a clinical definition opens the door 
to an approach that emphasizes symptoms and their origins.”

Endometriosis phenotypes

Surgical diagnosis

Histology

Questionning

Imaging

SUP AdOsisDIEOMA

Sir W Osler
(1849-1919) 

Listen to your patient,
he is telling you the diagnosis

Chapron C et al., Nat Rev Endocrinol (2019) 



Dysmenorrhea is a common symptom that has several pos-
sible causes besides endometriosis, but the presence of endo-
metriosis aggravates its prevalence and severity.16 As regards
women with SUP, a possible confounder element is that some
of them may have hidden deep infiltrating endometriosis that
is sometimes undiagnosed and could be the main cause of
pain.6 In the present study, we found consistent indicators that
the presence of isolated SUP is specifically related to the se-
verity of dysmenorrhea. The SUP group had a significantly
higher pain score for dysmenorrhea, a much greater propor-
tion of moderate to severe pain, and a higher frequency of
school absenteeism and faint during menstruation. The SUP
group also was more likely to have used OCP to treat severe
dysmenorrhea in the past. Importantly, the association of SUP
and dysmenorrhea remained significant in the sensitivity anal-
ysis excluding patients with uterine fibroids, and, as previous-
ly reported,1 the prevalence of adenomyosis was not increased
in the SUP group. The mechanisms that generate menstrual
pain in women with SUP are multiple and include increased
inflammatory cytokines in the peritoneal fluid, oxidative
stress, neoformed peritoneal nerve fibers, and intrauterine
hyperalgesia.17, 18 We found no association of SUP with
late-onset dysmenorrhea, which was confirmed in the second-
ary analysis excluding cases of uterine fibroids, another con-
dition that may cause this symptom.19 Taken together, our
finding suggests that SUP is associated with early-onset rather

than late-onset amenorrhea and therefore isolated SUPmay be
a symptomatic condition since the first post-menarche years.

We also found an increased risk of deep dyspareunia among
women with isolated SUP. The pathogenic mechanisms of this
symptom are not totally clear,17 but some hypotheses include
the presence of superficial lesions in the pouch of Douglas and,
with chronification of the disease, the appearance of nocicep-
tive pain, neuropathic pain, and central sensitization.18 Such
abnormal nociceptivemechanisms arise from peritoneal inflam-
mation with macrophage activation and nerve fiber growth,
followed by a decreased pain threshold.17, 20

The finding of lower BMI in the SUP group reinforces this
association that has been widely observed in women with
endometriosis in general.21, 22 Despite extensive investigation,
it remains unknown whether endometriosis is a cause, a con-
sequence, or an epiphenomenon of low body mass and/or low
body fat. The hypothesis that overweight protects against en-
dometriosis due to oligo-amenorrhea and hyperandrogenism22

is not supported by our data, as both SUP and control groups
were predominantly in the normal BMI range.

The main strengths of this study are the following: (i) the
large number of exclusive SUP cases and parallel controls,
which is the largest ever published and allowed us to have
sufficient statistical power to detect subtle differences in
symptom frequency between groups; (ii) the direct and stan-
dardized data acquisition through a validated questionnaire;

Table 1 (continued)

Variable All patients
(n = 1495)

Superficial
endometriosis
(n = 203)

Endometriosis free
(n = 1292)

P
value

Current user 342 (23.1%) 52 (25.7%) 290 (22.6%)

Progestins except OCP, current user (n, %) 169 (10.7%) 17 (8.4%) 146 (11.3%) 0.262

GnRH agonist, current user (n, %) 230 (15.4%) 13 (6.4%) 217 (16.8%) 0.000

Serum CA-125 (IU/mL) 19.5 ± 20.8 15.5 ± 10.1 20.2 ± 22.2 0.067

Serum AMH (ng/mL) 4.0 ± 3.4 3.7 ± 3.2 4.1 ± 3.4 0.565

Data are presented as mean ± standard deviation (SD) or number (percent) of subjects for continuous and categorical variables, respectively. aMedian
(quartiles). OCP, oral contraceptive pill; AMH, antimüllerian hormone

Table 2 Association of
superficial peritoneal
endometriosis (SUP) with prima-
ry infertility and painful
symptoms

Dependent variable Prevalence in the
SUP group
(n = 203)

Prevalence in the
control group
(n = 1292)

Crude
prevalence ratio
(95% CI)

Adjusted
prevalence ratio
(95% CI)

Primary infertility 67/202 (33%) 236/1292 (18%) 1.82 (1.45–2.28) 1.83 (1.46–2.24)

Dysmenorrhea
(moderate or
severe)

164/203 (81%) 720/1286 (56%) 1.44 (1.33–1.57) 1.43 (1.31–1.52)

Deep dyspareunia
(moderate or
severe)

92/198 (47%) 369/1234 (30%) 1.55 (1.31–1.85) 1.50 (1.25–1.75)

The prevalence ratios were adjusted for age, body mass index, and smoking habits

Reprod. Sci.

Reis - Chapron et al., Reprod Sci (2020)

Isolated Superficial Endometriosis



Endometriosis and infertility:
Conservative versus surgical management in DIE

resection for a full-thickness detrusor nodule in 1. No
severe intraoperative complication occurred. Postoper-
atively, a left ureteroperitoneal fistula with urinary
extravasation developed in a woman who underwent
extensive ureterolysis because of dense fibrosis. A dou-
ble-J catheter was placed cystoscopically, and the lesion
healed without further interventions. Another 5 subjects
(5/44, 11%) developed febrile morbidity, which sub-
sided after antibiotic treatment. Three subjects, 2 of
whom underwent bowel resection, experienced severe,
long-standing neurogenic constipation, which in 1 case
has not yet been relieved. Neurogenic hypotonic bladder
dysfunction subsided spontaneously in 1 woman after
1 month of medical therapy.

During the follow-up period, 2 patients in the con-
servative surgery group underwent reoperation by lap-
aroscopy for ovarian endometriotic cysts, 1 requested a
definitive intervention because of excruciating pain not
responding to medical treatment, 2 decided on long-
term progestins therapy, and 2 chose IVF-ET. Three
women in the expectant management group underwent
laparoscopy for ovarian endometrioma excision without
removal of the rectovaginal plaque, 2 requested radical
conservative surgery at laparotomy because of severe
pain symptoms, 2 decided on long-term progestin ther-
apy, and 3 chose IVF-ET. One subject in each group
dropped out of the study because of relocation to
another city and another one in the expectant manage-
ment group was lost to further contacts. Among the 44
women who had resection of rectovaginal endometrio-
sis, 15 became pregnant, as compared with 22 of the 61
women who choose expectant management. The 12-
month cumulative probability of conception was 20.5%
in the former group and 34.7% in the latter (log-rank

test, c2
1 = 2.41; P = .12). Corresponding figures at 24-

month survival analysis were, respectively, 44.9% and
46.8% (log-rank test, c2

1 = 0.75; P = .38) with no sig-
nificant difference in time to conception (Figure 1). Ad-
ditional infertility treatments were used by 13 women in
the conservative surgery group (clomiphene citrate with
timed intrauterine insemination, 9; controlled ovarian
hyperstimulation with intramuscular gonadotropins
and timed intrauterine insemination, 4) and by 19 in
the expectant management group (clomiphene citrate
alone, 4; clomiphene citrate with timed intrauterine in-
semination, 10; controlled ovarian hyperstimulation
with intramuscular gonadotropins and timed intrauter-
ine insemination, 5).

Pain-free survival analysis is shown in Figure 2. With
the exception of nonmenstrual pain, a statistically signif-
icant difference in time to moderate or severe pain expe-
rience in favor of the surgery group was observed in all
symptoms. The benefit of surgery was particularly evi-
dent with regard to deep dyspareunia and dyschezia.

Dysmenorrhea was the most frequent type of pain re-
ported. The 12-month cumulative proportion of subjects
free from moderate or severe dysmenorrhea was 59.8%
in the surgery group compared with 34.6% in the expec-
tant management group. Corresponding figures at
24 months were, respectively, 38.9% and 24.5% (log-
rank test, c2

1 = 10.81; P = .001). At the same time
points, the cumulative proportions of women free
from moderate or severe deep dyspareunia were, respec-
tively, 86.2% and 72.9% in the surgery group compared
with 57.1% and 48.2% in the expectant management
group (log-rank test, c2

1 = 10.74; P= .001). The cumu-
lative proportions of patients free from dyschezia at
12 and 24 moths were, respectively, 86.3% and 78.1%
in the surgery group versus 65.3% and 57.4% in the
expectant management group (log-rank test, c2

1 = 7.10;
P = .008). No significant between-group difference was
observed in nonmenstrual pain-free survival time.

The mean G SD number of naproxen sodium tablets
used each month throughout the study period was 2.3 G
1.5 in the conservative surgery group and 5.4 G 3.3
in the expectant management group (mean difference,
3.1; 95% CI, 2.0-4.2; P ! .001), and the mean G SD
monthly number of days on analgesics was, respectively,
1.6 G 1.1 and 3.5 G 2.6 (mean difference, 1.9; 95% CI,
1.1-2.7; P ! .001, unpaired t test).

The volume of endometriotic plaques was not ob-
served to increase significantly at transrectal ultraso-
nography in women undergoing expectant management
throughout the study period.

Comment

Rectovaginal endometriosis is a benign condition with
limited tendency to progress.14 Hence, the decision to
undergo conservative surgery should be undertaken in

Figure 1 Cumulative 24-month probability of becoming
pregnant in 105 infertile women with rectovaginal endometri-
osis according to the treatment modality adopted: (dashed
line) radical conservative surgery at laparotomy (n = 44);
(solid line) expectant management (n = 61) (log rank test,
c2

1 = 0.75; P = .38).

1306 Vercellini et al

N = 105 infertile women with RV-DIE
Follow up 24 months

Expectant Management
22/61 (36%)

Surgical Management
15/44 (34%)

Vercellini et al., AJOG (2006)
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Endometriosis and infertility:
Conservative versus surgical management in DIE

We found excessive bleeding to be the most common de-
livery complication. Especially considering the cesarean de-
liveries, the rate of postpartum hemorrhage was high and
occurred in more than one-third in both groups. In contrast,
a previous large Danish cohort study (21) and a systematic re-
view and meta-analysis (23) found no association between
endometriosis and postpartum hemorrhage (defined as
bleeding >500 mL). Moreover, the postpartum hemorrhage
in women with RVE or DE was not increased in either a recent
retrospective study (29) or case-control study (30). A retro-
spective cohort study examined obstetric hemorrhage after
assisted reproductive therapies and found an elevated risk
among a subgroup of women with endometriosis (31). In
our study, the high rate of bleeding could be associated in
part with appearance of placenta previa or retained placenta
after delivery, both known to cause excessive bleeding. To
date, however, we found no studies with histopathologic ev-
idence of the extent of defective placentation in women with
endometriosis. Moreover, the amount of bleeding is very diffi-
cult to measure exactly and has rarely been reported in other

studies. Therefore, the impact of endometriosis on postpartum
hemorrhage needs further research.

The cesarean delivery rate approached 50% in both our
treatment groups. This is a high figure compared to the
Finnish national cesarean delivery rate of 16% to 17% in
recent years (www.thl.fi). The finding is in line with a Danish
cohort study (21) and with two systematic reviews (23, 32) on
all types of endometriosis. In studies concerning RVE, Vercel-
lini et al. (24) found the cesarean delivery rate to be highest
(42.9%) in women with RVE compared with other types of
endometriosis; by contrast, Nirgianakis et al. (30) suggested
similar rates of successful vaginal delivery in women with
history of laparoscopically treated DE compared with women
without endometriosis.

In Finland, most common indications for elective cesar-
ean delivery are breech presentation (19.2%) and fear of
childbirth (9.2%) (33). In our study, placenta previa was over-
represented as an indication for elective cesarean delivery, as
to be expected. However, in the emergency cesarean deliv-
eries, the most common indications—fetal distress and failure

FIGURE 2

Cumulative live birth rate (LBR) according to the follow-up time in women with rectovaginal endometriosis. Left: Women treated conservatively
(CONS) or operatively (OPER). Right: Women treated operatively with rectovaginal resection (RVR) or with concomitant bowel resection (BR).
Tuominen. RVE and pregnancy outcome. Fertil Steril 2020.
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Endometriosis and infertility:
Conservative versus surgical management in DIETABLE 2

Outcomes of pregnancy and the first delivery of the women with rectovaginal endometriosis treated either conservatively or operatively.

Outcome

CONS (n [ 183) OPER (n [ 360)

OR (95% CI)n % N %

MAR during follow-up 89/183 48.6 149/360 41.4 1.34 (0.94–1.92)
CPR

Total 102/183 55.7 181/360 50.3 1.25 (0.87–1.78)
Spontaneous 37/102 36.3 92/181 50.8 0.55 (0.34–0.91)

LBRa

Total 87/183 47.5 153/360 42.5 1.23 (0.86–1.75)
Spontaneous 34/87 39.1 82/153 53.6 0.56 (0.33–0.95)

Time to delivery (y), median (IQR) 2.2 (2.3) 2.4 (2.3) !0.11 (!0.29 to 0.06)
Follow–up time (y), mean " SD 4.9 " 3.3 5.6 " 3.6 !0.74 (!1.36 to !0.11)
Pregnancy complications

Women with complication(s) 46/88 52.3 89/155 57.4 0.81 (0.48–1.37)
Preterm birth <37 wk 13/86 15.1 30/150 20.0 0.71 (0.35–1.45)
Preterm birth <32 wk 0/88 — 6/148 4.1 —
Gestational hypertension 2/88 2.3 9/155 5.8 0.41 (0.09–2.00)
Preeclampsia 6/88 6.8 11/155 7.1 1.09 (0.38–3.17)
Placenta previa 8/88 9.1 19/155 12.3 0.80 (0.32–1.99)
Gestational diabetes 14/88 15.9 12/155 7.7 2.90 (1.21–6.96)
Unspecified abdominal pain 6/88 6.8 16/155 10.3 0.70 (0.25–1.94)
Unspecified vaginal bleeding 7/88 8.0 9/155 5.8 1.64 (0.57–4.73)
Preterm contractions and term

delivery
3/88 3.4 5/155 3.2 1.20 (0.27–5.26)

Placental abruption 1/88 1.1 2/155 1.3 0.99 (0.09–11.20)
Stillbirth 1/88 1.1 2/155 1.3 0.99 (0.09–11.20)
Otherb 7/88 8.0 16/155 10.3 0.84 (0.32–2.22)

Mode of delivery
Vaginal

Total 48/88 54.5 79/155 51.0 1.15 (0.68–1.96)
Operative 9/88 10.2 14/155 9.0 1.07 (0.42–2.71)

Cesarean
Total 40/88 45.5 76/155 49.0 0.87 (0.51–1.46)
Emergency 28/87 32.2 53/154 34.4 0.95 (0.40–2.23)

Delivery complications
Vaginal

Women with complication(s) 10/48 20.8 23/79 29.1 0.64 (0.27–1.50)
Bleeding >500 mL 8/45 17.8 19/70 27.1 0.84 (0.13–5.56)
Manual evacuation of the

placenta
2/48 4.2 5/79 6.3 0.90 (0.14–5.66)

Perineal rupture grade III 1/48 2.1 1/79 1.3 2.44 (0.14–43.47)
Otherc 0/48 — 2/79 2.5 —

Caesarean section
Women with complication/s 18/40 45.0 40/76 52.6 0.72 (0.33–1.55)
Bleeding >1,000 mL 12/35 34.3 29/74 39.1 0.83 (0.25–2.72)
Severe adhesions 4/40 10.0 16/76 21.1 1.25 (0.29–5.37)
Difficulty delivering the

neonate
6/40 15.0 5/76 6.6 3.60 (0.93–13.95)

Urinary bladder laceration 2/40 5.0 2/76 2.6 2.44 (0.32–18.83)
Uterine rupture 1/40 2.5 1/76 1.3 2.35 (0.14–39.84)
Relaparotomyd 1/40 2.5 3/76 3.9 0.75 (0.07–7.69)
Othere 5/40 12.5 7/76 9.2 1.87 (0.50–6.95)

Note: Data presented as n/n of women with available data (unless stated otherwise); individual follow-up period starting from index day until the end of year 2016, first delivery, or moving outside
the hospital district without responding the questionnaire. CI ¼ confidence interval; CONS¼ conservatively; CPR ¼ clinical pregnancy rate; LBR ¼ live birth rate; IQR ¼ interquartile range; MAR¼
medically assisted reproduction; OPER ¼ operatively; OR ¼ odds ratio; SD ¼ standard deviation.
a This does not include stillbirth deliveries: CONS n ¼ 1; OPER n ¼ 2.
b Hyperemesis (OPER n ¼ 3), diagnosed/suspected fetal anomaly (CONS n ¼ 1, OPER n ¼ 3), intrauterine growth retardation (CONS n ¼ 1, OPER n ¼ 1 ), fetal macrosomia (OPER n ¼ 1), oligo/
polyhydramnion (CONS n¼ 1, OPER n¼ 4), fetal transverse presentation (CONS n¼ 2, OPER n¼ 1), fear of childbirth (OPER n¼ 1), hepatosteatosis (CONS n¼ 1), minor abdominal trauma during
pregnancy (CONS n ¼ 1), hypothyreosis after autoimmune thyroiditis (OPER n ¼ 1), Non-Hodgkin’s lymphoma diagnosed during pregnancy (OPER n ¼ 1).
c Abnormal pain during delivery regardless of effective epidural/spinal analgesia (OPER n ¼ 2).
d Two relaparotomies (OPER) were performed due to immediate postoperative hemorrhage, and the other needed further embolization. One relaparotomy (CONS) was performed due to post-
operative infection 23 days after cesarean delivery, and 48 days afterward further hysterectomy was performed.
e Difficult hemostasis because of oozing (OPER n ¼ 3), difficulties delivering the placenta (CONS n ¼ 1, OPER n ¼ 1), uterine atony without bleeding >1,000 mL (CONS n ¼ 2, OPER n ¼ 1), peri-
operative diagnosis of placenta accreta resulting in hysterectomy (OPER n ¼ 1), postoperative Sheehan’s syndrome (OPER n ¼ 1), and postoperative infection demanding hospitalization
(CONS n ¼ 2).
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OMA: Determinant for painful symptoms severity
(Multiple logistic regression analysis) 

(iii) Perineural and intraneural invasion by endometriotic lesions was
observed only in DIE lesions and not in the others forms of endomet-
riosis (SUP, OMA) (Anaf et al., 2002). This is essential because

percentages of nerves encapsulation within endometriotic lesions to-
gether with perineural and intraneural invasion were correlated to
the intensity of preoperative pain scores (Anaf et al., 2000); (iv) DIE
lesions contain significantly more mast cells in close relationship with
nerves than ovarian endometriosis (Anaf et al., 2006); (v) For patients
presenting with DIE lesions, nerve fibres density was correlated with
DIE nodule location. The density of nerve fibres was significantly
higher in intestinal DIE than in DIE from other sites (Wang et al.,
2009a,b). In intestinal DIE, endometriotic lesions infiltrate the large
bowel wall with predilection around the nerves, even at a distance
from the palpated nodule (Anaf et al., 2004). These histological obser-
vations concur with our clinical observation after multivariate analysis
that intestinal DIE is an independent factor for severe pain symptoms
in cases of dysmenorrhoea and gastrointestinal symptoms (Table VI).

Our findings have clinical implications that are of prime importance
in daily practice. Severely painful OMAs should not be considered as ‘a
simple OMA’ but rather as ‘OMA associated with DIE lesions’. OMA
is well known by all gynaecologists and diagnosed with simple TVUS
(Brosens et al., 2004), but this is not the case of DIE, which are not
easily diagnosed, except in few referral centres. Underestimation of
the DIE extension prior to surgery is one main reason explaining
why surgery is often incomplete (Chapron et al., 2009), which leads
to repetitive operative procedures (Fedele et al., 2005; Vignali et al.,
2005). In this series 112 patients (37.3%) have a previous surgery
for endometriosis. The prevalence of DIE lesions in patients with pre-
vious surgery is higher than in patients without previous surgery
(P , 0.001), corresponding to an increase risk of ‘recurrence’ in
cases of DIE, probably due to an underestimation of the extent of
the disease at the time of the previous intervention(s). A severely
painful OMA constitutes an indication for searching possibly associated
DIE lesions. In this context, TVUS must be the first-line imaging
process (Abrao et al., 2007; Bazot et al., 2007; Piketty et al., 2009).
According to the TVUS results performed at first intention, addition
of magnetic resonance imaging, transrectal ultrasonography or multi-
slice computerized tomography may be indicated (Piketty et al.,
2009). Multifocality of DIE lesions (Chapron et al., 2006) justifies a
multidisciplinary approach for patients with severely painful OMA.

In conclusion, numerous immunohistochemical results demonstrate
clearly that OMA should be considered as a painful endometriotic
lesion. In the context of OMA, existence of severe pelvic pain
however is in favour of associated DIE lesions. In cases of severely
painful OMA, the endometriosis as such should be considered as
severe. Severely painful OMA is an indication for undertaking a
proper non-invasive imaging work-up in order to look for associated
DIE lesions. The objective is to preoperatively determine the exact
nature, location and extension of associated endometriotic lesions
so that the patient can understand and consent to the planned surgical
treatment strategy.
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Table V Relationship between painful symptoms and
number of DIE nodules.

Painful
symptoms

DIE

1 lesions
(n 5 23)

≥2 lesions
(n 5 98)

P

DMa 7.6+1.6 7.9+2.0 0.518b

DPa 4.5+3.5 5.4+3.1 0.246b

NCCPPa 4.3+3.4 3.7+3.0 0.406b

GISa 3.9+3.5 6.4+2.9 ,0.001b

LUSa 1.1+3.0 1.5+2.7 0.559b

DM severe
(VAS ≥ 7)c

16 (69.6%) 82 (83.7%) 0.142d

DP severe
(VAS ≥ 7)c

8 (38.1%) 39 (40.2%) 0.858e

NCCPP severe
(VAS ≥ 7)c

7 (30.4%) 19 (19.4%) 0.265d

GIS severe
(VAS ≥ 7)c

7 (30.4%) 52 (53.1%) 0.051e

LUS severe
(VAS ≥ 7)c

3 (13.0%) 8 (8.2%) 0.436d

DIE, deeply infiltrating endometriosis; DM, dysmenorrhoea; DP, deep dyspareunia;
NCCPP, non-cyclic chronic pelvic pain; GIS, gastrointestinal symptoms; LUS, lower
urinary tract symptoms.
aData are presented as mean+ standard deviation.
bStudent’s t-test.
cData are presented as n (%).
dFisher’s exact test.
ePearson’s x2 test.

........................................................................................

Table VI Determinants for severity of painful
symptoms results from multiple logistic regression
analysis.

Independent Variable expressed as OR (95%IC)

Dysmenorrhoea Main DIE lesion: intestinea 5.2 (2.7–10.3)
Bilateral endometrioma 2.8 (1.4–5.6)

Deep dyspareunia Main DIE lesion: USLa 2.0 (1.1–3.5)

Non-cyclic chronic pelvic
pain

Main DIE lesion: USLa 2.1 (1.1–4.3)
Left sided endometrioma 3.5 (1.7–7.1)
Previous surgeries for
endometriosis

2.2 (1.1–4.5)

Gastrointestinal
symptoms

Main DIE lesion: intestinea 7.1 (3.3–15.3)

LU symptoms Main DIE lesion: vaginaa 13.4 (3.2–55.8)
Hematuria 10.0 (1.3–77.6)

DIE, deeply infiltrating endometriosis; USL, uterosacral ligament(s).
aAccording to a previously published surgical classification for DIE by Chapron et al.
(2006).
All P , 0.05.
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Endometriosis and Pelvic Pain
Osis WITH

chronic pain
Osis WITHOUT 

chronic pain
p

N = 248 N = 224

Endometrioma 114 (46%) 126 (56%) 0.032

Leuenberger et al., Eur J Pain (2022)



Deeply infiltrating endometriosis
Results according to the presence of OMA (n = 500 patients)

Main DIE lesion R OR 95% CI p - value

USL 0.118 - - NS
Vagina 5.98 1.70 1.1 - 2.6 .014
Bladder 0.137 - - NS
Intestine 34.5 3.59 2.3 - 5.6 < 0.0001
Ureter 8.6 3.91 1.4 – 10.’ .003

Chapron et al., Fertil Steril (2009)



Deeply infiltrating endometriosis
Results according to the presence of OMA (n = 500 patients)

OMA : No OMA : Yes p - value

Mean number of DIE lesions 1.64 ± 1.0 2.51 ± 1.72 < 0.0001

rAFS scores

Implants 6.7 ± 4.9 28.1 ± 10.1 < 0.0001

Adhesions 16.5 ± 23.7 36.2 ± 28.7 < 0.0001

Total 23.6 ± 25.7 65.6 ± 33.1 < 0.0001
Chapron et al., Fertil Steril (2009)
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OMA:Spontaneous ovulation rate (n = 244)

Maggiore et al.,  Hum Reprod (2015)

(such as history of pelvic inflammatory disease) and their male partners
had normal semen analysis. In addition, it is relevant that there was no
significant difference in the side of ovulation (healthy or affected ovary)
when the patients conceived. These findings should be considered
when choosing the best treatment of endometriomas in women desiring
to conceive. The high spontaneous pregnancy rate observed in the
current study suggests that surgery should not be routinely offered to
women with endometriomas without history of infertility with the aim
to improve fertility. These patients should try to spontaneously conceive,
particularly if they have no risk factor for tubal disease and if their male
partners have normal semen analysis. Recently, the ESHRE guideline
on the ‘Management of women with endometriosis’ suggests that in
case of single ovarian endometriotic cysts with diameter between 3
and 6 cm, surgery may be not useful before ART (ESHRE, 2013). The
findings of the current study suggest that surgery may not be required
in patients without a history of infertility desiring to conceive. The avail-
ability of histological confirmation of endometrioma diagnosis, the im-
provement of endometriosis-related pain, lysis of adhesions and tubal

patency evaluation may be points in favour of laparoscopic treatment
of endometriomas. However, patients without a history of infertility
undergoing surgery because of endometriomas should be informed on
the risk of ovarian function damage (Raffi et al., 2012; Somigliana et al.,
2012) and ovary loss (Busacca et al., 2006) and of the lack of improved
clinical pregnancy rate in case of ART (Hart et al., 2008; Benschop
et al., 2010; ESHRE, 2013).

Another finding of this study was that, during the 6-month study
period, there was an increase in the volume of endometriomas. This ob-
servation suggests that endometriomas size may progress and surgery
may be considered in patients who do not conceive after a reasonable
period of time (between 6 and 12 months). While it is well known that
hormonal treatments decrease the size of endometriomas (Donnez
et al., 1989; Ferrero et al., 2013), no data are available on the changes
in the size of endometriomas during long-term follow-up of patients
who do not use hormonal therapies and did not undergo previous
surgery.

Unfortunately, in the current study we did not investigate the size of
the endometriomas during pregnancy. A retrospective study analysed
the changes in the size of endometrioma during pregnancy showing
that among 25 ovarian endometriotic lesions observed in 24 women
(one patient had two lesions), the size of the cyst decreased in 13
cases (52%), did not modify in 7 cases (28%), and increased in 5 cases
(20%) (Ueda et al., 2010). More recently, a prospective cohort study
including 24 women carrying endometriomas at the time of in vitro
fertilization who got pregnant, demonstrated that a consistent propor-
tion of small cysts (mean diameter of all cysts ,20 mm) becomes un-
detectable after delivery. In fact, 12–18 months after oocyte retrieval,
the number of cysts per patient was unchanged in 8 cases (33%),
increased in 2 cases (8%) and decreased in 14 cases (59%). In 11 of
these latter cases (46% of the total), no endometrioma could be
detected (Benaglia et al., 2013).

Another limitation of this study is the lack of evaluation of the presence
of adhesions and of ovarian mobility. Adhesions are a typical manifest-
ation of endometriosis and in patients affected by endometriomas they
may develop among the cyst, pelvic wall, bowel and uterus. The most
accepted classification of the disease, the revised American Society of
Reproductive Medicine Classification, rASRM, underlines the relevant
role of adhesions in endometriosis; in fact, their presence significantly
influences the total score. It should be considered that rASRM is part
of the Endometriosis Fertility Index, a classification, which has been
demonstrated to estimate effectively the chances of pregnancy after
surgery (Adamson and Pasta, 2010). Previous studies proved that trans-
vaginal ultrasonography has good specificity and sensitivity (90 and 89%,
respectively) in the assessment of adhesions and of ovarian mobility
(Guerriero et al., 1997; Okaro et al., 2006; Holland et al., 2010,
2013). Therefore, due to the fact that the presence of ovarian adhesions
was not assessed, it was not possible to estimate the impact of ovarian
adhesions on the rate of spontaneous pregnancies.

In conclusion, the current study shows that endometriotic cysts, irre-
spective of their volume, do not influence the rate of spontaneous ovu-
lation in the affected ovary. Furthermore, this study demonstrates for the
first time that patients with unilateral endometriomas have good spon-
taneous pregnancy rate if the couple has no other risk factor for infertility.
Future investigation should assess the spontaneous pregnancy rate in
patients with other endometriotic lesions (such as rectovaginal nodules
and bilateral endometriomas).

Table V Characteristics of withdrawal and pregnancy
outcome.

Withdrawal time (median, 25th–75th
percentiles, number of cycle)

5 (4–5.3)

Causes of withdrawal (n, %)

Lost at follow-up 14 (12.0%)

Hormonal therapies 8 (6.8%)

Surgery 5 (4.3%)

Pregnancies 90 (76.9%)

Total 117 (100%)

Pregnancies

Number of patients conceiving during the
study protocol (n, %)

105 (43.0%)

Patients conceiving during the study protocol (n, %)*

without concomitant deep endometriosis 29 (47.5%; 35.0–60.0%)

with concomitant deep endometriosis 76 (41.5%; 34.4–48.6%)

Last cycle evaluated before conceiving
(median, median, 25th–75th percentiles)

4 (3–5)

Side of ovulation when conceiving (n, %; 95% CI)**

Healthy ovary 56 (53.3%; 43.3–63.1%)

Affected ovary 49 (46.7%; 36.9–56.7%)

Pregnancy outcome (n, %)

Miscarriages 11 (10.5%)

Second trimester voluntary termination
of pregnancy

2 (1.9%)

Pre-term pregnancies 4 (3.8%)

Term pregnancies 67 (63.8%)

Ongoing pregnancies 21 (20.0%)

Delivery outcome (n, %)

Spontaneous delivery 76 (72.4%)

Operative delivery 6 (5.7%)

Caesarean section 23 (21.9%)

*P ¼ 0.502; **P ¼ 0.408.
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Ovarian reserve and OMA recurrence

Ferrero et al., Fertil Steril (2015)

Table 2 compares the ovarian reserve of case subjects
before second surgery and of control subjects at a similar
follow-up time. AMH, basal FSH, and AFC were similar
between the two study groups, suggesting that the recurrence
of the endometrioma per se did not affect the ovarian reserve.

In case subjects, after second surgery, there was a signif-
icant decrease in AMH levels, a significant increase in basal
FSH, and a significant decrease in the AFC on the affected
ovary (Table 3). Notably, the AFC was 0 in eight ovaries oper-
ated twice (44.4%; 95% CI 21.5%–69.2); in these patients the
AFC was repeated in two subsequent cycles and only two
patients had one follicle in the operated ovary during this
follow-up. After second surgery, the volume of the affected
ovary was significantly lower than after primary surgery
(P< .001) and than the volume of the contralateral ovary
(P< .001).

Fourteen patients tried to conceive among case subjects
and 13 among control subjects. The pregnancy rate was
28.6% (n ¼ 4) in cases and 38.5% (n ¼ 5) in control subjects
(P¼ .695).

DISCUSSION
Over the past ten years, several studies showed that women
who have undergone surgical treatment of ovarian endome-
triomas have decreased ovarian reserve. Although some
studies suggested that this damage to ovarian reserve is
caused by surgery (3–5), other investigations suggested that
it is directly caused by the presence of the endometrioma

(25–28); however, little attention has been given to the
impact of recurrent endometriomas and their treatment on
ovarian reserve (22). The present study investigated for the
first time the impact on ovarian reserve of second surgery
for recurrent unilateral endometrioma, suggesting that
second surgery may have a detrimental effect on ovarian
reserve. Notably, the changes in ovarian reserve were
demonstrated not only by plasma markers (AMH and basal
FSH), which reflect the activity of both the ovaries, but also
by the AFC of the affected ovary, which has recently been
suggested to be the best indicator of the potential damage
of surgery in cases of unilateral cysts (29). In our case
subjects, after second surgery, mean basal FSH significantly
increased despite the presence of a healthy ovary; this is
explained by the fact that the mean age of patients was
>35 years and that some patients had very high levels of
basal FSH (as shown by the high SD). In contrast, the
recurrence of the endometrioma per se did not have a
significant effect on ovarian reserve markers (Table 2).

Repeated surgical procedures on the ovary are associated
with risk of impairment of ovarian function. Therefore, the
timing of each surgical treatment of endometriomas should
always be carefully decided with consideration of the age of
the patient, presence and intensity of pain symptoms, desire
to conceive, previous surgery for endometriosis, presence of
other infertility factors, and endometrioma size (30). Obvi-
ously, surgery must be performed in cases of suspected malig-
nancy or when pain symptoms persist despite the use of
hormonal therapies. In older infertile patients who already

TABLE 2

Comparison of ovarian reserve before second surgery in case subjects and at similar follow-up in control subjects.

Variable Case (n [ 18) Control (n [ 18) P value

AMH (ng/mL), mean " SD 2.7 " 1.9 3.1 " 1.9 .59
Basal FSH (mIU/mL), mean " SD 8.7 " 3.9 8.4 " 3.7 .85
Total AFC (n), median (range) 8 (4–15) 9 (5–15) .37
AFC in the healthy ovary (n), median (range) 5.5 (3–9) 6 (2–12) .54
AFC in the affected ovary (n), median (range) 2 (1–6) 3 (1–5) .24
Volume of the affected ovary in case subjects and of the previously

operated ovary in control subjects (cm3), mean " SEM
95.0 " 22.2 6.8 " 0.4 < .001

Volume of the healthy ovary (cm3), mean " SEM 6.9 " 0.3 6.6 " 0.3 .44
Note: Abbreviations as in Table 1.

Ferrero. Ovarian reserve and recurrent surgery. Fertil Steril 2015.

TABLE 3

Comparison of ovarian reserve before and after second surgery in case subjects.

Variable
Before second

surgery (n [ 18)
After second

surgery (n [ 18) P value

AMH (ng/mL), mean " SD 2.7 " 1.9 1.2 " 1.2 < .001
Basal FSH (mIU/m)L, mean " SD 8.7 " 3.9 14.9 " 6.6 < .001
Total AFC (n), median (range) 8 (4–15) 6.5 (4–13) .34
AFC in the healthy ovary (n), median (range) 5.5 (3–9) 5.5 (4–12) .65
AFC in the affected ovary (n), median (range) 2 (1–6) 1 (0–4) .005
Volume of the affected ovary (cm3), mean " SEM 95.0 " 22.2 4.7 " 0.2 < .001
Volume of the healthy ovary (cm3), mean " SEM 6.9 " 0.3 6.4 " 0.2 .23
Note: Abbreviations as in Table 1.

Ferrero. Ovarian reserve and recurrent surgery. Fertil Steril 2015.
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Endometriosis: Risk factors associated with infertility

Santulli - Chapron et al., Hum Reprod (2016)
conceive. The general consensus is that OMA larger than 4 cm should be
surgically removed (Dunselman et al., 2014), both to reduce pain and to
improve spontaneous conception rates. However, two important ques-
tions should be answered before proceeding with surgery: first, is there a
relationship between OMA and infertility? and second, what are the risks
associated with OMA surgical procedures on subsequent fertility?

Firstly, the impact of OMA per se on ovarian reserve and fertility is con-
troversial. While it has been suggested that the presence of OMA per se is
associated with a reduction in ovarian reserve (Maneschi et al., 1993;
Uncu et al., 2013; Sanchez et al., 2014), this has been contradicted by nu-
merous findings. In a recent study conducted in 244 women with unilat-
eral OMA, ovulation was monitored during 6 cycles using transvaginal
ultrasonography and compared between the affected and healthy
ovary. Results showed that OMA does not negatively impact rate of
spontaneous ovulation in the affected ovary (Maggiore et al., 2015).
These results were affected neither by the laterality, number and size
of OMA nor with associated DIE diagnosed using transvaginal ultrason-
ography. During the 6-month study period, 105 patients spontaneously
conceived (43.0%; 95% CI: 36.7–49.5%) (Maggiore et al., 2015). These
results are in agreement with those from Streuli et al., who demon-
strated, in a large cohort of 726 patients (313 histologically proven endo-
metriosis and 412 controls), that endometriosis and OMA per se
(including cases with uni- or bilateral OMA) do not result in lower anti-
Müllerian hormone (AMH) levels (Streuli et al., 2012). Ferrero et al.
demonstrated that OMA recurrence per se did not have a significant
effect on ovarian reserve markers (Ferrero et al., 2015). Consistently,
results of our study suggest that OMA is not associated with an increased
risk of infertility, infertility rate being similar in both overall endometriotic
and OMA populations (35.3% (307/870) and 36.4% 150/412), respect-
ively). As regards women undergoing assisted reproductive technologies
(ART), it has been shown that, in cases of women with unilateral OMA,
ovarian responsiveness to hyperstimulation was the same between the
affected and intact ovary (Somigliana et al., 2015). In cases of unoperated
bilateral OMA, although the responsiveness to hyperstimulation was sig-
nificantly reduced, the quality of the oocytes retrieved and the chances of
pregnancy were not affected (Benaglia et al., 2013). No between-group
difference in in vitro fertilization (IVF) outcomes (clinical pregnancy rates
per cycle, peak serum estradiol levels, number of oocytes retrieved,
number of gonadotrophins ampoules required and number of
embryos available for transfer) was observed in patients who underwent,
or not, surgical treatment of OMA before IVF (Tsoumpou et al., 2009).
Similarly, removing OMA before IVF did not improve the chance of preg-
nancy (Garcia-Velasco et al., 2004). Finally, aftera surgical OMA excision,

IVF cycles outcomes were not affected by an OMA recurrence (Somigli-
ana et al., 2011).

Secondly, numerous data have demonstrated that laparoscopic strip-
ping of OMA damages the ovarian reserve (Benaglia et al., 2010; Raffi
et al., 2012; Somigliana et al., 2012) due to inadvertent removal of
healthy tissue in addition to the OMA wall (Hachisuga and Kawarabaya-
shi, 2002; Muzii et al., 2002, 2005, 2007). This has also been confirmed by
Streuli et al., who showed that, for endometriotic patients, AMH levels
were decreased only in women with previous OMA surgery, independ-
ently of the presence of current OMA (Streuli et al., 2012). The negative
impact of OMA surgery on the ovarian reserve is correlated to: (i)
patient’s age (Alborzi et al., 2014); (ii) OMA size (Roman et al., 2010;
Coccia et al., 2011; Tang et al., 2013); (iii) bilateral OMA (Busacca
et al., 2006; Esinler et al., 2006; Coccia et al., 2011); (iv) inexperienced
surgeon (Yu et al., 2010; Muzii et al., 2011); and (v) repetitive surgery
for OMA recurrence (Ferrero et al., 2015; Muzii et al., 2015). Regarding
patients undergoing ART, IVF outcome was significantly impaired in
women previously operated for bilateral OMA (Esinler et al., 2006;
Somigliana et al., 2008). Finally live birth rate after IVF was lower in
women with a diminished ovarian reserve (DOR) diagnosed after a pre-
vious OMA surgery compared with women with idiopathic DOR
(Roustan et al., 2015).

All together these observations tend to indicate that OMA-related in-
fertility, and especially the deleterious effects on ovarian reserve, may be
more related to surgical treatment of OMA rather than to OMA per se.
These are important considerations to be taken into account for the
management of OMA in the setting of infertility given that: (i) there is a
high risk of OMA recurrence after laparoscopic excision (Busacca
et al., 1999; Koga et al., 2006; Guo, 2009); (ii) reproductive performance
are significantly lower after repetitive versus primary surgery for both
women seeking conception and infertile women (Vercellini et al.,
2009); (iii) repetitive surgery for endometriosis recurrence does not
increased the chance of pregnancy compared with ART (Pagidas et al.,
1996; Cheewadhanaraks et al., 2004); (iv) endometriosis surgery
before IVF does not increase the fertility results (Demirol et al., 2006);
(v) risks of conservative management of OMA (OMA infection, follicular
fluid contamination with endometrioma, pregnancy complications risk,
and cancer development later in life) does not support the systematic ne-
cessity of surgery before ART, specifically in women with small OMA
(Somigliana et al., 2015); and (vi) delaying attempts to conceive after
surgery for endometriosis is associated with a lower pregnancy rate
and a higher risk of recurrence (Somigliana et al., 2010). On the basis
of all these findings, the decision to remove or not an OMA in the
setting of infertility must be carefully considered.

From our point of view, laparoscopic intraperitoneal cystectomy,
which is considered as the gold standard for OMA treatment
(Chapron et al., 2002; Hart et al., 2005; Kennedy et al., 2005), should
not be automatically performed. OMA management should be indivi-
dualized and should be made on a case-by-case basis, taking into
account the following parameters: patient’s desire; ovarian reserve
(AMH levels and antral follicule count); uni- or bilateral OMA; patient’s
age; existence and duration of infertility; immediate or delayed desire
for pregnancy; associated infertility factors (tubal, sperm,. . .); associated
DIE and/or adenomyosis; previous surgery for endometriosis, and spe-
cifically previous OMA surgery; existence and intensity of associated
pelvic pain. Especially, in the case of unilateral OMA in patients
without history of infertility desiring to conceive, surgery is not required

........................................................................................

Table II Factors associated with presentation for
infertility—multiple logistic regression model.

Variable OR (95% CI) P

Age .32 yearsa 1.9 (1.4–2.5) ,0.001

Gravidity .0 0.7 (0.6–0.9) ,0.001

Peritoneal superficial endometriosis 3.1 (1.9–4.9) ,0.001

Previous history of surgery for endometriosis 1.9 (1.3–2.2) ,0.001

CI, confidence interval; OR, odds ratio; ASRM: American Society for Reproductive
Medicine classification.
aBinary variable .32 versus ≤32 years.
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Endometriosis and infertility: Impact of surgery
Endometrioma and ovarian reserve
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Rethinking endometriosis management
Clinical impact of endometriotic lesions
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Endometriosis - Adenomyosis: Management

Chapron (2022)
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Symptomatic endometriosis: 
Limitations for surgical treatment

it does not treat
the underlying cause of the disease

Althought surgery allows
for exeresis of endometriotic lesions, 

Chapron et al., Nat Rev Endocrinol (2019)



Symptomatic endometriosis: 
Rationale for medical treatment

- Endometriosis is a chronic inflammatory disease and it requires lifelong management

- Surgical exeresis of endometriotic lesions has no effect on retrograde menstruation

- Medical treatments decrease inflammation, which is a key aspect of endometriosis pathogenesis

- Surgery is inefficient for treating pain due to central sensitization

- Numerous inadequate unecessary surgical procedures are performed for endometriosis

- High rates of symptoms and lesions recurrences after surgical treatment only

- Coexisted adenomyosis conservative surgery is difficult and controversial

Chapron et al., Nat Rev Endocrinol (2019)
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Endometriosis-related pelvic pain:
Hormonal treatments: a STEPWISE approach

- First line: Low cost drugs
- Oral contraceptives: cyclic, continuous

- Progestogens: oral, IUD

- Second line: High cost drugs
- Dienogest
- GnRH analogues: IM
- GnRH antagonist

Vercellini et al., Fertil Steril (2016)



Endometriosis: is it a progressive disease ? 
Evolution of

recto-sigmoid DIE nodules 
between two MRI

(38.2 ± 21.1 months)

% Mean duration 
of amenorrhea

Stability 60.5 8.5 months
Regression 11.6 21 months
Progression 27.9 7.5 months

p < 0.001

Netter et al., Hum Reprod (2019)

Progression of 
recto-sigmoid DIE lesion

%

Never amenorrhea 39
No continuous amenorrhea 34

Continuous amenorrhea 0



LONG  TERM
Medical Treatment

Success Failure

Complete surgical
exeresis

Pelvic pain

Endometriosis with no infertility
nor immediate desire for pregnancy

Follow-up:

Questioning
Clinical examination

TVUS
Medical Treatment first rather

than repetitive surgery

Success

Real recurrence

Post op Medical Treatment

1st line: COC, P, or DNG
2nd line: GnRHa

Fertility
preservation

if OMA ?

Fertility
preservation ?

Adaptated from Chapron et al., 
Nat Rev Endocrinol (2019)

Painful endometriosis: 
Rethinking the management



Endometriosis-related infertility

oocyte development (9, 11). Higher rates of granulosa cell
apoptosis have been reported in women with endometriosis
(26), and the incidence of these apoptotic bodies seems to
correlate with oocyte quality (27). Complementing these
data are studies in oocyte donors. Simon et al. (28) reported
that eggs from oocyte donors with endometriosis resulted in
significantly reduced pregnancy rates, which suggests a del-
eterious effect on oocyte quality even before direct exposure
of the oocyte to inflammatory products present in the peri-
toneal fluid. Similarly, Pellicer et al. (5) noted fewer blas-
tomeres per embryo in oocyte donation cycles from women
with endometriosis.
There have also been reports of decreased implantation

rates associated with endometriosis (11, 29). However, in a
matched, case–control study of oocyte recipients, women
with stage III–IV endometriosis had implantation rates sim-
ilar to those of recipients without endometriosis who re-
ceived oocytes from the same donor (30). Additionally,
severe endometriosis does not seem to affect the expression
of pinopodes, a morphological marker of uterine receptivity
(31). Thus, the potential for compromised implantation out-
comes in women with endometriosis might reflect deficien-
cies in oocyte or embryo quality more than impairments in
endometrial receptivity.
The management of an asymptomatic ovarian endometri-

oma in a woman with infertility is controversial. Although it
has been suggested that surgical excision might increase the
chance of spontaneous conception (32), it is unclear whether
the benefits of surgery derive principally from treatment of
the endometrioma or more generally from concomitant lysis

of adhesions, ablation of peritoneal endometriosis, and chro-
mopertubation. Moreover, the benefits of ovarian cystec-
tomy have never been demonstrated for women resolved to
undergoing ART treatment. Indeed, in the setting of ART,
the impact of distortions of pelvic anatomy and tuboperito-
neal inflammatory factors might be greatly mitigated.
Conservative ovarian surgery also poses risks. Because

the lining of endometrioma is surrounded by follicle-
enclosed oocytes, removal or ablation of the cyst wall might
inadvertently injure normal ovarian tissue. In one recent
publication (33), it was reported that 54% of endometrioma
cyst walls excised by stripping techniques also contained
recognizable ovarian tissue. The potential for loss of ovarian
reserve is particularly high if significant bleeding is encoun-
tered during the cyst wall dissection or the endometrioma is
very large. In addition, women undergoing such procedures
necessarily assume all the other potential risks of surgery,
including injury to the bowel, urinary tract, and large vessels.
Although studies have suggested that cystectomy for

ovarian endometriosis might reduce the ovarian response to
gonadotropins (13, 15), not all investigators agree. Donnez et
al. (16) performed a retrospective analysis of 85 women with
severe endometriosis who underwent laparoscopic vaporiza-
tion of the internal cyst wall. In vitro fertilization outcomes
were similar in women with endometriosis compared with
women with tubal factor infertility. These investigators also
performed paired comparisons in women with unilateral
endometriomas and demonstrated similar ovarian responses
in cystectomized ovaries compared with the contralateral
nonoperated ovary.
Similarly, Canis et al. (17) retrospectively studied 41

women who underwent laparoscopic cystectomy for an en-
dometrioma !3 cm and compared their IVF outcomes with
those of women with early stages of endometriosis as well as
with tubal factor infertility. No reduction in the number of
oocytes retrieved and embryos obtained were observed,
which suggests that careful laparoscopic surgery in experi-
enced hands does not impair ovarian function in women
committed to ART treatment. In our retrospective study, we
did not find any benefit or deleterious effect after cyst
resection in terms of fertility outcomes. We are currently
validating these findings in a randomized clinical trial to
definitively answer this question.
However, if laparoscopic surgery in experienced hands

does not improve ovarian function or enhance IVF out-
comes, then why perform the surgery at all? Clearly, if in
addition to infertility the endometrioma is associated with
pain, then surgery is the best means by which to treat both
problems simultaneously. Failure to operatively address the
endometrioma might result in continued discomfort and po-
tential complications, such as cyst rupture (34). There might
also be concern regarding the possibility of malignancy.
Thus, it would seem that the age of the patient, the certainty
of diagnosis, and the patient’s symptoms are important fac-

T A B L E 2

In vitro fertilization/intracytoplasmic sperm injection
cycle outcomes in women with an endometrioma present
at the beginning of the stimulation compared with
women with a previously removed ovarian endometrioma
by laparoscopic cystectomy.

Endometrioma
removed

(147 cycles)

Endometrioma
present

(63 cycles) P value

No. of oocytes retrieved 10.8" 0.6 11.8" 0.9 .378
No. of mature oocytes 8.7" 0.6 8.4 " 0.8 .780
Fertilization rate (%) 76.5 69.9 .051
No. of embryos/cycle 6.0" 0.4 6.4 " 0.6 .582
No. of embryos transferred 2.7" 0.1 2.8 " 0.1 .281
Implantation rate (%) 12.8 14.1 .958
Positive !-hCG (%) 30.2 28.8 .480
Clinical pregnancy rate (%) 25.4 22.7 .776
Multiple pregnancy rate (%) 7.9 12.1 .545
Biochemical pregnancy (%) 3.9 3.0 .817
Miscarriage rate (%) 3.9 6.1 .636
Cancellation rate (%) 6.3 7.6 .844
Note: Data are presented as mean " SEM or %.
Garcia-Velasco. IVF and endometriosis. Fertil Steril 2004.
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Removal of endometriomas before in vitro
fertilization does not improve fertility
outcomes: a matched, case–control study

Juan A. Garcia-Velasco, M.D.,a Neal G. Mahutte, M.D.,b José Corona, M.D.,a

Victor Zúñiga, M.D.,a Juan Gilés, M.D.,a Aydin Arici, M.D.,b and
Antonio Pellicer, M.D.c,d

Instituto Valenciano de Infertilidad, Rey Juan Carlos University, Madrid, Spain; Hospital Universitario Dr Peset,
Valencia University, Valencia, Spain; and Yale University School of Medicine, New Haven, Connecticut

Objective: To investigate whether conservative surgery on ovarian endometriomas before an IVF cycle
improves fertility outcomes.
Design: Retrospective, matched case–control study.
Setting: Two academic IVF programs.
Patient(s): One hundred eighty-nine women with endometriomas who underwent IVF treatment: 56 women
proceeded directly to IVF, and 133 first underwent conservative ovarian surgery.
Intervention(s): Controlled ovarian hyperstimulation and IVF-ET.
Main Outcome Measure(s): Response to gonadotropins, fertilization, implantation, and pregnancy rates.
Result(s): Aside from lower peak E2 levels on the day of hCG and a higher total FSH dose in women
previously operated for an endometrioma, no significant differences were found between the two groups in the
different IVF variables analyzed.
Conclusion(s): Laparoscopic cystectomy for endometriomas before commencing an IVF cycle does not
improve fertility outcomes. Proceeding directly to controlled ovarian hyperstimulation in women with
asymptomatic ovarian endometriomas might reduce the time to pregnancy, the costs of treatment, and the
hypothetical complications of laparoscopic surgery. Conversely, conservative surgical treatment of ovarian
endometriomas in symptomatic women does not impair IVF or intracytoplasmic sperm injection success rates.
(Fertil Steril! 2004;81:1194!7. ©2004 by American Society for Reproductive Medicine.)
Key Words: Endometrioma, endometriosis, infertility, ICSI, IVF, laparoscopy, ovarian cyst

The impact of ovarian endometriomas on
assisted reproductive technology (ART) out-
comes is controversial (1–8). Although it is
well established that advanced-stage endome-
triosis might be associated with anatomic dis-
turbances of fertility, other effects on fertility
are less clear. It has been suggested that the
presence of an ovarian endometriotic cyst
might impair oocyte quality in the ipsilateral
ovary and that the response to controlled ovar-
ian hyperstimulation (COH), as well as fertili-
zation and implantation rates, might be de-
creased (4, 9–11).
The classic doctrine that ovarian endometri-

omas require surgery in infertile women is un-
proven. In fact, several retrospective studies
have reported reduced responses to gonadotro-
pins after cystectomy for ovarian endometrio-

mas in young women (12–15). Such findings
suggest that at least some of the adverse effects
of endometriomas on fertility outcomes might
derive from prior surgical interventions rather
than the endometriosis itself. However, other
retrospective studies of conservative surgery
for endometriomas have refuted claims of re-
duced ovarian responsiveness and compro-
mised IVF outcomes (16–18). In these studies,
women with endometriomas were compared
with women with tubal factor infertility.
Clearly, the ideal case–control study to de-

tect whether surgery rather than an endometri-
oma itself has a deleterious effect on ART
outcomes would be to compare women with
endometriomas that had, or had not, been pre-
viously excised. To this end, we compared
ART cycle outcomes in women treated by
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LBR = 65/101 (64%)
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Surgery versus ART
Surgery ART

Fertility results

Limits
Negative impact on ovarian reserve
Reduced responsivenessto COS
Ineffectiveness of IUI
Major complications (DIE)
Recurrences of Osis and pain
Incomplete repetitive surgeries

Low risk of TOA
Low risk of disease progression
Multiples pregnancies
Obstetrical and perinatal outcomes
No suitable for pain management

Advantages Treatment of painful symptoms
Avoid very low risk of ovarian cancer      

Exeresis of OMA and DIE lesion does
appear to be necessary before ART
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+ Endometriosis pathogenesis: infammation

+ Non surgical endometriosis diagnosis

+ Limits and risks of surgery

+ Efficiency of medical treatments

+ ART results without previous surgery

Surgery must be
performed when
the patient want
to be pregnant

+ Rapid onset of pregnancy after surgery
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Ovarian reserve

Patients’ desire and priorities

Age
Infertility duration
Associated infertility factors
Previous surgery for Osis (specifically OMA)
Pelvic pain intensity
Ovarian endometrioma
Associated adenomyosis

Surgery ART

Rethinking
endometriosis

Chapron et al., 
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Ovarian reserve Satisfactory

Patients’ desire and priorities Patient choice

Age Young
Infertility duration Short
Associated infertility factors No
Previous surgery for Osis (specifically OMA) No
Pelvic pain intensity Intense
Ovarian endometrioma No
Associated adenomyosis No

Surgery

Rethinking
endometriosis
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Patients’ desire and priorities Patient choice Patient choice

Age Young Old
Infertility duration Short Long
Associated infertility factors No Yes
Previous surgery for Osis (specifically OMA) No Yes
Pelvic pain intensity Intense Low
Ovarian endometrioma No Yes
Associated adenomyosis No Yes

Surgery ART
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when dealing with patients whose priority is to become 
pregnant is to know how to select those for whom it 
would be preferable to perform first- line ART (TABLE 2).  
In these patients, the most important criterion is evalu-
ation of the ovarian reserve and, if it is decreased, ART 
should be performed as the first- line therapeutic option4, 
without surgery (except for salpingectomy or tubal 
occlusion in cases of hydrosalpinx). Another important 
consideration is the patient’s preference, as for a vari-
ety of reasons they might prefer one treatment over the 
other. As such, health- care professionals should provide 
a clear explanation of the advantages and disadvantages 
of surgery and ART so that the best decision is made in 
accordance with the patient’s perspective234 and the clini-
cal situation. With the patient’s consent, surgery is usu-
ally provided to young patients for whom the duration 
of infertility has been fairly short, the ovarian reserve is 
adequate, there are no associated factors for infertility or 

a previous history of surgery for endometriosis, severe 
pelvic pain is reported, and neither endometrioma nor 
adenomyosis are present (FIG. 6b). For patients who fall 
outside of these indications, first- line ART seems to be 
preferable (FIG. 6c,d).

Conclusions
We propose that modern management for patients with 
symptomatic endometriosis should take into account 
certain scientifically established principles. Importantly, 
endometriosis should be considered as a chronic 
inflammatory disease, thereby justifying the need for 
a lifelong management plan. Moreover, patients with 
endometriosis can now be identified without surgery 
using non- invasive tools (for example, a combination of 
patient interviews, clinical examination and imaging). 
Subsequently, a diagnosis of endometriosis should not 
be considered synonymous with immediate surgery. 
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followed if a patient refuses or is unsuitable for surgery. In this context, the patient can be given ART without previous 
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if medical treatment is effective and well tolerated. d | For the third option, the criteria are met for undertaking ART before 
surgery. In this context, surgery can be provided at the end of the treatment process for patients with pain for whom 
hormonal treatment is ineffective and/or poorly tolerated and for those who no longer wish to undergo medical 
treatment. This situation is particularly relevant for patients with adenomyosis associated with endometriosis22–24.
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Adaptated from Chapron et al., 
Nat Rev Endocrinol (2019)

Rethinking endometriosis management

Current approach

Th
re

e
m

od
er

n 
m

an
ag

em
en

t o
pt

io
ns

3

2

1



Rethinking endometriosis management
Multi - disciplinary patient approach

CELEC: Cochin Endometriosis Life Center of Excellence

Surgery ART

Medical treatments

Multidisciplinary surgical team:
- Gynecological
- Intestinal 
- Urologists
- Thoracic

Laboratory techniques:
- IVF and ICSI
- Frozen transfers
- Fertility preservation (3)

- Analgesics drugs
- Hormonal treatments
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Veille sur vous, votre cycle menstruel 
et votre endométriose


