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Peritoneal endometriosis, ovarian endometriosis, and adenomyotic
nodules of the rectovaginal septum are three different entities
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Objective: To review the histogenesis of peritoneal, ovarian, and rectovaginal endometriotic
lesions.

Design: The comparison of morphologic, morphometric, and histochemical data observed in
each type of lesion.

Setting: A university hospital department of gynecology.

Patient(s): Patients complaining of infertility or pelvic pain with laparoscopically proved
endometriosis.

Intervention(s): Laparoscopy was performed, and biopsy specimens from the endometriotic
lesions were histologically studied.

Result(s): Three types of endometriotic lesions must be considered: peritoneal, ovarian, and
rectovaginal.-Morphologic and morphometric data show similarities between eutopic endome-
trium and red peritoneal lesions, suggesting that these lesions are the first stage of early
implantation of endometrial glands and stroma. After partial shedding, the red lesions regrow
constantly. The shedding induces an inflammatory reaction, provoking scarification, and the
lesions become black. The subsequent fibrosis leads to areas of white opacification that are
inactive. The pathogenesis of ovarian endometriomas is a source of controversy. Although there
seems to be a consensus concerning the invagination theory, there is still a contradiction between
the implantation theory and the metaplasia theory. We recently showed that the mesothelium
covering the ovary can invaginate into the ovarian cortex, pushing back the primordial follicles.
The presence of mesothelial invagination in continuum with endometriotic tissue suggests that
metaplastic histogenesis of ovarian endometriotic lesions occurs. Rectovaginal endometriotic
nodules must be considered adenomyomas, consisting of smooth muscle with active glandular
epithelium and scanty stroma. Immunocytochemical results show poor differentiation and hor-
monal independence of these lesions and indicate a close relation with their mesodermal miille-
rian origin.

Conclusion(s): Peritoneal, ovarian and rectovaginal endometriotic lesions must be consi-
dered as three separate entities with different pathogeneses. (Fertil Steril® 1997;68:585—
96. © 1997 by American Society for Reproductive Medicine.)
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Several theories relating to the pathogenesis of
endometriosis have been proposed since its first de-
tailed description in 1860 by von Rokitansky (1). The
most widely accepted theory, the transplantation
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theory, was proposed in 1927 by Sampson, (2) who
observed that endometrial cells regurgitated
through the fallopian tubes during menstruation.
Three essential conditions must be met to consider
retrograde menstruation as the explanation for the
pathogenesis of pelvic endometriosis (3). First, endo-
metrial cells must enter the peritoneal cavity
through the fallopian tubes. Second, cells within the
menstrual debris must be viable and able to be
transplanted onto pelvic structures. Third, the ana-
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tomic distribution of endometriosis in the pelvic cav-
ity must be correlated with the principles of trans-
plantation for exfoliated cells.

Numerous studies have demonstrated that reflux
of endometrial cells into the peritoneal cavity during
menstruation is a common physiologic condition in
women with patent tubes (4, 5). The viability of endo-
metrial cells was demonstrated by culture of the
menstrual effluent or peritoneal fluid (6, 7). Experi-
mental studies also proved that endometriosis could
be induced by exposure of the pelvis to increased
amounts of menstrual discharge (8, 9). Implantation
of endometrial tissue also experimentally induced
endometriosis in rabbits (10, 11).

The second condition for the transplantation the-
ory is that cells not only must be viable, but also
must retain the capacity to adhere and proliferate. A
large number of adhesive proteins and proteoglycans
have been determined biochemically during the last
decade. Our group has demonstrated that laminin
and fibronectin are two major adhesion glycopro-
teins that play a key role in anchoring epithelial
cells to basement membranes and stromal cells to
the interstitial matrix, respectively (12, 13).

Integrins are cell-surface glycoproteins that act as
receptors for extracellular matrix (ECM) proteins.
The expression of some integrins has been described
in normal endometrium, where they are important
in the interactions between glandular and stromal
elements (12, 14, 15). The first description of these
glycoproteins in endometriotic tissue was given by
Beliard et al. in 1992. The attachment of endome-
trial tissue fragments to the peritoneum could be
explained by the detection of such cell adhesion mol-
ecules.

Bridges et al. (16) described cyclical changes in
integrin expression, but observed no difference when
comparing endometrial and endometriotic samples.
Beliard et al. (13) did not find any difference in the
expression of laminin and fibronectin in the two tis-
sues. However, in their study, integrin expression
was found to be present around the endometriotic
glands when compared with the endometrium. Such
a difference in the expression of fibronectin receptors
between the endometrium and endometriosis was
not found in the studies of Bridges et al. (16) or Van
der Linden et al. (17).

After the adherence of endometriotic cells to the
basement membrane (peritoneum), local degrada-
tion of the ECM is required. Recently, Marbaix et
al. (18, 19) and Kokorine et al. (20) demonstrated
that the marked decline in P concentration at the
end of the menstrual cycle would initiate the synthe-
sis and activation of matrix metalloproteinases
(MMPs), causing ECM breakdown, tissue collapse,
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and menstruation. Thus, the presence of collagen-
ases was proved during the menstrual period, and
their probable presence in the peritoneal fluid, to-
gether with regurgitated endometrial cells, could be
one of the elements in the local degradation of the
peritoneal ECM.

Recently, Kokorine et al. (21) detected the pres-
ence of MMPs in red peritoneal lesions and in ovar-
ian endometriomas independent of the menstrual cy-
cle, suggesting that such lesions could represent
shedding independent of the decline in P concentra-
tion. This hypothesis was bolstered by detection of
the aminoterminal propeptide of type III procollagen
in peritoneal fluid, which is a sign of increase in the
metabolism of the ECM (22).

Recently, in vitro studies demonstrated that the
invasion index of endometriotic cells was similar to
that of bladder metastatic cell lines, suggesting that
the invasiveness of endometriotic cells may contrib-
ute to the pathogenesis of endometriosis (23). The
anatomic distribution of endometriosis in the pelvic
cavity was described by Jenkins et al. (24) and corre-
lated with the principles of transplantation for exfo-
liated cells. These data suggest that any exposure
of the pelvic peritoneum to menstrual reflux would
result in an increased risk of endometriosis. Because
retrograde menstruation can be considered a physio-
logic occurrence in menstruating women with patent
tubes (4), how can we explain the fact that not all
women are found to have endometriosis at laparos-
copy?

To explain the discrepancy between the occur-
rence of regurgitation and endometriosis, one must
consider the volume of regurgitated menstrual de-
bris, which can be determined by anatomic-mechani-
cal predispositions. Ayers and Friedenstab (25)
showed that uterotubal junction hypotonia occurred
in patients with endometriosis but not in (infertile)
control subjects. Their findings seem to be corrobo-
rated by Bartosik et al. (26), who found more endo-
metrial cells in the abdominal cavity during flushing
of the tubes in patients with endometriosis.

Recently, Salamanca and Beltran (27) demon-
strated that in women with endometriosis, the prop-
agation direction of the subendometrial myometrial
contractive wave in the menstrual phase showed a
predominantly retrograde pattern, whereas in the
control group, it showed a normal antegrade pattern.

Short cycle lengths and long durations of menstrua-
tion with heavy flow, and therefore an increased
exposure to retrograde menstruation, have been re-
ported as risk factors for endometriosis (28). More-
over, there is a high prevalence of endometriosis in
girls with congenital menstrual outflow tract ob-
struction (29, 30). However, even if volume is one

Fertility and Sterility®

el26

VOL. 112 NO. 451 / OCTOBER 2019



important factor, there is no doubt that other etio-
logic factors, such as hereditary contribution and im-
munologic deficiency, also account for implantation
(31, 32).

In 1991, Oosterlynck et al. (33) reported defective
natural killer cell activity in patients with endome-
triosis, also resulting in decreased cellular immu-
nity. This finding could suggest that in patients with
endometriosis, macrophages may not have sufficient
capacity to clean the pelvic cavity of regurgitated
debris (34). Recently, Rana et al. (35) reported a sig-
nificantly higher basal or stimulated in vitro macro-
phage production of tumor necrosis factor-a (TNF-
«) interleukin-8 (IL-8), and IL-10 in the peritoneal
fluid of patients with endometriosis. Tumor necrosis
factor-a and IL-8 are proinflammatory cytokines and
are involved in the angiogenic process (36). More-
over, TNF-a could facilitate the in vitro adherence
process of stromal cells to the mesothelium (37).

The role of trauma or inflammation of the meso-
thelium was suggested by Van der Linden et al. (38),
who cultured endometrial cells on amniotic mem-
branes. Adherence of endometrial cells to the epithe-
lial surface of the amniotic membranes never was
observed when the epithelium was intact. These in-
vestigators suggested that an intact epithelium
could be an important defense mechanism in pre-
venting initial adhesion of retrogradely shed endo-
metrial fragments to peritoneum.

The celomic metaplasia hypothesis proposed by
Meyer (39) states that the original celomic mem-
brane undergoes metaplasia, forming typical endo-
metrial glands and stroma. The celomic metaplasia
theory is supported by the description of cases of
endometriosis in which retrograde menstruation
does not occur and cannot be explained by Sampson’s
(2) theory.

Endometriosis was described in the prostatic utri-
cle of men with prostatic carcinoma who were under-
going high-dose estrogen therapy and in patients
with Rokitansky-Kiister-Hauser syndrome (40, 41),
in whom there is no endometrium capable of being
a source of endometriotic cells. The development of
pelvic endometriosis by a process of metaplasia from
the pelvic peritoneum is consistent with the sup-
posed miillerian potential of this tissue, which has
been referred to as a “secondary miillerian system”
(42). Lauchlan (42) first used this term to refer to all
miillerian-type epithelium (including endometriotic
lesions) located outside the cavities of the original
miillerian ducts. Moreover, common epithelial tu-
mors of the ovary are considered to be derived from
the surface epithelium (celomic epithelium or meso-
thelium) covering the ovary and from the underlying
stroma (43).
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Considering the metaplastic potential of the ovar-
ian surface epithelium, ovarian endometriosis also
could be explained by the metaplasia theory (44, 45).
In spite of the histologic findings of Fujii (44) and
of Nakamura et al. (45), which demonstrated the
transformation of ovarian surface epithelium into
other tissues (ciliated cells and endometrial-type
epithelium), the metaplasia theory has not been sup-
ported widely until now; the transplantation theory
of Sampson (2) has been the most widely accepted.
In the pelvis, three different forms of endometriosis
must be considered: [1] peritoneal endometriosis, [2]
ovarian endometriosis, and [3] endometriosis of the
rectovaginal septum (46).

PERITONEAL ENDOMETRIOSIS

According to morphologic data and morphometric
evaluation of the stromal vascularization, there is
an obvious similarity between proliferative eutopic
endometrium and red peritoneal lesions (47-49).
Morphologically, red peritoneal lesions are located
systematically on the peritoneal surface and are
characterized by numerous proliferative glands with
a columnar or pseudostratified epithelium, as ob-
served in proliferative eutopic endometrium. Hyper-
plastic areas, characterized by an increase in the
number of endometrial glands in relation to the
stroma, are observed in 12% of red lesions (48, 49). In
such cases, making a distinction between peritoneal
lesions and eutopic endometrium is difficult for the
pathologist.

The glandular proliferative status of red lesions
is similar to that observed in eutopic endometrium,
revealing a similar degree of activity. The glandular
proliferation index, immunohistochemically evalu-
ated with the monoclonal antibody Ki-67, is similar
in eutopic endometrium and red lesions during the
proliferative phase (48, 49). The stromal vasculari-
zation, measured by relative surface areas of the
capillaries and stroma, is similar in eutopic endome-
trium and red lesions (47).

An increase in the stromal vascularization is ob-
served during the secretory phase in both tissues,
corroborating the morphologic characteristics in eu-
topic endometrium that have been described by sev-
eral investigators (50, 51). The gradual increase in
the arborization and coiling of spiral arteries during
the preovulatory phase is amplified in the postovula-
tory period.

When compared with eutopic endometrium, the
lower expression of cytokeratin in the epithelium of
peritoneal endometriosis could be interpreted as a
lesser degree of differentiation or as a delay in differ-
entiation (52). In hyperplastic endometrial lesions,
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Figure 1 Hypothesis of the evolution of peritoneal endome-
triosis.

the loss of vimentin expression and the absence of
secretory changes give rise to suspicion regarding
their benign process (53). This also has been inter-
preted as a low degree of cell differentiation.

The loss of vimentin in eutopic endometrium dur-
ing the secretory phase could be responsible for the
cell disorganization associated with an ischemic pro-
cess and could play a role in menstruation and im-
plantation (54). It also may reflect a change in glan-
dular function (52). A similar decrease throughout
the cycle has been observed in eutopic endometrium
and in ectopic peritoneal endometrium. The signifi-
cantly lower vimentin expression in the epithelium
of red lesions led us to suggest that it could be related
to a trend toward hyperplasia.

Our morphologic and morphometric data allow us
to suggest that eutopic endometrium and red perito-
neal lesions are similar tissues, with red lesions be-
ing recently implanted regurgitated endometrial
cells (48, 49). These data constitute an argument
in favor of the transplantation theory for peritoneal
endometriosis (Fig. 1). After endometrial tissue
transplantation, the factors that regulate the attach-
ment phase and thereafter initiate ectopic growth
are not known. Red lesions are located consistently
on the surface of the peritoneum, which consists his-
tologically of a thin layer of loose connective tissue
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covered with a layer of mesothelium. There is a rich
supply of subperitoneal blood vessels and lym-
phatics (55).

In red, flame-like lesions biopsied together with
the normal peritoneum surrounding them, we re-
cently observed an extensive vascular network be-
tween the stroma recently implanted onto the perito-
neal surface and the peritoneal and subperitoneal
layers, demonstrating the importance of angiogene-
sis in the early stages of development after implan-
tation (48, 49). In our opinion, vascularization of en-
dometriotic implants probably is one of the most
important factors of growth and invasion of other
tissue by endometrial glands (47, 56).

The three-dimensional representation of the vascu-
lar network located at the junction between the red
lesions and the peritoneum revealed to us the main
role of angiogenesis (48, 49). The high stromal vascu-
larization suggested angiogenesis induced by recent
implantation through growth factors or cytokines (57).

One of these angiogenic growth factors, vascular
endothelial growth factor, recently was detected in
the peritoneal fluid of patients with endometriosis
(57). Immunohistochemical studies have demon-
strated the presence of angiogenic factors in eutopic
and ectopic endometrium (58). In 1993, Ferriani et
al. (60) detected fibroblast growth factor immuno-
reactivity in normal and endometriotic tissue, sug-
gesting its role in the proliferation and angiogenesis
of normal and ectopic human endometrium.

Hypervascularization permits further implanta-
tion in the subperitoneal fatty tissue (56). Once im-
plantation has occurred, possibly facilitated by the
natural killer cell defect according to the hypothesis
of Oosterlynck et al. (33), further growth of the le-
sions depends on the formation of new capillaries.
Soluble substances involved in angiogenesis have
been detected in the peritoneal fluid of women with
endometriosis (61).

It seems reasonable that the angiogenic factors,
present in the peritoneal fluid of 58% of women with
endometriosis, facilitate the growth of the endome-
triotic implants. These angiogenic factors could be
produced by peritoneal macrophages, retrogradely
menstruated endometrial cells, or the ectopic endo-
metriotic lesions themselves (61).

The hypothesis that endometriotic implants se-
crete cytokines that recruit and activate peritoneal
macrophages has been proposed (62). Khorram et al.
(62) demonstrated that there were higher concentra-
tions of cytokines in the peritoneal fluid of women
with endometriosis than in that of normal control
subjects. Activated peritoneal macrophages could be
an important source of peritoneal fluid IL-8. Re-
cently, Ryan et al. (63) pointed out a significant cor-

Fertility and Sterility®

el28

VOL. 112 NO. 451 / OCTOBER 2019



Figure 2 (A) Red, flame-like lesion at laparoscopy. Numerous
glands with active epithelium with an abundant stroma are found
on the peritoneal surface (stain, Gomori’s trichome; original mag-
nification, X200). (B) Typical black lesion at laparoscopy (arrow).
Combination of glands, stroma, and intraluminal debris (stain,
Gomori’s trichrome; original magnification, X410). (C) White le-
sion at laparoscopy. Occasional retroperitoneal glandular struc-
tures and scanty stroma (stain, Gomori’s trichrome; original mag-
nification, X200).

relation between the peritoneal fluid IL-8 concentra-
tion and the stage of endometriosis and suggested
that IL-8 is an important angiogenic factor that con-
tributes to the pathogenesis of endometriosis by pro-
moting the neovascularization and proliferation of
ectopic endometrial implants.

Further studies are needed to find a relation be-
tween high peritoneal fluid IL-8 concentrations and
the presence of red peritoneal lesions. Red, flame-
like lesions and glandular excrescences probably are
the first stage of early implantation of endometrial
glands and stroma (48, 49) (Fig. 2A). Their signifi-
cantly higher stromal vascularization and epithelial
mitotic index are responsible for the invasion of ec-
topic sites by glands and stroma.

Thereafter, detachment of glands from viable red
endometrial implants, explained by the presence of
MMPs, could initiate their implantation in other
peritoneal sites, as in a “metastatic” process (21).
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Preliminary data from our group (21) revealed the
presence of MMPs in the stroma of red lesions
throughout the menstrual cycle, although in eutopic
endometrium, MMPs are detected only during the
marked decline in P.

After this partial shedding, the remaining red le-
sion always regrows constantly until the next shed-
ding, but menstrual shedding finally induces an
inflammatory reaction, provoking a scarification pro-
cess that encloses the implant. The enclosed implant
becomes a “black” lesion because of the presence of
intraluminal debris (Fig. 2B). This scarification pro-
cess is probably responsible for the reduction in vas-
cularization, as proved by the significant decrease
in the relative surface areas of the capillaries and
stroma (47).

In some cases, the inflammatory process and sub-
sequent fibrosis totally devascularize the endometri-
otic foci, and white plaques of old collagen are all
that remain of the ectopic implant (48, 49). White
opacification and yellow-brown lesions are latent
stages of endometriosis (47) (Fig. 2C). They probably
are inactive lesions that could be quiescent for a long
time.

In agreement with Brosens (64), we regard red
lesions as early endometriosis and black lesions as
advanced endometriosis (47, 65). White lesions are
believed to be healed endometriosis or quiescent or
latent lesions (47). This hypothesis corroborates the
clinical findings of Redwine (66) and of Goldstein et
al. (67) that red lesions precede the others, and that
with time, their presence decreases, being replaced
by black and ultimately white lesions. Red petechial
lesions are found in adolescents (67).

The shedding and implantation of endometrial
cells is a process that occurs during the initial phase
of reproductive life. The fact that this period is char-
acterized by anovulatory cycles is in accordance with
the hypothesis that anovulation, with a low P con-
centration in the peritoneal fluid, is the favored time
for the implantation of endometriosis (68).

Black lesions rarely demonstrate typical progesta-
tional changes, although some investigators report
that 70% of foci with a cyclic pattern undergo
changes that are considered synchronous (+3 days)
with the eutopic endometrium (48, 49, 69). This
probably is because some basal vacuoles can be ob-
served in some cells (<20%). Nevertheless, this can-
not be interpreted as a typical secretory change be-
cause in order to be considered a secretory change
it has to be demonstrated in >50% of the epithelial
cells and because basal vacuoles also can be observed
in anovulatory cycles or in the absence of P (50, 70).

The comparison of the steroid receptor content of
endometriosis with that of eutopic endometrium and

Nisolle and Donnez Peritoneal /ovarian /rectovaginal endometriosis 589

VOL. 112 NO. 451/ OCTOBER 2019

el29



their cyclic changes is a subject of controversy. The
discrepancy between the results of different studies
may result from the different assay methods used. In
particular, biochemical assays that require a tissue
homogenate obscure the heterogeneity of receptor
content between glands and stroma and between en-
dometriotic implants and nonendometrial tissue
(71). It also could be explained by the selection of
the endometriotic implants; in most studies, both
peritoneal and ovarian lesion data have been consid-
ered together.

Metzger (72) found that the estrogen receptor (ER)
and P receptor (PR) content of endometriotic im-
plants correlated well with the receptor content of
the corresponding endometrium, although only 13%
of endometrial implants were found to be histologi-
cally synchronous with the corresponding intrauter-
ine endometrium. The discrepancy between the ap-
parent lack of histologic response and the apparently
appropriate steroid receptor regulation suggests
that histologic transformation is influenced by fac-
tors other than steroid receptor regulation.

In a quantitative immunohistochemical study, cy-
clic changes were observed in eutopic endometrium
as well as in black lesions (73). The ER content of
glandular epithelium and stroma decreased signifi-
cantly during the secretory phase in the same way
in both ectopic and eutopic endometrium. However,
the ER content was lower in the glandular epithe-
lium of black lesions than in eutopic endometrium.
The PR content and its cyclic changes were similar
in both endometrium and endometriosis, except in
the glandular epithelium during the late secretory
phase, where a persistently high PR content was
observed in black lesions (48, 49).

The ectopic foci are more or less autonomous and
are not governed by the normal control mechanisms
governing the uterine endometrial glands and
stroma. The exact reason why some implants or cells
do not respond to hormonal therapy is not known,
but at least four hypotheses have been proposed: [1]
that the drug does not gain access to the endometrio-
tic foci because fibrosis surrounding the foci prevents
access locally; [2] that endometriotic cells may have
their own genetic programming, whereas endocrine
influence appears to be only secondary and depen-
dent on the degree of differentiation of the individual
cell; [3] that fewer ERs are present in ectopic perito-
neal endometrium when compared with eutopic en-
dometrium; and [4] that the different regulatory
mechanisms of endometriotic steroid receptors may
result in deficient endocrine dependency because the
receptors, although present, are biologically inac-
tive.

In our opinion, the persistence of PR in both the
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epithelium and the stroma of endometriotic lesions
may explain the relative inefficacy of medical ther-
apy and the reason why peritoneal endometriosis
can recur quickly after the cessation of medical ther-
apy (74).

OVARIAN ENDOMETRIOSIS

The pathogenesis of typical ovarian endometriosis
is a source of controversy. The original article by
Sampson (75) on this condition indicated that perfo-
ration of the so-called chocolate cyst led to spillage
of adhesions and the spread of peritoneal endometri-
osis. The findings of Hughesdon (76) contradicted
Sampson’s (75) hypothesis and suggested that adhe-
sions are not the consequence, but rather the cause,
of endometrioma formation. Hughesdon demon-
strated, by serial section of ovaries containing an
endometrioma, that 90% of typical endometriomas
are formed by invagination of the cortex after the
accumulation of menstrual debris from bleeding of
endometrial implants, which are located on the ovar-
ian surface and adherent to the peritoneum.

The site of perforation, as described by Sampson
(75), could represent the stigma of invagination. The
observations of Brosens et al. (77), based on ovarios-
copy and in situ biopsies, were in agreement with
the hypothesis of Hughesdon (76). In 93% of typical
endometriomas, the pseudocyst is formed by an ac-
cumulation of menstrual debris from the shedding
and bleeding of active implants located by ova-
rioscopy at the site of inversion, resulting in a pro-
gressive invagination of the ovarian cortex (77).

Other investigators have suggested that large en-
dometriomas may develop as a result of the second-
ary involvement of functional ovarian cysts in the
process of endometriosis (78). We recently published
a different hypothesis on the development of ovarian
endometriosis (56, 79, 80). Celomic metaplasia of in-
vaginated epithelial inclusions could be responsible
for this pathogenesis (Fig. 3A). This hypothesis,
based on the metaplastic potential of the pelvic
mesothelium, already is a widely accepted theory
on the pathogenesis of common epithelial ovarian
tumors (43).

Although recent papers and debates have tried to
classify endometriomas, there is still considerable
uncertainty (77, 78). We believe that ovarian endo-
metriosis is caused by metaplasia of the invaginated
celomic epithelium (79, 80). Our arguments are as
follows:

1. In our series, we found that 12% of endometrio-
mas were not fixed to the broad ligament and that
Hughesdon’s (76) theory cannot explain the forma-
tion of the endometriomas in these cases.
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Figure 3 (A) Hypothesis of histogenesis of ovarian endometrio-
mas. (B) Continuum between the flat cells of the ovarian surface
mesothelium (M) and the endometrial-type epithelium (E) of the
endometrioma (stain, Gomori’s trichrome, original magnification,
x410).

2. It was not unusual to find multilocular endome-
triomas that could not be explained by the theory
of adhesions and by bleeding of active superficial
implants adherent to the peritoneum.

3. The epithelium covering the ovary, which is the
mesothelium, can invaginate into the ovarian cortex.
Invaginations of the mesothelial layer covering the
ovarian tissue were described by Motta et al. (81)
in animal and human fetal ovaries and also were
visualized in human adult ovaries (48, 49). In our
serial sections of the ovary, we frequently observed
mesothelial inclusions. Under the influence of un-
known growth factors, these inclusions could be
transformed into intraovarian endometriosis by
metaplasia.

4. The fact that primordial follicles were found
surrounding the endometriotic cyst also is in agree-
ment with our hypothesis. When the mesothelium
invaginates deep into the ovary, the follicles located
at the invagination site are pushed concomitantly
with the mesothelium.

5. Our main argument is based upon the presence
of epithelial invaginations in continuum with endo-
metrial tissue, proving the metaplasia theory (48,
49, 79) (Fig. 3B).
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6. Another major argument is related to the dem-
onstration of the capacity of the endometrioma wall
to invaginate secondarily into the ovarian cortex (48,
49, 79). Such secondary invaginations were observed
in 33% of our cases and represent the so-called deep
ovarian endometriosis that actually is just an exten-
sion of the endometrioma wall.

7. Arguments to support our hypothesis also can
be found in the literature. First, endometriomas
have been described in patients with Rokitansky-
Kiister-Hauser syndrome, who do not have a uterus
and, therefore, do not have retrograde menstruation
(41). Second, common epithelial tumors of the ovary
are considered to be derived from the surface epithe-
lium covering the ovary and from the underlying
stroma (43).

Thus, our theory differs from the theories of
Hughesdon (76) and of Brosens et al. (77), who con-
sider that the pathogenesis of the typical ovarian
endometrioma now has been clarified as a process
originating from a free superficial implant that is in
contact with the ovarian surface and is sealed off by
adhesions, with the menstrual shedding and bleed-
ing of this small implant resulting in progressive
invagination of the ovarian cortex and formation of
the pseudocyst.

In our opinion, the endometrioma must be consid-
ered as an invagination but not as the result of the
bleeding of a superficial implant. Metaplasia of the
celomic epithelium invaginated into the ovarian
cortex was proved and explains the formation of the
endometrioma (79, 80). The deep-infiltrating ovar-
ian endometriosis described by our group is only the
consequence of the invagination of endometriotic
tissue into the ovary and probably is responsible
for the recurrence of ovarian endometriosis after
cyst excision or vaporization (48, 49, 82-85). These
findings give us supplementary arguments favoring
the surgical technique already proposed in 1987,
which consists of vaporization of the internal wall
of the cyst (83).

The depth of vaporization is shallow; only the
glandular epithelium and the subjacent stroma have
to be vaporized. There is no need to destroy the fi-
brotic capsule usually found surrounding the endo-
metrioma. This technique avoids the removal of ovo-
cytes, frequently observed when the endometriotic
capsule is removed during ovarian cystectomy.

Recently, Brosens et al. (86) also confirmed that
ovarian cystectomy was not mandatory for the man-
agement of large endometriomas. Their study and
our own strongly suggest destroying only the inter-
nal lining of the endometrioma, histologically repre-
sented by glandular epithelium, endometrial glands,
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Figure 4 (A) Hypothesis of histogenesis of rectovaginal endo-
metriosis. (B) Adenomyotic nodule. Scanty endometrial-type
stroma and glandular epithelium disseminated in proliferative
muscular tissue (stain, Gomori’s trichrome; original magnifica-
tion, X200).

and stroma, to minimize ovarian trauma and avoid
the risk of premature ovarian failure.

ADENOMYOTIC NODULES

Another form of the disease is deep-infiltrating
endometriosis of the rectovaginal septum. In 1922,
Sampson (87) defined cul-de-sac obliteration as “ex-
tensive adhesions in the cul-de-sac, obliterating its
lower portion and uniting the cervix or the lower
portion of the uterus to the rectum; with adenoma
of the endometrial type invading the cervical and
the uterine tissue and probably also (but to a lesser
degree) the anterior wall of the rectum.” The endo-
metriotic nodule of the rectovaginal septum was con-
sidered by Koninckx and Martin (88) to be the conse-
quence of deep-infiltrating endometriosis, and these
investigators described three subtypes of deep endo-
metriosis according to the depth of infiltration.
The rectovaginal septum endometriotic nodule was
considered to be the deepest form of endometriosis
and to result from the natural evolution of peritoneal
endometriosis in some women.

For us, the nodule of the rectovaginal septum is a
different entity than peritoneal endometriosis that
has another pathogenesis, and we strongly suggest
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that it corresponds to an adenomyotic nodule origi-
nating from miillerian rests by a process of metapla-
sia (46, 48, 49, 56, 89, 90) (Fig. 4A).

Deep vaginal endometriosis associated with pelvic
endometriosis can take the form of nodular or poly-
poid masses, involving the posterior vaginal for-
nix (88, 89, 91). The differential diagnosis of vaginal
endometriosis, particularly the superficial type, in-
cludes vaginal adenosis of the tuboendometrial vari-
ety, but the latter lacks endometrial stroma and the
characteristic inflammatory response of endometrio-
sis (92). In the uterus corpus, adenomyosis is a com-
mon condition characterized pathologically by the
presence of endometrial glands and stroma within
the myometrium.

Adenomyosis exhibits a varied functional response
to ovarian hormones. Proliferative glands and
stroma usually are observed in the first half of the
menstrual cycle. Adenomyosis may not respond to
physiologic levels of P, and secretory changes fre-
quently are absent or incomplete during the second
half of the menstrual cycle. Similar histologic obser-
vations can be made at the level of the endometriotic
rectovaginal nodule, which is, like an adenomyoma,
a circumscribed nodular aggregate of smooth mus-
cle, endometrial glands, and, usually, endometrial
stroma (46, 56, 90). This lesion originates from the
tissue of the rectovaginal septum and consists essen-
tially of smooth muscle with active glandular epithe-
lium and scanty stroma (Fig. 4B).

The invasion of the smooth muscle by active glan-
dular epithelium without stroma proves that the
stroma is not mandatory for invasion and that the
nodule is different from peritoneal endometriosis, in
which epithelial glands are surrounded systemati-
cally by endometrial-type stroma (48, 49). The simi-
larity of histologic descriptions of uterine adeno-
myosis have led us to suggest, like Brosens (64), that
the so-called endometriotic nodule of the rectovagi-
nal septum is the same as an adenomyoma or an
adenomyotic nodule. Nevertheless, the coexpression
of vimentin and cytokeratin indicates a close relation
with their mesodermal miillerian origin (48, 49, 90).

The significantly lower vimentin expression in the
epithelium of nodules, when compared with black
lesions and eutopic endometrium, has led us to sug-
gest, as we have for red peritoneal lesions, that a
low expression of vimentin can be related to a trend
toward hyperplasia (563, 90). The invasion of the
smooth muscle of nodules by glandular cells without
stroma is often seen clearly.

In recent studies, we described the differences ob-
served between peritoneal and nodular lesions and
suggested that the nodule is not the consequence of
deep-infiltrating endometriosis but is the same as an
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adenomyotic nodule, which develops from miillerian
rests by metaplasia (46, 48, 49, 90). Smooth-muscle
proliferation and fibrosis, consistently observed, are
responsible for the nodular aspect of endometriosis
located in the rectovaginal septum. The clinical diag-
nosis is made only when smooth-muscle prolifera-
tion is sufficient to be felt by vaginal examination.

At least two hypotheses could explain this smooth-
muscle proliferation: [1] endometriotic foci involving
smooth muscle typically are associated with striking
proliferation of the smooth muscle, creating an
adenomyomatous appearance similar to that of
adenomyosis in the endometrium (93); and [2] the
endometriotic stroma may exhibit smooth-muscle
metaplasia, as has been demonstrated within the
wall of ovarian endometriotic cysts (94).

We believe that the first hypothesis is the more
tenable. The presence of smooth muscle in the organ
affected by endometriosis is necessary for smooth-
muscle proliferation. When endometriotic glands af-
fect the rectovaginal septum, which contains smooth
muscle, smooth-muscle proliferation can take place
and the nodule thus develops. Hyperplasia of the
smooth muscle present in the septum provokes peri-
visceritis visible at radiography because of the in-
flammatory process and secondary retraction of the
rectal serosa. The absence of evolution of the rectal
lesion after removal of the nodule supports our hy-

pothesis concerning its pure rectovaginal septal ori-

gin (46, 89).

The variations in the ER and PR content of
nodules throughout the cycle suggest that they prob-
ably are not regulated by steroids. In our study, the
very low glandular epithelial and stromal ER con-
tent during the follicular phase can explain the ab-
sence of any secretory change in the glandular epi-
thelium of the nodule (48, 58, 90). A recent study
suggested that a low ER level was the key factor
in explaining the out-of-phase endometrium despite
normal P levels, but the reduction in PR also could
cause resistance to P action and result in inadequate
secretory transformation (95).

The absence of response to P levels suggests that
the different regulatory mechanisms of endometrio-
tic steroid receptors result in deficient endocrine de-
pendency or that the receptors are present but bio-
logically inactive (96, 97). The low mitotic activity,
another low steroid receptor content observed in this
pathology, can account for the relatively slow evolu-
tion of the adenomyoma and for the weak response
to medical therapy, necessitating surgical excision
(89, 98).

In cases of rectovaginal nodules, hyperplasia of
the smooth muscle present in the septum provokes
perivisceritis visible at radiography because of the
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inflammatory process and secondary retraction. This
perivisceritis phenomenon is not an endometriotic
rectal lesion or an invasion of the rectal wall by the
endometriotic process, as has been suggested by
many investigators. In our opinion, it is only the
consequence of serosal retraction caused by the in-
flammatory process and fibrosis on the anterior wall
of the rectum.

The absence of evolution of the rectal lesion after
removal of the nodule supports our hypothesis con-
cerning its rectovaginal septal origin and strongly
suggests that it is not necessary to excise the ante-
rior wall of the rectum in such circumstances. How-
ever, excision of the nodule and the vaginal mucosa
located in front of it is essential because of the pres-
ence of endometriotic glands in contact with the va-

gina.
CONCLUSION

Peritoneal endometriosis, the different aspects
(black, red, and white) of which represent distinctive
steps in the evolutionary process, can be explained
by the transplantation theory. Red lesions are the
most active and most highly vascularized lesions and
are considered to be the first stage of peritoneal en-
dometriosis.

According to our histologic findings, celomic meta-
plasia of invaginated epithelial inclusions could be
responsible for the development of ovarian endome-
triosis. The epithelium covering the ovary, which
originally derives from the celomic epithelium, has
great metaplastic potential and provokes epithelial
inclusion cysts by invagination. Under the influence
of unknown growth factors, these inclusions could
be transformed into intraovarian endometriosis by
metaplasia.

The rectovaginal endometriotic nodule is an aden-
omyotic nodule whose histopathogenesis is not re-
lated to the implantation of regurgitated endome-
trial cells but to metaplasia of miillerian remnants
located in the rectovaginal septum. Metaplastic
changes of miillerian rests into endometriotic glands
involving the rectovaginal septum are responsible
for the striking proliferation of the smooth muscle,
creating an adenomyomatous appearance similar to
that of adenomyosis in the endometrium.
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