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Endometriosis is considered primarily a disease of the
endometrial–subendometrial unit or archimetra. The
clinical picture of endometriosis characterises this
disease as a hyperactivation of genuine archimetrial
functions such as proliferation, inflammatory defence
and peristalsis. While the aetiology of the disease remains
to be elucidated, a key event appears to consist in the
local production of extraovarian oestrogen by a
pathological expression of the P450 aromatase. The
starting event may consist in a hyperactivity of the
endometrial inflammatory defence, a hyperactivity of
the endometrial oxytocin/oxytocin receptor system or in
the pathological expression of the P450 aromatase
system itself. Regardless of which of these levels the
starting event is localized in, they influence each other on
both the level of the archimetra and the endometriotic
lesions. Locally elevated oestrogen levels inevitably
up-regulate the endometrial oxytocin mRNA and
increased levels of oxytocin result in uterine hyper-
peristalsis, increased transtubal seeding of endometrial
tissue fragments and finally subfertility and infertility by
impairment of the uterine mechanism of rapid and
sustained sperm transport. Locally increased levels of
oestrogen lead, on both the level of the
endometrial–subendometrial unit and the endometriotic
lesion, to processes of hyperproliferation. These
processes result, on the level of the uterus, in an
infiltrative growth of elements of the archimetra into the
neometra and, on the level of the endometriotic lesion, in

infiltrative endometriosis. There is circumstantial
evidence that trauma might be an important initial event
that induces the specific biochemical and cellular
responses of the archimetra. This model is able to explain
both the pleiomorphic appearance of endometriosis and
the, up until now, enigmatic infertility associated with
mild and moderate endometriosis.
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Introduction

The aetiology and pathogenesis of endometriosis, which is
the ectopic occurrence of endometrial tissue, has been
enigmatic from its very first description until today. In
consequence, neither practicable preventive measures
against its development nor a causal treatment of this
condition exist. Current treatment focuses on the lesions by
medical or surgical means, with the high probability of
recurrence of the lesions. Endometriosis may be
asymptomatic and diagnosed only during a sterility work-up
or it may cause severe discomfort. In any event, this disease
is of paramount clinical importance in gynaecology and
reproductive medicine and therefore a focus of continuing
basic and clinical research.

As a result of presently prevailing theories such as the
theories of coelomic metaplasia and transtubal transport of
endometrial tissue into the peritoneal cavity and the theory of
Müllerian remnants (for review: Nisolle and Donnez, 1997),
most of the research efforts in the past concentrated on the
endometriotic lesions and their peritoneal environment. Of
these theories, the model of tubal transplantation by means of
retrograde menstruation has gained widest acceptance
(Sampson, 1927). Since, however, almost all women with
patent tubes experience retrograde menstruation and only a
small but significant proportion of women develop
endometriosis, and since therefore retrograde menstruation
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per se cannot account for the development of endometriosis,
additional mechanisms such as an obstruction of menstrual
outflow or a diminished tonus of the utero-tubal junction,
with both resulting in an increased retrograde menstruation,
have been proposed (Nisolle and Donnez, 1997).

Recently, it became apparent that the eutopic
endometrium shares alterations with the ectopic tissue that
are not found in the eutopic endometrium of disease-free
women. These findings have advanced the view that the
primary defect in endometriosis would be located in the
eutopic endometrium, and it has been proposed that cells and
tissue elements derived from such an altered eutopic
endometrium and shed into the peritoneal cavity would have
a higher potential of implantation and growth on peritoneal
surfaces and of development into endometriosis (Wingfield
et al., 1995; Noble et al., 1996; 1997; Jolicoeur et al., 1998).
A major drawback of all theories and mechanisms proposed
so far is that they are unable to explain the frequent
association of mild and moderate endometriosis with
subfertility and infertility and the latter’s persistence after
medical or surgical eradication of the lesions (Hull et al.
1986; Adamson and Pasta, 1994; Berqvist et al., 1997).

Recently, we have been able to demonstrate that, in
patients with endometriosis with the impairment of directed
sperm transport, a fundamental uterine function in the
process of reproduction is disturbed (Kunz et al., 1996;
Leyendecker et al., 1996). These findings not only provided
additional strong evidence that the dysfunction resulting in
endometriosis is primarily located on the level of the uterus
but also showed for the first time a compromise of uterine
function in endometriosis that results in infertility.

In this communication we will attempt to present a model
of the pathogenesis of endometriosis that is based on recent
data from the literature as well as on our own results. We will
incorporate into the model some of the pleiomorphic
findings in endometriosis such as ectopic endometrial
growth, structural changes within the uterus, and functional
alterations such as the subfertility in mild endometriosis.
This requires, first of all, a short review of some aspects of
the structure of the uterus and of its functions in the very
early process of reproduction.

The concept of the archimetra and its structure
and function

The uterus is composed of two different organs, the inner
archimetra and the outer neometra (Noe et al., 1999).
Phylogenetically and ontogenetically, the archimetra or
endometrial–subendometrial unit constitutes the oldest part
of the uterus (hence its denomination) and is composed of the
epithelial and stromal endometrium and the underlying

stratum subvasculare of the myometrium with a
predominantly circular arrangement of muscular fibres.
While both the endometrium and the subendometrial
myometrium display a cyclic pattern of steroid hormone
receptor expression, the two other layers of the myometrium,
the outer stratum supravasculare with a predominantly
longitudinal arrangement of muscular fibres and the stratum
vasculare consisting of a three-dimensional mesh of short
muscular bundles (Werth and Grusdew, 1898; Wetzstein,
1965), show a continuously high receptor expression
throughout the cycle (Noe et al., 1998). Only the archimetra
is of paramesonephric origin, while the outer layers, the
neometra, are of non-Müllerian origin (Werth and Grusdew,
1898). There is an intimate structural contact between the
stratum subvasculare and the stratum vasculare in that the
muscular fibres of the two layers blend (Werth and Grusdew,
1898). This transitional zone, which constitutes roughly the
inner quarter of the stratum vasculare, exhibits an
intermediate cyclic pattern of steroid receptor expression
(Noe et al., 1999).

The archimetra and the outer layers of the uterus have
different functions during the process of reproduction. While
the stratum supravasculare and the stratum vasculare,
sequentially acquired during evolution in meeting the
requirements for the appropriate forces during parturition
(Noe et al., 1999), only subserve the expulsion of the fetus,
the archimetra has extra fundamental functions in the very
early processes of reproduction. These functions may be
summarized as proliferation and differentiation of the
endometrium for implantation, uterine peristalsis for
directed rapid and sustained sperm transport, and
inflammatory defence. In order to meet these functions, the
components of the archimetra, the epithelial and stromal
endometrium as well as the subendometrial myometrium
constantly undergo fundamental structural and biochemical
changes throughout the cycle (Roberts et al., 1988; Aplin,
1989; Fujii et al., 1989; Guidice and Ferenczy, 1996; Noe
et al., 1998).

Uterine peristalsis

Peristaltic activity of the non-pregnant uterus is a
fundamental function in the process of reproduction and only
recently it became apparent that an impairment of this
function causes infertility (Kunz et al., 1996, 1997;
Leyendecker et al., 1996; Wildt et al. 1998). Uterine
peristalsis only involves the stratum subvasculare of the
myometrium and exhibits cyclic changes in direction,
frequency and intensity (DeVries et al., 1990; Lyons et al.,
1991; Kunz et al., 1996). Only during menstruation are the
contraction waves with lowest frequency and intensity
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directed towards the cervix, while during the other phases of
the cycle, and with highest frequency and intensity during
the periovulatory phase, cervico-fundal peristalsis prevails
(Lyons et al., 1991). Uterine peristalsis subserves vaginal
discharge of the menstrual debris, retrograde menstruation
and rapid as well as sustained sperm transport (Kunz et al.,
1996; Leyendecker et al., 1996). Also high fundal
implantation of the embryo is considered a function of
uterine peristalsis (DeVries et al., 1990).

During the follicular phase, cervico-fundal peristalsis is
controlled by the rising tide of follicular oestradiol (Kunz
et al., 1998a), which induces within the archimetra a cascade
of transcriptional events such as the expression of
endometrial oxytocin mRNA and oxytocin receptor mRNA
(Zingg et al., 1995). Oxytocin has been shown to increase
uterine peristaltic activity (Kunz et al., 1998a). As soon as a
dominant ovarian structure can be visualized by ultrasound,
sperm transport is directed preferentially into the tube
ipsilateral to the dominant follicle (Kunz et al., 1996).
Directed sperm transport by uterine peristalsis is made
possible by the specific structure of the stratum subvasculare
in the fundal and cornual region (Werth and Grusdew, 1898;
Noe et al., 1999) as well as by the specific endocrine stimuli
that reach the upper part of the uterus by means of the
utero-ovarian counter-current system (Einer-Jensen, 1988)
and that are superimposed on those reaching the uterus via
the systemic circulation (Kunz et al., 1998a; 1998b). This
enables the uterus, although it has become an unpaired organ
during evolution and embryogenesis, to function asym-
metrically as a paired one.

Inflammatory defence

Inflammatory defence may be regarded as a
phylogenetically old and specific function of the endome-
trial–subendometrial unit in view of the fact that, in lower
animals, the Müllerian ducts end in a cloaca and that, in the
human, the cervical mucus does not act as a barrier for
passive ascension of inert particles and spermatozoa in the
early follicular phase (Kunz et al., 1996) and in the luteal
phase (Faundes et al., 1981; Kunz et al., 1998c; Wildt et al.,
1998) of the cycle. In the rodent, the endometrium secretes
antibacterial polypeptides (Xu et al., 1995). Mucins such as
MUC1 (Hey et al., 1994; Gipson et al., 1997; Carson et al.,
1998) and monocyte chemotactic protein-1 (MCP-1)
(Jolicoeur et al., 1998) are expressed in human endometrium
and there is an influx of bone marrow-derived white blood
cells into the endometrium during the luteal phase. This
system, together with MUC-1 that is also assumed to be of
importance in the immunological regulation of implantation
(Hey et al., 1994; Surveyor et al., 1995; Loke and King,

1996), is phylogenetically very old and has the
characteristics of an immunological system for allo-
recognition (Loke and King, 1996). As a consequence of the
expression and secretion of MCP-1 and possibly other
chemoattractors, the endometrial surface is colonized with
neutrophils and macrophages (Harper, 1994; Leiva et al.,
1994). The uterine inflammatory defence system appears to
be strongly influenced by ovarian steroids. This has been
demonstrated for the expression of MUC-1 (Surveyor et al.,
1995) and the influx of natural killer cells into the
endometrium (Loke and King, 1996; King et al., 1998), and
in the normal endometrium the chemotactic activity for
macrophages is highest during the proliferative phase of the
cycle (Leiva et al., 1994). Expression of MCP-1, however,
did not differ between the phases of the cycle in normal
women (Jolicoeur et al., 1998).

Alterations of the archimetra in endometriosis

In patients with endometriosis, fundamental alterations of
the archimetra can be demonstrated that involve the gross
anatomical structure, cellular biochemistry, as well as
specific functions such as uterine peristalsis and the
inflammatory defence system. All these changes are most
probably interrelated but the starting point or points of the
disease remain to be elucidated.

The endometrium in endometriosis

Recent research has focused on changes of the eutopic
endometrium in women with endometriosis in comparison
with endometrium of disease-free women. These range from
gross morphological changes such as a polypoid appearance
of the endometrium in hysterosalpingography (McBean
et al., 1996) to microscopic changes in immuno-
cytochemistry such as an aberrant integrin expression
(Lessey et al., 1994), and biochemical changes such as
over-expression of plasminogen activator receptor (Sillem et
al., 1997) and an abnormal endothelial, epithelial and
stromal proliferation (Wingfield et al., 1995). Increased pro-
liferation may correspond to the finding that, in vitro, cells
derived from endometrium of women with endometriosis
secrete more CA 125 (McBean and Brumstedt, 1993) and
that the concentration of CA 125 in the menstrual blood of
such women is increased as compared with that in women
without endometriosis (Takahashi et al., 1990).

Furthermore, eutopic endometrium in endometriosis
expresses complement C3 (Isaacson et al., 1990) and shows
an increased expression of interleukin-6 (Tseng et al., 1996)
and of heat shock proteins (Ota et al., 1997). The
endometrium in women with endometriosis exhibits the
same inflammatory changes that have been found in the
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peritoneal cavity and attracts macrophages (Leiva et al.,
1994; Ota et al., 1996), which are, in the endometriotic
lesions, attracted by MCP-1 (Arici et al., 1997). This
corresponds to the recent finding of an increased expression
of MCP-1 in endometrium of women with endometriosis
(Jolicoeur et al., 1998).

In normal endometrium P450 aromatase is not expressed
(Prefontaine et al., 1990; Noble et al., 1996; Kitawaki et al.,
1997). However, expression of this enzyme, which converts
androgen such as androstenedione and testosterone into
oestrone and oestradiol, could be demonstrated in the
endometrium of women with endometriosis and in the
stroma of endometriotic and in adenomyotic tissue and may
result in an increased local concentration of oestrogen in this
tissue (Yamamoto et al., 1993; Noble et al., 1996, 1997;
Kitawaki et al., 1997). This corresponds to the finding of
elevated oestradiol concentrations in the menstrual blood of
women with endometriosis and adenomyosis in contrast to
those of healthy women, while the respective serum levels
did not differ (Takahashi et al., 1989).

The stratum subvasculare of the myometrium

The stratum subvasculare comprises about one quarter of the
whole thickness of the myometrial wall if measured sagitally
in the posterior wall of the corpus uteri where its diameter is
largest. In MR imaging, the stratum subvasculare appears as
a hypodense halo surrounding the endometrium (Lee et al.,
1985; Brown et al., 1991; Scoutt et al., 1991), initially
considered to represent a hypodense interface between
endometrium and myometrium and therefore termed the
junctional zone (Hricak et al., 1983). Also with
high-resolution vaginal sonography, the stratum
subvasculare can, as in MR imaging, be identified as a
hypodensal zone 3–5 mm in width around the endometrium
(Fleischer et al., 1986;  Kunz, et al., 1998d).

In 30 patients with endometriosis, vaginal sonography
revealed that the hypodensal zone was infiltrated and
significantly enlarged in comparison with that of patients
without endometriosis, and there was no correlation between
the thickness and the stage of the endometriosis (Kunz, et al.,
1998). Since histological and immunocytochemical studies
have not yet been performed concerning the structural
changes of the myometrial wall in endometriosis, it cannot
be stated whether the enlargement of the hypodensal zone
represents merely an expansion of the stratum vasculare or
an infiltration of muscular fibres of the stratum subvasculare
into the stratum vasculare expanding the transitional zone. It
could even represent an infiltration of other components of
the archimetra such as endometrial glands and stroma as
observed in adenomyosis (Brosens et al., 1995, 1998). Since

the whole thickness of the myometrium is not changed in
these patients in comparison with that of healthy women, an
infiltration of the stratum vasculare by the stratum
subvasculare and other archimetrial elements, rather than an
expansion of the latter, is most likely. Preliminary
morphological data suggest that there is, similar to
adenomyosis, a focal endometrial infiltration into the stratum
subvasculare as well as into the stratum vasculare of the
myometrial wall (G.Kunz, M.Noe, M.Herbertz, G.Mall,
G.Leyendecker, unpublished data).

Uterine hyper- and dysperistalsis

Both an increased endometrial oestrogen concentration and
the expansion of the stratum subvasculare or ion infiltration
of endometrium into the stratum vasculare have a
fundamental impact on uterine peristalsis. Locally increased
oestrogen probably further up-regulates endometrial
oxytocin mRNA (Zingg et al., 1995) and the increasingly
released oxytocin results in an intensified peristaltic
stimulation of the circular muscles of the stratum
subvasculare (Kunz et al., 1998a). Since the endometrium
has probably infiltrated the stratum vasculare the muscular
mesh of the stratum vasculare is also stimulated and involved
in  contractile activity. Basal intrauterine pressure is thus
increased (Mäkäräinen et al., 1988; Bulletti et al., 1997) to
result in dysperistalsis in the late proliferative phase with
convulsive contractions of the whole uterus and a complete
break down of uterine sperm transport (Kunz and
Leyendecker, 1996; Leyendecker et al., 1996).

Hyperperistalsis and increased intrauterine pressure may
also be responsible for the increased transtubal transport of
endometrial cells and tissue fragments and their shedding in
the peritoneal cavity. In the early mid-follicular phase of the
cycle, and within 1 min after application, roughly 30% of the
labelled particles are transported into the tubes; during the
midfollicular phase, more than half of this amount is
transported into the contralateral tube, where the
pre-ovulatory isthmical mucous plug (Jansen, 1980) may not
yet have been formed, so allowing transport into the
peritoneal cavity (Leyendecker et al., 1996). This rapid
transport of inert particles demonstrates the enormous power
of the uterine peristaltic pump in endometriosis, and it was
therefore suggested that uterine hyper- and dysperistalsis
constitute the mechanical factors for increased transtubal
seeding of endometrial material in the peritoneal cavity
rather than retrograde menstruation per se (Leyendecker et
al., 1996). Retrograde menstruation may be increased by
uterine hyperperistalsis (Salamanca and Beltran, 1995), but
hyper- and dysperistalsis may also abrade viable endometrial
cells throughout the entire cycle (Leyendecker et al., 1996).



756     G.Leyendecker et al.

Detached endometrial tissue fragments have been shown to
be present in the tube by means of tubal flushing throughout
the menstrual cycle (Bartosik et al. 1986; Kruitwagen et al.,
1991). In those patients with endometriosis, the incidence of
the finding of iatrogenically refluxed endometrial cells was
higher in the luteal phase than during the follicular phase
(Bartosik et al., 1986).

A model of the pathogenesis of endometriosis

Our own data and information included in this review clearly
indicate that it is primarily the endometrial–subendometrial
unit or archimetra from where endometriosis evolves. A
constant feature of endometriosis is its occurrence during the
reproductive period of life, and thus its general dependence
on oestrogenic stimulation. Endometriosis is associated with
proliferative processes within and outside the uterus, with
hyper- and dysperistalsis as dysfunctions of uterine sperm
transport and with a hyperactivated inflammatory response
on both the level of the eutopic endometrium and the ectopic
lesions. Taken together, all these dysfunctions may be
explained on the basis of an increased oestrogen stimulation.
Since, however, serum concentrations of oestradiol in
women with endometriosis and adenomyosis do not differ
from those in normal women (Takahashi et al., 1989;
Leyendecker et al., 1996), it is intriguing to consider locally
elevated oestrogen concentrations as a consequence of the
pathological expression of P450 aromatase (Noble et al.,
1996, 1997) as the key event in the development of
endometriosis.

It has been shown that prostaglandin E2 (PGE2)
constitutes at present the most potent stimulator of the
expression of cytochrome P450arom mRNA in endometrial
stroma (Noble et al., 1997). In animal experiments, oxytocin
induces the production and release of prostaglandin E2 and
F2a from endometrial cells (Gross et al., 1988;
Danet-Desnoyers et al., 1994; Kim and Fortier, 1995;
Asselin et al., 1996; Fuchs et al. 1996; Shemesh et al., 1997).
Thus, a hyperactivated autocrine/paracrine oxytocin
(OT)/oxytocin receptor (OTR) system that exists within the
cells of the endometrial epithelium (Takemura et al., 1993;
Zingg et al., 1995) could be another key event. Since the
OT/OTR system is up-regulated by oestrogen (Zingg et al.,
1995), the OT/OTR/PGE2/P450 aromatase system could be
considered a feed-forward system on both the level of the
endometrium and the endometriotic lesions (Figure 1).
Expression of oxytocin mRNA has been demonstrated in
endometriotic lesions (Mitzumoto et al., 1995).

A hyperactivated endometrial inflammatory response
could also be the key event in the development of
endometriosis or could at least further stimulate its

progression. Attracted and activated monocytes/ macro-
phages secrete many angiogenic and other growth factors
and stimulate stromal proliferation and the production of
pro-inflammatory molecules (Halme et al., 1988; Olive et
al., 1991; Braun et al., 1996; McLaren et al., 1996; Rana et
al., 1996). PGE2 (Karck et al., 1996) and cytokines may
stimulate the expression of endometrial P450 aromatase
(Noble et al., 1997). In turn, elevated endometrial oestrogen
may up-regulate the endometrial OT/OTR system (Zingg et
al., 1995), which stimulates in an autocrine fashion the
production of prostaglandins that feedback on the
endometrial inflammatory defence system and/or directly on
the endometrial P450 aromatase. Locally elevated oestrogen
could also directly stimulate the endometrial inflammatory
defence system (Leiva et al., 1994; Jolicoeur et al., 1998).
Furthermore, hyperactivation of the OT/OTR system would
result in uterine hyperperistalsis, which could in turn activate
the endometrial inflammatory defence system by constant
trauma or constantly increased aspiration of debris and
infectious particles into the uterine cavity.

This picture becomes even more complicated if it is taken
into account that certain phenotypes of endometriotic disease
show a prevalence with respect to age, in that ovarian
endometrioma and recto-vaginal endometriosis are usually
observed in younger women (Nisolle and Donnez, 1997) and
adenomyosis is more frequently encountered in parous elder
women (Parazzini et al., 1997). Some women develop
severe endometriosis following childbirth and some women
present with mild-to-moderate endometriosis, with uterine
hyper- and dysperistalsis being the reason for their primary
sterility (Leyendecker et al., 1996). Furthermore, the disease
may be acquired or a genetic background may be involved
(Malinak et al., 1980; Simpson et al., 1980; Kennedy et al.,
1997). Also environmental factors such as endocrine
disrupters may play a role in the development of
endometriosis (Rier et al., 1993; Bois and Eskenazi, 1994;
Koninckx et al., 1994; Eskenazi and Kimmel, 1995; Mayani
et al., 1997) and, according to data from animal experiments,
the oestradiol receptor and oxytocin receptor systems, may
be involved (Tsai et al., 1997).

In any event, an increased stimulation of the archimetrial
oestrogen receptors, superimposed on the physiological one
by ovarian steroids, appears to be crucial in the
pathophysiology of endometriosis (Item 1, see Figure 1).
This occurs irrespective of the various phenotypes of
endometriosis and the possibly various aetiologies and
starting events of the disease such as an intrinsically
hyperactivated inflammatory response, intrinsically
up-regulated OT/OTR system or an intrinsic pathological
expression of P450 aromatase,
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Figure 1. A schematic representation of the pathophysiology of endometriosis.

Locally increased tissue concentrations of oestradiol (Item
1, Figure 1) may further stimulate the up-regulation of
endometrial oxytocin mRNA (Zingg et al., 1995) resulting
in an increased synthesis and paracrine release of oxytocin
(Item 2, Figure 1). Both exogenous oestrogen and oxytocin
have been shown to increase uterine peristaltic activity
(Figure 2) (Kunz et al., 1998a). Since peripheral oestradiol is
not elevated in women with endometriosis compared with
that of controls (Leyendecker et al., 1996), it is reasonable to
assume that hyperperistalsis in women with endometriosis
(Item 5, Figure 1) is induced by the increased tissue
concentration of oestrogen in the eutopic endometrium
(Takahashi et al., 1989), mediated by increased endometrial

oxytocin. Hyperperistalsis may stimulate in a vicious circle
the inflammatory response system (Item 1, Figure 1) by
constant trauma. In this respect, in infertile women with
mostly mild and moderate endometriosis, hyperperistalsis
with constant trauma at the fundo-cornual raphe of the
subendometrial myometrium (Noe et al., 1998) may even
constitute the primary event.

Endometrial oestrogen may also stimulate the production
of growth factors (Item 3, Figure 1) within the endometrial
stroma that results in processes of proliferation at the
endometrio-myometrial junction (Fujii et al., 1989) and in
the expansion of the endometrium with a possible infiltration
into the stratum vasculare of the myometrium (Item 4, Figure
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Figure 2. The frequency of uterine peristaltic contractions during the follicular phase of the menstrual cycle in healthy women; in those with
endometriosis; in those treated with human menopausal gonadotrophin (HMG), which resulted in unphysiologically high concentrations of
oestradiol in serum; and in normal women treated with an i.v. bolus of oxytocin. The data show that high oestradiol concentrations and bolus
injections of oxytocin, respectively, simulate the significantly increased uterine peristalsis in patients with endometriosis in comparison with
that in healthy women. Values are mean ± SEM (modified from Leyendecker et al., 1996 and Kunz et al., 1998a). VSUP = vaginal sonography of
uterine peristalsis.

1) (Kunz, Noe, Herbertz, Mall, Leyendecker, unpublished).
Both the increased local release of oxytocin and the
structural changes on the level of the myometrium result in
dysperistalsis (Item 5, Figure 1), impeded sperm transport
(Item 6) and functional uterine sterility (Item 7)
(Leyendecker et al., 1996). Prior to the disclosure of
impeded sperm transport as a uterine dysfunction and an
important disturbance in the process of reproduction, sterility
and subfertility associated with mild and moderate
endometriosis were considered as idiopathic.

Hyper- and dysperistalsis increase the amount of
endometrial tissue transported via the tubes into the
peritoneal cavity. This results mostly in mild and moderate
endometriosis (Item 8, Figure 1) which is often
asymptomatic and therefore usually diagnosed during
fertility work-up. Since hyperperistalsis is present already
during the early follicular phase (Leyendecker et al., 1996)
and also during menstruation (Salamanca and Beltran,
1995), retrograde menstruation may be increased or newly
proliferating cells together with stromal elements may be
abraded by the increased peristaltic activity and transported
into the peritoneal cavity. The process of transtubal transport
of endometrial cells and tissue elements is, however,
increased during the whole cycle (Bartosik et al., 1986).

As an autologous tissue, for implantation in the peritoneal
cavity, eutopic endometrial tissue does not necessarily need

to be severely altered with respect to the potential for
implantation and invasion. Otherwise experimental
endometriosis in subhuman primates would not be possible
(Telinde and Scott, 1950; Sillem et al., 1996). That is why
most infertile patients present with low-grade endometriosis
as do fertile women who develop endometriosis following a
long interval of time after their last pregnancy (Moen, 1991;
Moen and Muus, 1991). Thus, in these infertile women, it is
not the dissemination of endometrial tissue in the peritoneal
cavity that causes dysfunction but rather the impeded sperm
transport. That is why treatment focusing on the endometrial
lesions is ineffective in treating infertility (Hull et al., 1988;
Adamson and Pasta, 1994). We would like to denominate
this concept as the ‘hyperperistalsis pathway’ to
endometriosis.

While hyperperistalsis induced by increased local
oestrogen concentrations takes advantage of a pre-existing
physiological mechanism of the archimetra, the potential for
increased proliferation and invasiveness of eutopic
endometrial tissue in consequence of chronically elevated
tissue oestradiol concentrations most probably requires
qualitative changes, presumably genomic
(Starzinsky-Powitz et al., 1998), in the tissues involved.
Thus, infiltrative endometriosis (Item 12, Figure 1)
developing along the ‘hyperproliferative pathway’ would
result from the transtubal transport (Item 11) of eutopic
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Figure 3. A schematic representation of the two principal pathways in the development of endometriosis. Although both hyperperistalsis and
hyperproliferation result from locally increased oestrogenic stimulation, their expression might be different in individual cases. Furthermore,
hyperproliferation might differentially evolve in individual endometriotic implants in the same patient.

endometrium with an increased potential for proliferative
and infiltrative growth (Item 10). At the site of implantation,
inflammatory processes with the involvement of cytokines
and growth factors such as vascular endothelial growth
factor might promote the local disease and result eventually
in adhesions (Item 13) and tubo-ovarian sterility (Item 14).
Furthermore, an increased potential to express P450
aromatase (Noble et al., 1997) and an increased potential for
infiltrative growth (Gaetje et al., 1995) may be acquired at
the level of the endometriotic lesions in response to
cytokines and growth factors that are abundant in peritoneal
fluid of patients with endometriosis.

In addition, and also on the level of the endometriotic
implants, elevated oestrogen levels stimulate the
autocrine/paracrine OT/OTR/PGE2 system, which may
further stimulate the expression of the P450 aromatase. In
endometriosis-derived stromal cells, the stimulation of the
aromatase expression by PGE2 is more pronounced than in
the respective eutopic endometrium (Noble et al., 1997). In
endometriosis developing predominantly along the
‘hyperproliferative pathway’, the symptoms arising from
pelvic endometriosis characterize the clinical appearance of
the disease in addition to the subfertility. A schematic
representation of the two principal pathways in the
development of endometriosis and their clinical
consequences is given in Figure 3.

Adenomyosis (Item 15, Figure 1) has been termed a
junctional zone disease (Brosens et al., 1995, 1998).
Adenomyosis shares, according to this model, some
important pathophysiological steps with endometriosis and
appears to be, indeed, a special variant of endometriosis.
With stroma and epithelium, there is a proliferation and
infiltration of elements of the archimetra into the outer
myometrial layers. There is circumstantial evidence that
local oestrogen concentrations are elevated (Takahashi et al.,
1989) and that cytochrome P450 aromatase is expressed
(Kitawaki et al., 1997). Not infrequently, adenomyosis is
associated with endometriosis and, if adenomyotic nodules
penetrate the uterine serosa, massive pelvic endometriosis
may ensue (Jones and Jones, 1981). The profile of the
patients, however, is often different from that of patients with
endometriosis (Parazzini et al., 1996), which may hint at a
different starting point in the pathophysiology of
endometriosis and ademoyosis respectively, or may indicate
that similar causal events become effective at different stages
during reproductive life. While, according to circumstantial
evidence on the basis of endometrial ablation (McLucas,
1994; Yuen, 1995; McCausland and McCausland, 1996)
adenomyosis and possibly also endometriosis of parous and
primarily fertile women may result from trauma and
overreactive repair of the archimetra following pregnancy
and delivery, endometriosis in primarily infertile women
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may result from hpyerreactive repair in response to constant
trauma of the archimetra by chronic hyperperistalsis.

Ovarian endometriomas are believed to result from the
invagination of primarily superficial lesions and
recto-vaginal endometriosis from deep infiltrative
endometriosis in the cul-de-sac. Recently, it was suggested
on the basis of histological characteristics that, while
peritoneal endometriosis would result from transtubal
transplantation, solitary ovarian endometriomas may arise
from metaplasia within ovarian inclusion cysts and
recto-vaginal endometriosis may develop from Müllerian
remnants (Nisolle and Donnez, 1997). Within the context of
our model, this would mean that, in those cases with solely
ovarian endometriomas or solely recto-vaginal
endometriosis, certain characteristics of a primary
involvement of the archimetra would be lacking, including
functional and structural alterations such as expression and
hyperexpression of P450 aromatase (Noble et al., 1996;
1997) and MCP-1 (Jolicoeur et al., 1998), hyper- and
dysperistalsis (Leyendecker et al., 1996), increased
intrauterine pressure (Mäkäräinen et al., 1988; Bulletti et al.,
1997) and infiltrative expansion of the endometrium  (Kunz,
Noe, Herbertz, Leyendecker, unpublished).

In conclusion, evidence is provided in this paper that
endometriosis constitutes primarily a disease of the
archimetra. The view is advanced that this disease takes
advantage of pre-existing physiological mechanisms such as
inflammatory defence, normal proliferative processes in all
layers of the archimetra and uterine peristalsis.
Consequently, pre-existing biochemical regulatory
mechanisms of the archimetra are utilized. Increased tissue
concentrations of oestradiol as a consequence of
pathologically expressed P450 aromatase appear to be a
central event in the pathogenesis of the disease. Whether a
hyperactivated inflammatory response or a hyperactivated
OT/OTR system within in the epithelium is the primary
event of which the triggers are unknown, or whether several
starting mechanisms exist, remains to be elucidated. Since
endometriosis (and adenomyosis) is a very common disease,
its cause or causes, may be unspectacular and closely related
to the process of reproduction. Trauma, such as arising from
uterine peristalsis or hyperperistalsis as well as pregnancy
and delivery, followed by tissue specific hyperreactive
inflammatory response and repair involving specific
biochemical mechanisms of the archimetra as delineated
above, may be considered to be the major events in the
development of the disease. The presented model is able to
explain the hitherto enigmatic infertility in mild-to-moderate
endometriosis.
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