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Summary

Endometriosis was classically diagnosed on the occasion of diagnostic laparoscopies, which used to be
routinely performed up until a decade ago or so. This practice fitted with the long-held belief that surgery
was the gold standard for diagnosing endometriosis. Today the abandon of routine diagnostic
laparoscopies — in favor for ART-first therapeutic approaches — has created a void for diagnosis
endometriosis. Modern-day imaging — ultrasound and MRI — when used with a systematic approach have
offered a reliable replacement option for diagnosing endometriosis. In infertility, endometriosis should be
identified or excluded based on past history or confirmation or exclusion suspicion based on history and/or

physical examination.
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Introduction

Classically, endometriosis was a surgical diagnosis, ideally with histological confirmation of the lesions
removed (1) (2). The high efficacy of modern-day ART has led to progressively adopt ART-first approaches
particularly, for women in their thirties. These new characteristics of infertility management lead therefore

to raise the following practical questions:

¢ How should endometriosis be diagnosed today in infertile women?
e What is the impact of endometriosis on oocyte quality and ART outcome?
¢  What is the impact of endometriosis on endometrial receptivity?

e Isthere still a place for surgery in the management of infertility associated with endometriosis?

The present review article addresses in practical terms the management of infertility associated with

endometriosis with particular emphasis on its diagnosis and the consequences for clinical management.

The progressive subside of diagnostic laparoscopies

Not too long ago, diagnostic laparoscopies were still routinely performed in infertility workups notably
(3), for diagnosing and treating endometriosis found in 35%-40% of infertile women (4). Today, ART
achieves livebirth rates in excess of 40% in women under 35 years of age
(https://www.sartcorsonline.com/rptCSR_PublicMultYear.aspx?reportingYear=2019) and similar results in
older women provided that only euploid embryos are transferred (5). These remarkable results together
with the fact that women seek infertility treatments at an ever-increasing age has led infertility specialists

to more and more often offer ART-first approaches, at least when women are in their thirties.

The progressive abandon of diagnostic laparoscopies follows the accumulation of evidence that
surgery for endometriosis — including endometriomas — does not improve ART outcome (6) (7) (8). On the
contrary, reports have accumulated to indicate that surgery may actually harm by impairing ovarian reserve
(9), more than endometriosis itself (10). Furthermore, contrary to observations made in ovarian
stimulation and insemination, ART does not worsen endometriosis symptoms and has no impact on ovarian
endometriomas or deep infiltrating endometriosis (11). While widely predominant, the view of no-surgery-

before-ART is challenged by a few however notably, in case of colorectal endometriosis (12) (13).

The remaining indication for surgery in case of infertility associated with endometriosis is for
enhancing the chances of conceiving naturally in the 12-18 months following surgery. In a seminal article,

Vecellini et al. reported that surgery for pelvic endometriosis increased the chances of conceiving naturally



in the 18 months following surgery by approximately 50% (14). These data were later confirmed by others
(15) (16). Prior to considering surgery for infertility associated with endometriosis one needs to verify that
natural conception is possible — normal sperm and patent tubes — and that time and ovarian reserve exist
for dedicating 12-18 months to attempt to conceive naturally (16). Practically, surgery is primarily
envisioned in women in their twenties. One important new parameter is that the possible benefit from
surgery should be established preoperatively, not during the procedure itself. Indeed determining
beforehand — prior to surgery — whether a person is likely to benefit from surgery differs from prior

practices that established the chance of conceiving during the surgical procedure (17).

The progressive abandon of diagnostic laparoscopies had two practical consequences: (i) Recent data
have reported a decreased prevalence of endometriosis in infertile women over a 10-year study interval
(18). This is in keeping with data of a study conducted using the Society for Assisted Reproductive
Technologies (SART) database reporting an abnormally low incidence of endometriosis in only 11% in a
cohort of 400,059 ART cycles (19). (ii) The demise of diagnostic laparoscopies has created a void for
diagnosing endometriosis. This is now being filled in part by imaging-based approaches, using ultrasound
or MRI for diagnosing ovarian and deep infiltrating endometriosis. Unfortunately, imaging-based

approaches are poor at diagnosing superficial endometriosis.

One landmark publication on the use of ultrasound for diagnosing endometriosis has emphasized the
role of systematic analysis of all areas where endometriosis is likely to develop, an approach defined as
mapping technique (20). These results were then confronted with findings made at laparoscopies (20) and
later refined (21) (22) (23). MRI, using a similar mapping technique, likewise allows to precisely
characterize and diagnose endometriosis (24) as well as adenomyosis (25). Recently, it was concluded that
trans-vaginal ultrasound with bowel preparation was equivalent to diagnostic laparoscopy, except for its
inability to identify superficial endometriosis (26). Superficial endometriosis indeed escapes diagnosis by

imaging (26).

In the future, truly non-invasive markers of endometriosis based on a panel of miRNAs may serve for
singling out women affected with endometriosis (27) . Like for other non-invasive biomarkers of
endometriosis (28) (29) (30) (31), these data remain at research stage for the time being. As discussed
below, to avoid under reporting endometriosis and failing to apply proper approaches while undertaking
ART, proper imaging-based approaches for diagnosis ought to be deployed once endometriosis is clinically

suspected.



Oocyte quality in case of endometriosis

The classical view portrayed endometriosis as being responsible for altering oocyte quality and thereby
altering ART outcome. Our judgment is more subtle now, realizing that endometriosis may affect ovarian
response to gonadotropin. While this effect may not impact actual implantation rates (32), even in the

presence of endometriomas (33), it is likely however to diminish the ultimate cumulative pregnancy rate.

The actual information proffering that endometriosis altered oocyte quality were all indirect. These
were either based on granulosa cell or follicular fluid markers (34), or using animal model based on in vivo
fertilization (35) (36). Contrary to these views of altered oocyte quality in in-vivo derived conditions, there
is now evidence that ART by sparing contact between the oocyte and the toxic environment of the pelvic
cavity (37) (38) provides oocytes of unaltered quality. Indeed oocytes obtained by ART develop into

embryos that have similar euploidy and implantation rates as those of age-matched controls (39) (40).

Today therefore we are confronted to a dichotomy when it comes to oocyte quality in case of
infertility associated with endometriosis. On the one side, oocytes ovulated in vivo and therefore exposed
even transitorily to the toxic characteristics of the pelvic cavity are of altered quality (36), whereas those
obtained by ART are functionally normal (39) (40). This duality explains the reduced natural conception
chances encountered in women with endometriosis, while recent ART studies indicated that implantation

and livebirth rates are most often normal (41).

To account for the improved pregnancy chances observed following surgery for endometriosis (14)
(15), one is inclined to postulate that surgery decreases — if only for a time — the toxic pelvic environment
(37) (38) prevailing in endometriosis. On the contrary, clinical evidence suggests that this is not the case
following medical treatment for endometriosis. Indeed, medical treatments of endometriosis, which all
block ovulation and are therefore contraceptive (42) (43), reduce symptoms and risk of recurrence. Yet,
the pelvic effects of these treatments, contrary to surgery, are not associated with a rebound of fertility
upon stopping (44). Hence, medical treatment holds no place in the management of infertility associated

with endometriosis.

Endometrial receptivity in case of endometriosis

The eutopic endometrium —in the uterus itself — is altered in case of endometriosis, a fact that is
believed to affect endometrial receptivity to embryo implantation (45). These alterations have been

incriminated in the presumed decreased embryo implantation rates once related in case of endometriosis.

In an extensive review of the topic, Bulun et al. report that the eutopic endometrium displays numerus

cellular and molecular abnormalities (46). These include activation of oncogenic pathways or biosynthetic



cascades that favor increased production of estrogen, cytokines, prostaglandins, and metalloproteinases
(47). Thisin turn causes an improper transformation of decidualized cells, as studied in vitro (48). In
endometrial stromal cells, estrogen receptor B levels are 142-fold higher and estrogen receptor a 9-fold
lower compared with normal endometrium (49), as a result of epigenetic changes (50) (46). The resulting
abnormally high ratio of receptors B over receptors a affects the normal activation of the progesterone
receptor gene. This in turn causes the characteristic progesterone resistance, which is emblematic of the
endometrial changes encountered in endometriosis (51). Moreover, nerve tissue has been
immunohistochemically identified in the functional layer of eutopic endometrial tissue in all women with

endometriosis but not in the eutopic endometrium of disease-free women (52) (53).

The resulting inflammation of the eutopic endometrium has been hypothesized to generate or
perpetuate the disease itself by disseminating activated endometrial progenitor cells through retrograde
menstruation (54). Practically, the alterations of the eutopic endometrium have been claimed to alter

endometrial receptivity to embryo implantation, including in ART (55) (28).

Ovarian suppression by hormone treatment appears to reverse the effects of endometriosis on the
eutopic endometrium notably, on nerve fibers (56) , markers of inflammation (57), local production of
estradiol (58) and progesterone resistance (59). Recent ART data suggest that the ovarian suppression
induced by the E2 and progesterone treatments used for timing FETs exerts a similar beneficial effects (40).
Indeed, Bishop et al. reported that transfers of euploid blastocysts timed with estradiol and progesterone
hormone replacement cycles had similar implantation rates in endometriosis and age-matched control
women (40). This approach — freeze all and deferred embryo transfer — likely will replace the old approach
that recommended prolonged ovarian suppression using either GnRH-a (60) or the contraceptive pill before

ART cycles (61).

Endometriosis workup in infertility

At the onset of the infertility workup, one has to establish whether endometriosis exists, as per past
surgery or ad hoc imaging procedures, or when suspected based on symptoms and/or pelvic examination
(62). In case of clinical suspicion, appropriate imaging-based screening — ultrasound and/or MRI — ought to
be undertaken. While in expert hands, ultrasounds and MRI appear equivalent in their ability to diagnose
ovarian and deep infiltrating endometriosis, MRI images are operator independent and can be reassessed
by a different radiologist. A recent systematic review and meta-analysis concluded that ultrasound and

MRI were equivalent for diagnosing deep infiltrating endometriosis (63), as illustrated in Fig 1.



If endometriosis is diagnosed, the choice is between surgery for enhancing the chances of natural
conception or ART. ART-first approaches are generally preferred today in women in their thirties. Indeed,
in these women, delaying management by expecting to conceive naturally for 12-18 months after surgery
might impair their overall prospect for pregnancy. This is also the cases if other elements compound
infertility such as ovulatory, male factor or tubal issues or a sense of urgency from the side of the couple. If
ART is opted for — whatever the reason — surgery is unnecessary and in general one proceeds directly to

ART, following a new no-surgery-before-ART rule.

If endometriosis is diagnosed — either by prior history or because the clinical suspicion is confirmed —
and ART is opted for, the following precautions are recommended. Exclusively use antagonist ovarian
stimulation protocols, as a measure to avoid the risk of frank ovarian hyperstimulation syndrome (OHSS)
with similar overall efficacy (64). Triggering of ovulation with GnRH-a is recommended. Not only using
GnRH-a for inducing the final stage of oocyte maturation is preferred for avoiding OHSS, but it also
decreases the risk of cyst formation — not desired in case of endometriosis. Differed embryo is in all cases
preferred as ovarian suppression by hormone replacement cycles used for timing FETs quells the effects of
endometriosis on the eutopic endometrium (40), as previously shown with GnRH-a treatment. Freeze all
and deferred embryo transfer using E2 and progesterone replacement cycle optimizes implantation rates

(40) as compared to fresh transfer (65), even if this view is not shared by all (66).

Conclusion

The workup of infertile women has been drastically changed over the past decade or so, notably by
the abandon diagnostic laparoscopies, which were nearly routinely done in yesteryears. Today, ART-first
approaches are most often preferred in women in their thirties and overwhelming data indicate that their
results are not altered in case of endometriosis including endometriomas. In these cases, the novel no-
surgery-before-ART is prone by most unless unmanageable pelvic pain exists and/or hydrosalpinges are
present. In a few cases however — for women in their twenties — surgery may be preferred for enhancing
the chances of conceiving naturally provided that there is time — age and ovarian reserve — to dedicate for

natural conception. In the latter case, the sperm tubes and ovulatory functions need to be normal.
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Fig. 1
Diagnosis of deep infiltrating endometriosis of the utero sacral ligament by MRI (a) and

ultrasound (b)
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Receiver—operating characteristics curves ( ) for detection of deep infiltrating endometriosis involving uterosacral
ligaments, using magnetic resonance imaging (a) or transvaginal ultrasound (b). 2, Study estimate; ll, summary
point; — _ _ _, 95% prediction region; _— __, 95% confidence region. From Guerriero et al. 2018 (63). (with permission)





