
When was endometriosis first identified?

	 Over the last decade, great interest has been 
shown for the reconstruction of the path that led 
to the identification of the two conditions we call 
adenomyosis and endometriosis. Recently, the debate 
has focused on Carl Rokitansky, indicated as the 
“discoverer” of endometriosis1,2. We have argued 
against this attribution as, in our view, there are 
three conditions that must be met before credit can 
be given for having identified the two pathologies: 
(i) to have found the presence of epithelial structures 
outside the uterine cavity; (ii) to have identified 
these as endometrial glands and stroma;  and (iii) 
to have clearly understood that this invasion was 
“benign” (and therefore, “non neoplastic”) in nature3. 
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Using these criteria, there is no doubt that it was 
the surgeon Thomas Cullen who described for the 
first time the full morphological and clinical picture 
of endometriosis and adenomyosis4. In 1920, he 
drew a scheme with the classic sites of adenomyotic 
lesions in the pelvis5. He correctly mentioned that the 
condition, called in these days adenomyoma, involved 
the presence of ectopic endometrial-like tissue in the 
myometrial wall, rectovaginal septum, hilus of the 
ovary, uterine ligaments, rectal wall and umbilicus. 
Cullen considered uterine adenomyoma, ovarian 
endometriosis and deep endometriosis as one disease 
characterized by the presence of adeno-myomatous 
tissue outside the uterine cavity and today there is 
increasing evidence that he may have been right.
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	 It was John A. Sampson who created the name 
endometriosis6 seven years after his fundamental paper 
on ovarian endometriomas7. Above all, he must be 
credited for providing the first theory on the pathogenesis 
of the disease. His original observation came when he 
operated women at the time of menstruation and found 
that the peritoneal lesions were bleeding, similarly to 
what happens in eutopic endometrium, proving to him 
that the tissue outside the uterus was of endometrial 
origin. In 1927, Sampson postulated that presence 
of endometrial cells outside the uterus was due to 
tubal regurgitation and dissemination of menstrual 
shedding6. 

	 Clearly, peritoneal endometriosis became the 
signature of endometriosis and the introduction of 
laparoscopy in the sixties provided a golden tool 
for the visual diagnosis and surgical therapy. As a 
result, endometriosis was divorced from the uterus 
(and adenomyosis) and research became focused on 
how fragments of menstrual endometrium implant 
on peritoneal surfaces and invade the underlying 
tissues. Other mechanisms have been proposed such 
as peritoneal metaplasia, transportation through veins 
or lymphatics, the presence of embryonic vestiges, and 
the transformation of bone marrow and endometrial 
stem cells, but menstrual regurgitation with the 
subsequent implantation of endometrial cells, under 
facilitating circumstances, can still explain most 
ectopic localizations. 

Clinical presentations

	 Further progress, not really fully understood at the 
time, came when, in 1932, Hill Jr8. reported the presence 
of aberrant endometrium at microscopy in a series of 
135 patients who were operated-upon for some pelvic 
pathology. Amongst these cases, 20 had adenomyomas 
of the uterus and 115 had peritoneal endometriosis. 
The majority of the patients were between 20 and 45 
yr of age, with the youngest being 16 yr old and the 
oldest 61. Pelvic pain related to menstruation was the 
principal reason for seeking relief through surgery and 
this usually happened some ten-years after the onset of 
disease; in addition he mentioned that symptoms were 
progressive. 

	 Three different types of endometriosis were 
subsequently distinguished.

Peritoneal endometriosis

	 In the 1980s it became evident that peritoneal 
endometriosis has multiple appearances including 

microscopic foci, early-active (red, glandular, or 
vesicular), advanced (black, puckered) and healed 
(white, fibrotic) forms. These lesions may represent 
replacement of mesothelium by an endometrial 
epithelium or endometrial polyp formation9-11. 
The anatomic distribution of ectopic endometrium 
supported the hypothesis of retrograde menstruation as 
the primary model of development of endometriosis12. 
The clinical importance of even very small lesions was 
suggested when, in a prospective study of artificial 
insemination in women with minimal endometriosis, 
Jansen13 found reduced fecundability. Awareness 
of the existence of subtle peritoneal endometriosis 
produced an increase in the diagnosis of endometriosis, 
although clinical significance of early lesions remained 
controversial14-16.

	 From all published evidence Evers et al17 
concluded that peritoneal endometriosis appears to 
be a dynamic disease, especially in the early phase, 
when subtle, atypical lesions may emerge and vanish 
again. The dynamic phase of the disease may involve 
a varying interval of each patient’s life (e.g., a period 
of amenorrhoea or pregnancy). Laparoscopy at the end 
of medical suppression of the activity of implants may 
lead to the erroneous conclusion that treatment has 
been effective. The final answer to the question whether 
and in which cases endometriosis is a progressive 
disease will have to come from long-term prospective 
investigations studying spontaneous evolution of 
peritoneal lesions without therapeutic interference. 

Recto-vaginal endometriosis

	 As in the case of infertility, investigators found 
poor correlation between lesion characteristics or stage 
of disease and pelvic pain. A strong correlation between 
pelvic pain and the depth of invasion was described in 
the presence of implants more than 10 mm deep18-20. 
In contrast with superficial peritoneal endometriosis, 
these lesions have a structure closely resembling the 
adenomyomas described by Cullen4. In the late 1990s 
rectal endoscopic ultrasonography was proposed to 
diagnose the presence of deep bowel infiltration and 
select patients for surgery21-22.

Ovarian endometrioma

	 Ovarian endometriosis can present itself as very 
early lesions, plaques with free-floating adhesions, 
deep non-cystic lesions and typical chocolate cysts with 
adhesions. In a detailed study of 29 ovary specimens 
with chocolate cysts, Hughesdon23 found that in 90 per 
cent of them the ovarian endometrioma was formed 
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by a pseudocyst. The surface of the ovary is adherent, 
usually to the posterior side of the parametrium and 
part of the ovarian cortex is invaginated. Endometriotic 
tissue is found at the site of adhesion and a thin layer 
of superficial endometrium-like tissue extends to cover 
partially or fully the invaginated cortex. Hughesdon 
concluded that ectopic endometrium does not simply 
erode its way into the ovary: the ovary is actively 
invaginated, thus, providing a pseudocyst mimicking a 
uterus. 

	U sing an endoscopic technique Brosens et al24 
investigated a series of endometriotic cysts in situ in 
young women with infertility and confirmed that the wall 
of the cyst is constituted by cortex lined by endometrial 
cells. They suggested that surgery should be adapted 
to the structure of endometrioma by adhesiolysis with 
opening and eversion of the cyst and followed by 
ablation of the superficial endometriotic tissue lining 
the cortex and excision of the implants at site of the 
adherent parametrium or ligaments. It must be stressed 
that surgical treatment of ovarian endometriomas is 
more complex than simple drainage and coagulation.

Success and failure of modern treatments

	 Once microscopic criteria were established in the 
forties and fifties, the disease became increasingly 
diagnosed during the subsequent decades. In the 
early days however, clinicians facing the issue of 
management of endometriosis were at a loss on what 
to do, to the point that in 1953, Meigs25 recommended 
early and frequent childbearing as prophylaxis 
and even exhorted patients to subsidize their sons 
and daughters so that this approach may become 
financially feasible. He wrote: “It is the author’s 
belief that avoidance of endometriosis through 
early marriage and frequent childbearing is the most 
important method of prophylaxis”. Obviously, Meigs 
was not referring to peritoneal endometriosis; rather 
he was attempting to solve the challenges of those 
days: painful rectovaginal adenomyomas and cystic 
ovarian endometriomas in young women for whom at 
that time hysterectomy and castration were the only 
surgical cure. While for many patients Meigs’ proposal 
was not practical, the idea led Kistner26 to propose, 
in 1958, a more practical alternative: induce a state 
of “pseudopregnancy” to reproduce the improvement 
noted in endometriosis during and after pregnancy. 
He postulated that the positive effect of pregnancy 
was due to decidualization that results in necrosis and 
elimination of superficial endometriotic implants. 
This concept bears striking similarity to the approach 

taken by Rock et al27 approximately the same time in 
their quest for a hormonal contraceptive27.

Hormonal therapies

	 It is noteworthy that the first attempts at a 
hormonal management of the symptoms associated 
with endometriosis preceded Meigs proposal and 
Kistner intuition, having started almost 70 years ago. 
As soon as synthetic steroids became available pioneer 
clinicians began utilizing these in an attempt to find 
a medical cure for endometriosis and, interestingly 
enough, androgens preceded estrogens as therapeutic 
agents. 

Androgens

	 The first suggestion came from Geist and Salmon28 
who, in 1941 advocated the use of androgens in 
gynaecological disorders. Following this lead, the first 
results obtained with the use of testosterone propionate 
began to appear. In 1944, Miller29 wrote: “testosterone 
propionate can be used in diminishing the activity and 
decreasing the size of the lesions in endometriosis so 
that radical surgery can be performed with less danger”. 
In spite of the positive results obtained, the undesirable 
side effects of hirsutism, acne, and deepening of the 
voice occurred sufficiently often to cause the clinician 
and the patient considerable concern. For this reason, 
androgen therapy never really took off and other 
avenues began to be explored. In 1958, commenting on 
the use of androgens Kistner26 noted that “androgenic 
substances, while adequately documented as having 
produced desirable results in endometriosis, probably 
exert their effect through inhibition of gonadotropic 
substances, although direct effect of the substance upon 
the endometriotic area has been suggested”. This great 
intuition prompted endocrinologists and gynaecologists 
to test other gonadotropin -inhibiting substances.

Oestrogens

	 The availability, in the late forties, of a non-
steroidal, synthetic oestrogen, diethylstilbestrol (DES), 
prompted another line of experimental treatment for 
severe endometriosis.

	 We know today that oestrogens are intimately 
involved with the growth of ectopic endometrial foci 
and therefore, with today’s wisdom, oestrogens would 
be – if anything – contraindicated. Indeed, although in 
all likelihood not an endocrine disease, endometriosis 
does not appear in the absence of oestrogens. Even 
when the disease manifests itself in post-menopausal 
patients, usually it does so in women treated with 
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oestrogens30,31 and, in the rare occurrence in non-
treated post-menopausal patients31, it is believed that 
symptoms are the consequence of the progression of 
the oestrogen-independent fibrosis, not of the growth 
of new foci32. At the same time, there is evidence that 
oestrogens are not necessary for the endometrium to 
implant itself ectopically, whereas proliferation and 
growth of ectopic implants need their presence. 

	 Finally, although endometriosis has been described 
in the urinary bladder of men with prostatic carcinoma33, 
in the case of pure gonadal dysgenesis34 and Turner’s 
syndrome35,36 streak gonads37 and in a woman with 
a Rokitansky-Kuster-Hauser syndrome38, all these 
patients had endogenous or exogenous oestrogens, 
alone or in combination with a progestin. Therefore, 
the concept that oestrogens are necessary in order 
to have active ectopic endometrial foci so far goes 
unchallenged.

	 This large body of knowledge did not exist and 
could not even be guessed when the first attempts 
were made to treat with oestrogens women with severe 
endometriosis. The first to do so was Karnaky39 who, 
in 1945, reported apparently good results, achieving 
amenorrhoea with increasing daily doses of up 100 
mg/day of diethylstilbestrol (DES). In his report he 
reached at an intriguing conclusion: “endometriosis is 
not stimulated to grow by large continuous doses of 
stilbestrol, but small doses of stilbestrol may stimulate 
it”. In his series, five patients became pregnant after 
stilbestrol was discontinued. With today’s knowledge, 
the offspring of those pregnancies should have been 
followed very closely, although second generation 
clear cell vaginal cancer has been usually attributed to 
use of DES in pregnancy, not before it40.

	 In spite of the enthusiasm of its proponent, oestrogen 
treatment of endometriosis did not last, and for reasons 
only partially related to modern knowledge. In 1958 
Kistner26 wrote: “the unpredictability of permanent 
relief in endometriosis following the use of estrogenic 
substances alone” and the fact that “estrogen therapy 
also has the disadvantage of occasionally resulting in 
rather profuse break-through bleeding, endometrial 
hyperplasia and hypermenorrhea at the time of 
withdrawal of the hormone” make this treatment 
unwise.

Estrogen-progestin treatment: the “Pseudo-pregnancy” 
regimen

	 As already mentioned, knowledge gained during 
the forties and early fifties allowed the creation of a 

new concept that went under the name of “pseudo-
pregnancy”, the artificial creation of a hormonal 
situation mimicking that occurring naturally during 
pregnancy. Two researchers Kistner26 and Andrews41 
share the credit for the advent of “pseudo-pregnancy” 
as a treatment for endometriosis. Kistner wrote: 
since “in many patients with this disease, conception 
is not always possible, either because of unknown 
factors producing infertility or because marriage is 
not contemplated” an artificial situation mimicking 
pregnancy can resolve the impasse26. His first 
experimental treatments involved 12 patients to whom 
large doses of a number of oestrogenic compounds 
and two progestins were administered in a “graduate 
scale” for periods of time up to 7 months to produce 
amenorrhoea, as well as a decidual reaction in the 
endometrium. The pseudo-pregnancy regimen resulted 
in an improvement of the condition, both subjectively 
and objectively, except for occasional side effects like 
uterine cramps or hypermenorrhoea.

	 A further step forward was introduced when 
– starting from the same observation of beneficial 
effects of pregnancy on endometriosis – the first oral 
contraceptive ever marketed, Enovid (norethinodrel 
plus mestranol) was administered to 23 women 
with endometriosis. Decidual transformation was 
consistently demonstrated in the eutopic endometrium 
and was present in the ectopic endometrium in all of 
the five instances in which it was obtained for study. 
Clinical improvement during therapy was observed in 
14 of the 17 patients treated because of pain42.

	 To improve the effectiveness of the pseudo-
pregnancy regimen, long-acting steroid hormones 
were introduced in the 1960s. Patients developed 
amenorrhoea, which persisted throughout the period of 
hormone administration, and most of them experienced 
considerable to complete relief of their symptoms. The 
oestrogen-progestin regimen has been used extensively 
since then for the treatment of endometriosis, although 
very little was published on the subject in recent years. 
Symptomatic relief of the disease was reported in a 
majority of cases and pregnancy rates in women who 
complained of infertility in addition to endometriosis 
ranged from 10 to 53 per cent43. It is unfortunate that, 
although extensively utilized, oestrogen-progestin 
combinations have not been properly tested. Indeed, a 
2007 Cochrane systematic review aimed at assessing the 
effects on pain-related symptoms of oral contraceptives 
when compared to other treatments, found only one 
study that met the inclusion criteria44.
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Other hormonal regimens

	 During the second part of the 20th century a number 
of additional hormonal regimens have been proposed, 
the first being an antigonadotropic steroid, danazol. Its 
introduction in 1971 by Greenblatt et al45 brought back 
the clock, since this compound has definite androgenic 
properties and may produce symptoms not very 
different from those reported in the forties.

	 Interesting results have been obtained with the 
introduction of gestrinone, a steroid with androgenic, 
antiprogestinic and antioestrogenic activities. Fedele 
and co-workers46 were the first to compare the 
clinical effects of gestrinone and danazol, observing 
a significant decrease of pain-related symptoms 
(dysmenorrhoea, pelvic pain, deep dyspareunia) in 
both groups, without any significant difference. The 
same year Venturini and co-workers47 showed that 
gestrinone significantly reduces serum concentrations 
of total testosterone and sex hormone binding globulin 
(SHBG), whereas free testosterone is slightly, 
but significantly, increased. Finally, oestradiol is 
not significantly lowered in comparison with pre-
treatment follicular phase values.

	 Given the results obtained with a mild antiprogestin 
like gestrinone, it was logical to expect even better results 
with the first “real antiprogestin”, mifepristone48, widely 
known as the “abortion pill”. Unfortunately, its use in 
medical abortion has created a situation where, for over 
20 years, after very promising early clinical studies, no 
large-scale experimentation has been published. Today, 
however, a second antiprogestin, ulipristal has been 
marketed (as an emergency contraceptive) and work 
has resumed on possible applications of antiprogestins 
in the treatment of a number of proliferative disorders 
of the female reproductive tract.

Gonadotropin-releasing hormone agonist and 
levonorgestrel-releasing intrauterine system

	 Gonadotropin-releasing hormone agonists 
(GnRHa) have emerged as a primary medical therapy for 
patients with symptomatic disease, although secondary 
hypoestrogenic side effects may limit compliance. 
Add-back therapy is a means of surmounting this 
problem. Progestins such as norethisterone acetate may 
be administered with or without addition of low doses 
of oestrogens to safely and effectively extend GnRHa 
therapy while minimizing side effects. Recent studies 
have demonstrated that the use of add-back enhances 
compliance and duration of therapy49. The initiation of an 
add-back should not be deferred since there is evidence 

demonstrating an increase in vasomotor symptoms and 
bone loss if not administered concomitantly. The subset 
of adolescents with endometriosis who require GnRHa 
therapy should be administered an add-back, but – even 
so – they require careful monitoring of bone mineral 
density. Implementation of an appropriately selected 
add-back will significantly reduce hypoestrogenic side 
effects, enhance compliance, and allow for prolongation 
of therapy without interfering with the efficacy of 
GnRHa in treating symptomatic endometriosis.

	 A recent prospective, randomized, controlled 
clinical trial compared the efficacy of the levonorgestrel-
releasing intrauterine system (LNG-IUS; Mirena) 
with a depot formulation of a GnRHa in the control 
of endometriosis-related chronic pelvic pain (CPP) in 
patients with severe endometriosis50. Both treatment 
modalities showed comparable effectiveness in the 
treatment of CPP-related endometriosis. Among the 
additional advantages of the LNG-IUS is the fact that 
it does not provoke hypoestrogenism and requires only 
one medical intervention (for its introduction) every 
5 years. This device could, therefore, become the 
treatment of choice for CPP-associated endometriosis 
in women who do not wish to conceive.

Conservative surgery 

	 Conservative surgery has obvious advantages 
since, in theory, aims at preserving fertility. In 1975 
Kistner51 noted that approximately 40 to 50 per cent 
of patients who are desirous of childbearing and who 
have had conservative surgical treatment will become 
pregnant. Such pregnancy usually occurs within the 
first 24 months, although in a few patients, the delay 
may be of 3 or even 4 years. Kistner observed that 
pregnancy rates were influenced by 5 factors: the 
extent of disease; the age; the history of additional 
prior surgery for endometriosis; the duration of 
infertility before surgery; and the length of post-
surgical follow up. To improve results, he advocated 
short post-operative periods of pseudo-pregnancy 
regimen induced by hormonal treatment (see above), 
if all areas of endometriosis cannot be excised. A few 
years later, Buttram52 reported pregnancy rates of 73, 
56 and 40 per cent respectively, for patients with mild, 
moderate and severe endometriosis. As surgery was 
most beneficial in the early post-operative period he 
recommended that, if medical suppressive therapy is 
to be used in conjunction with conservative surgery to 
enhance fertility, it should be instituted preoperatively 
rather than postoperatively.
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Laparoscopy

	 New pelvic endoscopic techniques were introduced 
in gynaecology in the late 1940s. Culdoscopy was a new 
procedure for pelvic visualization in gynaecology and 
it was claimed that the procedure was invaluable in the 
investigation of pelvic tumours, small ovarian disease, 
endometriosis, ectopic pregnancy and especially helpful 
in the detailed study of primary and secondary sterility 
in females. Starting in 1967, Semm53, transformed what 
was called at the time “peritoneoscopy” into modern 
laparoscopy by improving the optical system, removing 
the source of light from the abdominal cavity and 
creating an automatic control of gas insufflations into 
the abdomen. Technical improvements in laparoscopy 
quickly produced new information on endometriosis 
and expanded gynaecological applications of 
endoscopic surgery, to the extent that in the early 1970s 
leading gynaecologists in Europe and US concluded 
that laparoscopy is the preferred tool for diagnosis and 
surgery of endometriosis54.

	 Clearly, endoscopic surgery represented a major 
departure from classic gynaecological surgery, 
especially when, in the early 1970s, endoscopic 
methods for haemostasis, ligature and suture during 
surgical pelviscopy were introduced. Further advances 
occurred when Nezhat et al54 introduced carbon dioxide 
laser for the removal of endometriotic implants, 
excision of endometrioma capsules, and lysis of adnexal 
adhesions. In a series of 102 patients, they reported a 
pregnancy rate of 60 per cent within 24 months after 
laser surgery without additional hormonal therapy. 
Laparoscopic vaporization with carbon dioxide laser 
became a popular treatment modality for endometriosis-
associated infertility, yet little data existed regarding 
the effectiveness of such an approach. In the 1980s, 
laparoscopic surgery became also the preferred 
approach for the treatment of ovarian endometrioma 
and infiltrating cul-de-sac endometriosis56. 

	 In 1994 Adamson and Pasta57 carried out a meta-
analysis and concluded that either no treatment or 
surgery is superior to medical treatment for minimal 
and mild endometriosis associated with infertility; 
in addition, in moderate and severe disease, surgery 
seems to yield comparable results with both operative 
laparoscopy or laparotomy. They recommended that 
prospective, randomized trials be performed to confirm 
these findings, but unfortunately, in surgery prospective, 
double-blind randomized studies are extremely difficult 
to perform. One such study was published in 1994 by 
Sutton et al58 who concluded that laser laparoscopy 

was a safe, simple and effective treatment in alleviating 
pain in women with stage I, II and III endometriosis. In 
1997, Marcoux et al59 published a second randomized, 
controlled trial and concluded that laparoscopic 
surgery enhanced fecundity in infertile women with 
minimal and mild endometriosis. In conclusion, 
oral contraceptives, androgenic agents, oestrogens, 
progestins, antigonadotropic agents, antiprogestins 
and GnRHa have all been used successfully, although 
at the present time, the latter preparations are the 
most popular medical therapy for endometriosis. 
Leuprolide acetate, goserelin acetate, and nafarelin 
acetate are all effective agents. Surgical therapy is 
appropriate, especially for advanced stages of the 
disease. Laparoscopy is an effective surgical approach 
with the goal of excising visible endometriosis in a 
haemostatic fashion. Since endometriosis is a chronic 
condition, it is not uncommon for recurrences to occur. 
While endometriosis remains an enigmatic disease, 
the introduction of new pharmacologic agents, such 
as GnRHa and newer endoscopic methods of surgical 
treatment, have facilitated and improved the overall 
management of this disease.

In search of the pathogenesis

	 As already mentioned, following Sampson’s 
enunciation of his “retrograde menstruation” theory7 
in the late twenties, endometriosis was divorced from 
adenomyosis and research became focused on how 
fragments of menstrual endometrial tissue carried by 
menstruation could implant on peritoneal surfaces and 
invade the underlying tissues. 

Peritoneal environment

	 While early studies concentrated on the histogenesis 
of endometriotic lesions, in the 1980s attention began to 
focus on changes in the peritoneal, ovarian and uterine 
microenvironments in association with endometriosis. 
This was made possible thanks to the increasing use of 
laparoscopy for tubal sterilization, or the exploration of 
infertility: peritoneal fluid could easily be collected for 
research purposes and carefully analysed. This resulted 
in an avalanche of publications on the pathogenesis of 
endometriosis.

	 A first major finding was an increased activation 
of peritoneal macrophages in infertile women with 
mild endometriosis60. Halme et al61 demonstrated that 
retrograde menstruation through the fallopian tubes 
into the peritoneal cavity is a very common physiologic 
event in most menstruating women with patent tubes 
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and, therefore, additional factors must be implicated in 
the genesis of endometriosis.

	 Dmowski and collaborators62 were the first to 
advocate, in 1981, a role of the immune system 
in the pathogenesis of endometriosis. This Group 
demonstrated that rhesus monkeys with spontaneous 
endometriosis have an altered cellular immune response 
to autologous antigens, suggesting that endometrial 
cells translocated from their normal location may 
implant only in women with specific alterations in cell-
mediated immunity. Haney et al63 in 1981 demonstrated 
that endometriosis is accompanied by a chronic 
intraperitoneal inflammatory process, as shown by the 
increased number of peritoneal macrophages in infertile 
women with endometriosis compared with normal 
women or women with other causes of infertility. Since 
peritoneal fluid is in contact with peritoneal endometrial 
implants, as well as with the tubal microenvironment 
in which fertilization occurs, subtle alterations of this 
fluid and/or its cellular constituents might adversely 
influence reproduction independent of any anatomical 
compromising of ovaries or oviducts. 

	 A multitude of findings suggested that endometriosis 
is associated with abnormal host response, embryo 
toxicity, natural killer activity, macrophage 
recruitment and activation, up-regulation of growth 
factors, angiogenesis and cell adhesion molecules, 
all of which may play a role in the pathogenesis and 
development of pelvic endometriosis and infertility. 
Endometriosis is associated with sterile low-grade 
inflammation, increased concentrations of activated 
macrophages and many of their secretions, such as 
cytokines, growth factors and angiogenic factors. It has 
also been speculated that the type of cellular lesion, 
hereditary and immunological environments and local 
hormone concentrations in the ovary and peritoneal 
fluid, may determine the manifestation of the disease 
as cystic ovarian endometriosis, deep endometriosis 
or adenomyosis externa, and whether the latter is 
associated with adhesions.

Endometrial dysfunctions

	 In the late nineties, a number of reports were 
published suggesting that endometriosis is associated 
with endometrial and myometrial dysfunctions. 
Patients with severe endometriosis were found to have 
defects in endometrial receptivity including aberrant 
integrin expression, possibly causing decreased cycle 
fecundity due to defects in endometrial receptivity64. 
Both eutopic endometrial tissues and endometriotic 

implants from patients with endometriosis are 
biochemically different from normal endometrial 
tissues of disease-free women. Aromatase expression 
in eutopic endometrial tissues from patients with 
endometriosis may be related to the capability of 
implantation of these tissues on peritoneal surfaces. On 
the other hand, vascular endothelial cell growth factor 
(VEGF) may be important for both physiological and 
pathological angiogenesis of human endometrium, as 
it is an oestrogen-responsive angiogenic factor that 
varies throughout the menstrual cycle and is elevated 
in women with endometriosis65. VEGF content was 
found to be higher in the eutopic glandular epithelium 
of women with endometriosis during the late secretory 
phase, possibly suggesting a more likely tendency to 
implant66. Similarities in VEGF content were observed 
in the glandular epithelium of the eutopic endometrium 
of women with endometriosis and the so-called “red 
lesions”, suggesting that endometriosis probably arises 
from the peritoneal seeding of viable endometrial cells 
during retrograde menstruation; these “red lesions” can 
be then considered as the first stage of implantation.

	 In a review published in 1997, Ryan and Taylor67 
concluded that three general concepts steered during the 
late 20th century research in endometriosis. First, there 
is evidence of a local peritoneal inflammatory process, 
including the findings of elevated cytokine and growth 
factor concentrations in peritoneal fluid of affected 
patients. Second, there is a role for angiogenic factors 
in the establishment of ectopic implants. Third, there 
is evidence for biochemical differences of eutopic and 
ectopic endometrium in endometriosis patients, which 
may contribute to both the pathogenesis and sequelae 
of this disorder.

Modified immunological milieu

	 Some twenty years ago, Dmowski and his group68 
were the first to show the existence of a deficient 
cellular immunity in women with endometriosis. 
Since then, in women with endometriosis a number 
of functional changes have been observed in several 
immunologic components of the peritoneal fluid, 
as well as in the serum and the hypothesis has been 
advanced that deficient immunity against retrograde 
endometrium during menstruation may be involved 
in the pathophysiology of the disease69. In addition, 
during endometrial cells implantation, proliferation and 
the formation of endometriotic lesions a wide pattern 
of cytokines is involved, playing a critical role in 
decreased immunologic surveillance, recognition and 
destruction of ectopic endometrial cells and possible 
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facilitation of the implantation of ectopic endometrial 
tissues. 

	 Braun and Dmowski70 have subsequently proposed 
that endometriosis may be the consequence of an 
immunological selection process according to which 
endometrial cells inherently resistant to apoptosis and 
immune-mediated elimination, acquire the capacity 
to utilize the products of an activated immune system 
to establish ectopic foci of the disease. In addition, 
cyclical inflammatory/immune cell stimulation that 
fails to eliminate ectopic endometrial implants results 
in progressive immunological derangement. Indeed, 
alterations in both cell-mediated and humoral immunity 
contribute to the pathogenesis of endometriosis through 
an increased number and activation of peritoneal 
macrophages, decreased T-cell and natural killer cell 
cytotoxicities. These alterations lead to an inadequate 
removal of ectopic endometrial cells from the peritoneal 
cavity71. It is a fact that the endometrium of women 
with endometriosis responds differentially to specific 
inflammatory cytokines by production of endometrial 
haptoglobulin. Upregulation of this haptoglobulin 
disrupts normal endometrial function and may facilitate 
the pathogenesis of endometriosis72. It seems likely 
that unbalanced chemokine expression contributes to 
the genesis of endometriosis and it is well known that 
chemokines regulate leukocyte migration and function 
and display specific roles in endometrial angiogenesis, 
apoptosis, proliferation, and differentiation73. 

Menstrual preconditioning and deep placentation

	 In a study of mothers 13 to 24 years old, Fraser et 
al74 found that a younger age conferred an increased risk 
of adverse pregnancy outcomes, as manifested by lower 
birth weight, premature delivery and small for gestation 
age, that was independent of important confounding 
socio-demographic factors. On the other hand, the 
number of peritoneal areas involved in endometriosis 
seems to increase during the adolescence, but no longer 
after the early twenties75. The data are compatible 
with the menstruation preconditioning hypothesis 
put forward by Brosens et al76 and may explain the 
decrease in the risk of defective deep placentation and, 
in the absence of pregnancy, an increase in the risk of 
peritoneal endometriosis. 

	 Menstruation and pregnancy are both inflammatory 
events, albeit of very different magnitudes. In addition, 
both events are associated with variable degrees 
of uterine free radical production, oxidative stress, 
ischaemia-reperfusion injury, vascular remodelling, 

and angiogenesis. Therefore, it seems not only plausible 
but also likely that cyclic endometrial remodelling 
and menstruation precondition the human uterus for 
pregnancy. The term “preconditioning” refers to the 
paradoxical, yet ubiquitous, biological phenomenon 
that a brief exposure to a harmful stimulus at a dose 
below the threshold for tissue injury provides robust 
protection against, or tolerance to, the injurious effects 
of a subsequent more severe insult. In recent years, the 
mechanisms underpinning preconditioning have been 
widely studied because of its therapeutic potential 
in preventing cardiac or cerebral injury in different 
clinical settings. Notably, reactive oxygen species 
production, activation of redox-sensitive signalling 
pathways, expression of angiogenic factors such as 
VEGF, and resistance to cell death are major effectors 
in the process of preconditioning77, all of which are 
highly regulated in the endometrium in response to 
hormonal signalling and perturbed in the presence of 
endometriosis. 

	 Thus, it is tempting to speculate that endometriosis 
is primarily a disease of exaggerated endometrial 
preconditioning, which not only confers protection 
against hyper-inflammation and oxidative stress 
associated with pregnancy, but also endows endometrial 
cells with the mechanisms to survive in unfavourable 
ectopic locations. Although direct proof of cyclic 
menstrual preconditioning is as yet lacking, it is striking 
that the junctional zone myometrium is significantly 
thicker on T2-weighted magnetic resonance imaging in 
patients with endometriosis when compared with age-
matched control subjects78. Power Doppler ultrasound 
studies have also shown that endometriosis is 
associated with increased endometrial-subendometrial 
blood flow during the late secretory phase of the 
cycle79. 	Perhaps the most compelling evidence for 
cyclic endometrial preconditioning comes from the 
observation that stromal cells purified from eutopic 
endometrial biopsy specimens from patients with and 
without endometriosis exhibit different responses to a 
decidualizing stimulus, even after prolonged culture80. 
Such sustained reprogramming of cellular responses 
likely involves epigenetic changes like DNA methylation 
or post-translational histone tail modifications. That 
this is indeed the case is substantiated by experiments 
in the baboon model, where induction of endometriosis 
and chronic inflammation resulted in a gradual decrease 
– over 6 to 12 months – in endometrial expression of a 
homeobox transcription factor involved in endometrial 
development named HOXA-1081. 
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Endometriosis and adenomyosis

	 Following two decades during which adenomyosis 
and endometriosis were considered as totally separate 
entities, in 1948 Novak and de Lima82 linked them 
again hypothesising a specific local hormonal reaction 
in ectopic endometrium. They wrote: “one cannot resist 
the feeling that there is some common denominator 
between endometrial hyperplasia and adenomyosis, and 
possibly also pelvic endometriosis”. Their statement 
was based on the observation that, of a total of 134 
women with adenomyosis, endometriosis was also 
present in 42 (31.3%). 

	 Sixty years later, Leyendecker et al83 proposed a 
new unified concept of the physiopathology of the two 
conditions, describing a physiological model leading 
to the local production of oestrogens at the level 
of both eutopic and ectopic endometria in affected 
women. They critically analysed uterine morphology 
and function in normally fertile women and in affected 
subjects, using modern diagnostic imaging techniques 
and found circumstantial evidence suggesting that 
endometriosis and adenomyosis are caused by trauma. 
In other words, chronic uterine peristaltic activity or 
phases of hyper-peristalsis induce, at the endometrial-
myometrial interface, micro traumas with the activation 
of the mechanism of ‘tissue injury and repair’, followed 
by the local production of oestrogen; in due course, 
this results in permanent hyper-peristalsis and a self-
perpetuation of the disease process. 

	 Leyendecker and his group therefore believe that 
adenomyosis and endometriosis are “primarily diseases 
of the archimetra” (the Junctional Zone myometrium) 
and that there is a dislocation of the basal endometrium 
(with stem cell character and therefore the ability to 
resume embryonic growth), resulting in the ectopic 
formation of all “archimetrial” components such as 
epithelium, stroma, and paramesonephric smooth 
muscle cells84.

	 This theory gives primary importance to the 
Junctional Zone myometrium, but fails to take into 
consideration the pivotal role of an altered endometrium 
in creating the conditions for the development of 
adenomyosis and endometriosis. Today we are 
proposing a new theory, namely that adenomyosis and 
endometriosis are phenotypes of the same disorder: the 
“Endometrium and Inner Myometrium Dysfunction 
Syndrome” (EIMDS). According to this theory, the 
endometrium and inner myometrium represent an 
important regional unit in the uterus with a key role in 

human reproduction. The region represents a complex 
structure of several polarized microenvironments 
controlled by sex steroid hormones, aggregates of 
leukocytes as local mediators to regulate sperm 
transport, implantation and menstruation, and in 
pregnancy to regulate interaction with interstitial and 
endovascular trophoblast invasion to achieve deep 
placentation. While the sequence of events is still 
debated there are multiple aetiologies involved in the 
new endometrium and inner myometrium dysfunction 
syndrome. Prolonged preclinical stage, involvement of 
different reproductive mechanisms and predisposition 
to a particular presentation influenced by gene-
environment interaction and/or complex gene-gene 
interactions involving different genotypes result in 
clinical manifestations which are often adaptive in 
nature. A range of aetiologies for the EIMD syndrome 
has been described such as production of oestrogen 
at the level of endometrium and ectopic endometrial 
lesions, chronic uterine peristaltic activity or phases 
of hyperperistalsis, increased invasiveness of the 
basal endometrium, progesterone resistance, and 
defective trophoblast invasion. Interestingly enough, 
in addition to the dislocation of the endometrial tissue, 
the dysfunction results in a spectrum of pregnancy 
disorders involving infertility, miscarriage and major 
pregnancy complications such as preterm rupture of 
the membranes, preterm birth, small for gestation age 
and pre-eclampsia.

Prevention of endometriosis in adolescence

	 A true prevention of the consequences of 
endometriosis is based on increased awareness of the 
disease in adolescence. While the true incidence of 
endometriosis in young women is difficult to quantify 
and estimates vary among different studies, a majority 
of adult women with endometriosis report the onset 
of pelvic symptoms before age 20. In adolescents, 
however, endometriosis is predominantly represented 
by subtle, red and clear peritoneal lesions, which are 
more hormone-dependent and versatile than the typical 
dark pigmented scarred lesion or the deep, adenomyotic 
or cystic lesion of the adult85-87 As a consequence, 
while pregnancy during adolescence is likely to play 
a role in the prevention or regression of endometriosis, 
adolescence is likely to offer a window of opportunity 
for hormonal manipulation of endometriosis88. 

	 Current recommendations by the American 
College of Obstetrics and Gynecology87 on the 
adolescent presenting with dysmenorrhoea include 
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initiation of treatment with non-steroidal anti-
inflammatory medications and cyclic combined 
oral contraceptives (COCs). If symptoms of 
dysmenorrhoea continue beyond 3 months despite 
these interventions, adolescents should be offered 
a diagnostic laparoscopy. Cyclic use of COCs is 
recommended to avoid regression of implants at the 
time of laparoscopy. The use of hydroflotation is also 
recommended to improve the visualization of features 
of subtle lesions on the ovary or peritoneum such as focal 
micro vascularisation and free-floating adhesions89,90. 
Typical endometriosis including extensive pelvic 
adhesions, ovarian endometrioma and rectovaginal 
adenomyosis is rare in the adolescent with a normal 
genital tract. Adolescents found to have endometriosis 
should either be treated through surgical ablation, 
resection, or laser treatment. All adolescents who are 
treated at laparoscopy and histologically confirmed 
with endometriosis should be placed on suppressive 
therapy to inhibit further disease progression until 
they reach an age in which they desire pregnancy. 
The first line of recommendation for patients under 
the age of 16 is continuous COCs. For patients over 
age 16, either continuous COCs or a GnRH agonist 
can be considered. GnRH agonists are generally not 
recommended for patients under the age of 16 given 
concerns regarding bone mineralization.

	 While these recommendations can be suitable for 
management of severe endometriosis in the young 
adult, it can be questioned whether it is wise to start in 
the adolescent a “lesion-oriented” surgical management 
when lesions are subtle and versatile and likely to respond 
by extensive decidualization and apoptosis in response 
to a pseudopregnancy regimen. Experience shows that 
early surgery is likely to be repeated in more than 50 
per cent of the cases91. The prevalence of “pathology-
confirmed endometriosis” is indeed relatively low 
among multiparous women confirming the protective 
effect of multiple full-term pregnancies92,93. Therefore, 
rather than surgery, a “symptom-oriented” treatment 
based on 6-month pseudopregnancy regimen, can 
be a first line recommendation to start at the earliest 
stage that endometriosis is suspected. Criteria have 
been established for the presumptive diagnosis of 
endometriosis in the adolescent94. 

	 Because the Cochrane review44 concluded that 
there remains a paucity of information regarding 
the long-term benefits of COCs in the treatment of 
endometriosis, prospective randomized studies using 
a pseudo-pregnancy scheme should be performed in 

adolescents with the presumptive clinical diagnosis 
of early endometriosis. In the absence of severe 
endometriosis a “problem-orientated” rather than 
“lesion-orientated” treatment may be indicated unless 
there is a specific indication for laparoscopic surgery. 
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