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Abstract Present management of the ovarian endometrioma focuses on the size of the cyst and dictates that surgery should not be
performed unless this exceeds 3 cm, which neglects the complex pathology of this condition. Studies of ovaries with the endome-
trioma in situ show progressive smooth muscle cell metaplasia and fibrosis of the cortical layer as the main ovarian lesion. There is
no correlation between the size of the endometrial cyst and the degree of ovarian pathology: it is the mere presence of an ovarian
endometrioma that has a detrimental impact on the cortical layer’s follicle reserve. Cystectomy in young patients with an endome-
trioma may be particularly detrimental to follicle reserve, with the ovarian parenchyma loss at the time of surgery being related to
the cyst’s diameter. An underutilized diagnostic procedure, transvaginal hydrolaparoscopy with in-situ inspection of the cyst wall by
ovarioscopy, allows careful diagnosis of ovarian pathology and selection of appropriate surgery with minimal invasiveness. Thus,
available evidence shows that expectant management may not be the best choice when an endometrioma is suspected. On the con-
trary, early diagnosis through a minimally invasive technique, followed by early ablative surgery whenever indicated, represents the
management of choice to preserve normal ovarian function. RBMOnline
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Introduction

Current expert opinion dictates that in infertility patients
with an ovarian endometrioma, surgery should not be per-
formed unless the size exceeds 3 cm (Gelbaya et al., 2010).

Such advice has been justified because of the risk of further
decreasing fertility, while at the same time it raises major
concerns. What seems both remarkable and questionable
is the use, not of the pathology so well described in the
old literature, but of the size as key criterion for judging
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both severity of the disease and indication for surgery
(Garcia-Velasco and Somigliana, 2009; Kumar and Balasubr-
amanian, 2012). Moreover, it is illogical that the manage-
ment should vary according to whether the patient is
infertile, has never had a prior diagnosis of endometriosis
or is symptomatic.

This paper intends in the first place to review the ovarian
pathology associated with the endometrioma, secondly to
discuss the risk factors associated with delaying diagnosis
and surgery and finally to discuss how the appropriate sur-
gery can be selected on the basis of ovarian pathology.
Knowledge of the pathology of the ovarian endometrioma
requires investigation of the pathology of ovaries with the
endometrioma in situ. Recently ovarioscopy (i.e. inspection
of the cortical cystic structure under hydroflotation) has
been proposed to assess the cortical pathology of the endo-
metrioma in situ before surgery (Brosens, 1994; Darwish
et al., 2000).

Pathology of the ovarian endometrioma

Intraovarian pathology

A search of the world literature for ovarian pathology asso-
ciated with the endometrioma reveals that only two ancient
authors have investigated systematically a series of ovaries
with the endometrioma in situ, while in recent years pathol-
ogy has been investigated on cystectomy specimens and
biopsies.

Ovaries with endometrioma in situ

Two historical papers have documented the pathology of ova-
ries with endometrioma in situ. The first is the seminal paper
by Sampson (1921) on ‘Perforating hemorrhagic (chocolate)
cysts of the ovary’, describing in a series of 23 cases the main
features of the ovary at the site of ‘perforation’ (i.e. inversion
of the endometrioma). The main features included the follow-
ing: (i) cysts were usually small, between 2 and 4 cm and even
<2 cm, but also occasionally >4 cm; (ii) the presence of ‘ade-
nomyomas’ (currently called deep endometriosis) in the
adhering uterus, parametrium, rectovaginal wall, sigmoid,
etc.; (iii) the endometrial lining manifested similar ‘activity’
as the uterine mucosa during the menstrual cycle; Sampson
observed, in two women operated on at the time of menstru-
ation, endometrial shedding and bleeding in the tissue lining
the wall, which were the proof of their endometrial origin;
(iv) luteal and endometrial lining was present in 9% of cases;
and (v) cysts were bilateral in 35% of cases. Sampson’s first
hypothesis, that rupture of an ovarian endometrioma caused
superficial peritoneal endometriosis, changed after the obser-
vation that in the absence of an endometrioma the free,
superficial peritoneal implants were bleeding like eutopic
endometrium at the time of menstruation (Sampson, 1927).

The second paper, by the pathologist Hughesdon (1957),
described a series of 29 ovaries with chocolate cysts; all
specimens were obtained at the time of hysterectomy in
older, even post-menopausal women. The main features
were as follows: (i) in 90% of the cases, the wall is identifi-
able as cortex, disrupted and disorganized; (ii) in many
instances, invagination is not uniform, but remains on one

side as a more or less definite local mass covering a good
portion of the wall, extending at its margin to surround
the cavity with a relatively thin wall; (iii) owing to stretch-
ing, recognizable survival of inner cortex is not uniform; (iv)
the identity of the inner cortex can be further obscured by
its metaplasia into smooth muscle: metaplasia into muscle
did occur in any of its layers in 86% of the chocolate cysts
and as a result, the inner cortex may become quite unrecog-
nizable by stretching and muscular metaplasia; in addition,
there is no cleavage plane; and (v) luteal and endometrial
lining occurred together in 3% of the specimens.

Smooth muscle cell metaplasia has been described in
deep endometriosis and in the ovarian endometrioma
(Khare et al., 1996; Doss et al., 1999; Anaf et al., 2000).
The pelvic nodules described by Sampson (1921) as ‘adeno-
myomas’ have in recent years been redefined as ‘deep’
endometriosis (Cornillie et al., 1990). Smooth muscle cell
metaplasia in the ovary may be explained in two ways
(Fukunaga, 2000). First, smooth muscle may originate from
metaplastic endometrial stromal cells in endometriotic
foci. Second, it may come from metaplastic ovarian stromal
cells in the rim of endometriosis. The identification of oxy-
tocin receptor, vasopressin receptor, smooth muscle myosin
heavy chain, oestrogen and progesterone receptors leads to
the hypothesis that the endometriosis-associated smooth
muscle cells might be functionally active and be possibly
involved in the generation of pain (De Arellano et al., 2011).

Recent research on the molecular features confirm that
the ovarian endometrioma is a progressive disease associ-
ated with chronic inflammation as manifested by an
increase in reactive oxygen species (Ngô et al., 2009),
expression of vascular endothelium growth factor and
thrombospondin-1 (Tan et al., 2002; Gilabert-Estellés
et al., 2007), presence of nerve fibres (Zhang et al., 2010)
and expression of cyclooxygenase-2 (Cho et al., 2010).
These findings may explain the associated cellular fibrosis
and smooth muscle metaplasia in the affected ovarian
cortex.

Cystectomy specimens

In a recent study of two oophorectomy and 27 cystectomy
specimens from women under the age of 35 years, Scurry
et al. (2001) distinguished four different types of endome-
triotic cysts: (i) cortical invagination cysts; (ii) surface
inclusion cyst-related endometriotic cysts; (iii) physiologi-
cal cyst-related endometriotic cysts; and (iv) unclassified
type. The authors concluded that ovarian cystectomy spec-
imens were more difficult to categorize as the surgical pro-
cedure induces variables such as considerable adherence
between the cyst and the underlying ovarian parenchyma,
the often artificial planes of cleavage and the fragmentation
and tearing of the tissue during the incision. Cortical invag-
ination cysts were the only common diagnosable sort of the
three classifiable types. The presence of oocytes in the
inner wall of the cyst is proof of an inner cortex and allows
diagnosis of the cortical invagination type. However, in
addition to age, the presence of oocytes is influenced by
other factors such as the fibrosis of the wall, smooth muscle
metaplasia and stretching of the cortex, which make the
origin of the cyst frequently unrecognizable.
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Several studies have demonstrated that healthy ovarian
tissue is found adjacent to the wall of the cystectomy spec-
imen in women with ovarian endometrioma (Alborzi et al.,
2009; Biacchiardi et al., 2011). Muzii et al. (2011) concluded
from a prospective trial that the level of expertise in endo-
metriosis surgery is inversely correlated with inadvertent
removal of healthy ovarian tissue along with the endometri-
oma capsule.

Ovarian biopsies from cortex and
endometrioma bed

In a study of cortical biopsies obtained at the most bulging
part of benign ovarian cysts, Maneschi et al. (1993) showed
that ovarian cortex which is stretched and thinned by the
growth of a benign tumour is, in contrast with teratomas
or benign cystadenomas, morphologically altered in the
presence of endometriomata and shows fibrosis, haemosid-
erin-laden macrophages, thickened-wall blood vessels and
reduced follicle complexes. On the other hand, Kitajima
et al. (2011) demonstrated on biopsies obtained from the
ovarian bed after resection of cysts <4 cm in size that the
follicular density is statistically significantly lower than in
cortex from contralateral normal ovaries. In addition, histo-
logical alterations in cortical tissue, such as formation of
fibrosis and concomitant loss of cortex-specific stroma,
were found in cortex from ovaries with endometriomata.
The authors suggest that early diagnosis and intervention
in women with endometriomata may be beneficial to pro-
tect their reproductive function.

Kuroda et al. (2012) obtained a small amount of ovarian
tissue during cystectomy in 61 patients with an endometri-
oma !4 cm and 42 patients with non-endometriotic cysts
to evaluate histologically the density of follicles. The den-
sity of follicles correlated with the age of the patients in
both groups. In women aged <35 years, the relative density
of follicles in healthy ovarian tissues was consistently lower
in the endometriotic cyst group compared with the
non-endometriotic cyst group, with the relative ratio at
age 20, 30 and 35 years calculated to be 35.4%, 46.8% and
62.7%, respectively. There was no significant difference
between the groups in patients over the age of 35. The study
strongly suggests that ovarian endometriomata have a det-
rimental impact of follicle reserve in younger women and
that cystectomy in young patients with an endometrioma
may be particularly detrimental on the follicle reserve. This
is in agreement with the observations of one study demon-
strating that ovarian surgery for endometriomata prior to
IVF results in longer stimulation, higher FSH requirement
and lower oocyte number (Demirol et al., 2006).

Extraovarian pathology

Although the ovarian endometrioma is described as an ovar-
ian cyst, the pathology represents in most cases a pseudo-
cyst with a partial or complete endometrial-like lining of
the cyst and, in addition to the intraovarian metaplasia, also
extraovarian adhesions and endometriosis. These extraovar-
ian implants are likely to occur at the site of ovarian adhe-
sion and invagination and at the ceiling of the ovarian fossa.
In a recent study of 99 consecutive patients with unilateral

or bilateral endometrioma, Mereu et al. (2012) found that
ovarian endometriosis is very often (98%) associated with
posterior broad ligament endometriosis and adhesions; this
was superficial in 29.5% and adenomyotic or deep in 70.5%
of the histological preparations; adenomyotic endometriosis
correlated with preoperative pain. These data are in agree-
ment with Sampson’s observations in 1921.

Risks and late complications

Sampson (1921) clearly showed that there is no correlation
between the size of the endometrial cyst and the degree
of ovarian pathology as manifested by cortical sclerosis
and smooth muscle cell metaplasia. His patients were older
women and although they had severe cortical metaplasia,
the diameter of the cyst varied in the majority between 2
and 4 cm. It is questionable on which basis the ESHRE guide-
lines (Gelbaya et al., 2010) recommend that endometriomas
>3 cm should be removed before IVF. As far as the endome-
trioma size is concerned, there is no consensus on a cut-off
value above which surgical treatment is warranted. It is
acceptable that large endometriomas of 6 cm or more in
diameter may carry additional risks, including increased
likelihood of rupture, infection or presence of malignancy
and therefore the management may differ; nevertheless,
they may be polycystic or partially dysfunctional and repre-
sent an endometrioma with a communicating or non-
communicating luteal cyst, as observed by Sampson (1921)
in 9% of his cases.

Presence of ovarian endometrioma in spontaneously con-
ceived pregnancies is a rare event, but a 4-fold increase has
been reported in recent years, making it today the most
common adnexal mass detected during pregnancy (Ueda
et al., 2010). The endometrioma may not be large but,
although benign, may cause significant complications at
any stage during gestation (Gregora and Higgs, 1998).
Recently, Reif et al. (2011) presented a case of acute hae-
moperitoneum caused by a ruptured endometrioma in a late
twin pregnancy. The increased use of assisted reproduction
technology has led to higher fertility rates in patients with
endometriosis and to a higher incidence of multiple gesta-
tions. The number of pregnant women with endometriosis
and associated complications may rise, particularly when
they are no longer operated on before pregnancy occurs.
Therefore, further monitoring is required to predict risk fac-
tors such as abscess formation or rupture of the endometri-
oma during pregnancy (Brosens et al., 2012).

Pregnancy-related modifications leading to the rapid
development of vascularized intracystic excrescences are
an uncommon but possible event and may suggest malig-
nancy. An expectant management and serial monitoring
should first be envisaged in these cases, provided that other
features of malignancy, such as septations or free fluid, are
absent (Barbieri et al., 2009).

Testa et al. (2011) recently described in a retrospective
study the sonographic characteristics of malignant transfor-
mation in ovarian endometriomata and found that border-
line tumours and carcinomas arising in endometrioid cysts
show a vascularized solid component at ultrasound exami-
nation. A prospective study by Kawaguchi et al. (2008) dem-
onstrated that 46 (0.72%) of 6398 women with ovarian

234 I Brosens et al.



endometrioma developed histologically proven ovarian can-
cer, in the majority clear cell (39%) and endometrioid ade-
nocarcinomas (35%). The risk increased with increasing age
at endometrioma diagnosis. By multivariate analysis,
tumour size !9 cm in diameter and post-menopausal
women were independent predictive factors for develop-
ment of ovarian cancer.

How to assess the ovarian endometrioma in
the clinic

The complex ovarian pathology associated with ovarian
endometrioma requires careful investigation to select the
most appropriate surgical procedure. While the pathologist
claims that ovarian cystectomy specimens are often difficult
to categorize because of the unknown variables, the endo-
scopic surgeon can perform careful evaluation of the macro-
scopic pathology using transvaginal ultrasound and
transvaginal ovarioscopy or endoscopy of the endometriotic
cyst in situ under hydroflotation.

Transvaginal ultrasound

Transvaginal ultrasound is generally considered as a useful
method for early detection of the ovarian endometrioma
and proposed as a reliable method to exclude significant
ovarian endometriosis in patients with infertility (Chamié
et al., 2011). However, a recent critical review on the accu-
racy of ultrasound in the diagnosis of endometriosis found
that all published prospective studies included endometrio-
mata with a diameter of at least 14 mm (Moore et al.,
2002). The technique failed in the detection of smaller ovar-
ian lesions and peritoneal defects. Even a highly attentive
sonographer using high-resolution transvaginal sonography
will systematically miss endometriomata <7–9 mm in
diameter.

Ovarioscopy and guided biopsies

Ovarioscopy has been proposed as a useful tool to differen-
tiate in doubtful cases between a haemorrhagic functional
and an endometriotic cyst and to select the sites for biop-
sies (Brosens, 1994). In contrast with other ovarian cysts,
the walls of the endometrioma show no collapse after flush-
ing, and the lining of the cyst, in this case the ovarian cor-
tex, can be clearly inspected under hydroflotation. In young
infertile patients, a thin layer of vascularized endometrium
is seen partially or fully covering the invaginated cortex.
Fifty-one women with one or two ovarian chocolate cysts
of 3 cm or more were investigated. The study described
the typical characteristics of the inner wall of the endome-
trioma and location of the active red cobblestone-like
implants for biopsy (Figure 1). The colour of the wall makes
it possible to distinguish between pearl-white, normal-look-
ing ovarian cortex and yellow-pigmented and dark fibrotic
depending on the age of the endometrioma (Figure 2).
Small ovarioscopy-guided biopsies revealed endometrial tis-
sue in 82% of the cases versus 42% in large random biopsies.
In a study of 68 women with unilateral or bilateral ovarian
cysts, Darwish et al. (2000) found that ovarioscopy had

the highest specificity for detecting benign ovarian cysts
(98%) compared with 72.6% and 72% for tumour markers
and transvaginal sonography, respectively. Its positive pre-
dictive value was 50% compared with 5% and 6% for tumour
markers and transvaginal sonography, respectively. Its find-
ings agreed with the histopathological diagnosis in 39
patients (57%, P = 0.000, k = 0.85).

Transvaginal hydrolaparoscopy

Transvaginal laparoscopy is performed as a one-step, sin-
gle-access, needle-puncture technique via the pouch of
Douglas using a solution of prewarmed Ringer lactate as dis-
tension medium (Gordts et al., 1998, 2000). The use of
hydroflotation and the absence of the high intra-abdominal
pressure of CO2-pneumoperitoneum of standard laparoscopy,

Figure 1 Ovarioscopy showing typical superficial cob-
ble-stone endometrial implants lining normal ovarian cortex.
Under hydrofloatation, the extensive angiogenesis is visualized.

Figure 2 Ovarioscopy showing the dark fibrotic and pig-
mented ovarian wall reflecting severe metaplasia of the ovarian
cortex.
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allows an accurate 3-dimensional visualization of small
lesions and free-floating vascularized adhesions (Brosens
et al., 2001; Campo et al., 1999), with a contrast and reso-
lution that is far superior than in an environment of CO2 gas.
With the transvaginal entrance, the endoscope is in the
same longitudinal axis of the tubo-ovarian organs, there is
easy access to the fossa ovarica, the preferred initiation site
of endometriotic lesions that can be inspected easily with-
out any additional manipulation. Although there is a
potential risk of rectal needle perforation, these lesions
are considered as minimal complications and can be treated
conservatively with antibiotics (Gordts et al., 2001).

Transvaginal hydrolaparoscopy has been shown as supe-
rior to standard laparoscopy for detection of subtle
endometriotic adhesions of the ovary (Brosens et al., 2001).
Videotapes of standard laparoscopy and transvaginal
hydrolaparoscopy were viewed by an independent observer
in random order and in a blinded manner. The subtle adhe-
sions seen on transvaginal hydrolaparoscopy but not on stan-
dard laparoscopy were filmy, microvascularized and
nonconnecting.

Transvaginal surgery of ovarian endometrioma

The transvaginal approach offers the possibility of early
exploration and the choice of surgical treatment of ovarian
endometriotic lesions. Ovarian endometrioma up to a max-
imum diameter of 3 cm can be treated (Gordts et al., 2003).
In the absence of a panoramic view, major surgery is
excluded. At inspection, the site of inversion can clearly
been seen without disruption of the different structures
and opening of the cyst. As the different planes of cleavage
are easily detected under water, a meticulous dissection is
performed using 5Fr. microscissors and a 5Fr. bipolar coag-
ulation needle and probe. After adhesiolysis, the cyst can be
opened at the site of invagination. Access at the site of
invagination minimizes the ovarian trauma. As the cystic
walls are formed by the ovarian cortex, no collapsing of
the walls occurs. Inside the cyst, careful inspection under
water reveals the presence of endometrial like tissue sur-
rounded by a marked neo-angiogenesis. The bipolar coagu-
lation probe allows accurate under water coagulation for
complete ablation of the inside of the endometriotic cyst
and adjacent endometriotic lesions of the broad ligament
and in the ovarian fossa. Because the procedure is per-
formed under water, there is an absence of carbonization
and diminished risk of post-operative adhesion formation.

Even in endometriotic cysts as small as 1–2 cm, adhe-
sions are frequently present. After dissection between the
place of invagination and the broad ligament, invasion of
endometriotic tissue in the posterior leaf of the broad liga-
ment with fibrosis can be treated. Besides the possibility of
an early diagnosis, the transvaginal laparoscopy offers the
possibility of treatment at an early stage in a minimally
invasive way, limiting the damage to normal ovarian tissue
(i.e. without impairment of the patient’s fertility potential
and the functional prognosis of her ovaries).

This articles has already stressed that ovarian pathology
has been somewhat neglected in randomized studies, and
this is specifically true for the employment of transvaginal
endoscopy followed by ovarioscopy as a tool to select the
type of surgery to be performed in the presence of an ‘early

endometrioma’. At the same time, it should be borne in
mind that there are ethical issues involved in an randomized
controlled trial of this type; indeed, ‘early’ cysts are usually
not ‘intraovarian’ and have no cleavage plane. Under the
circumstances, if the structure of the endometrioma can
be recognized as an inverted pseudocyst with normal cor-
tex, it would not be possible to propose at random an exci-
sion that would harm the ovary.

Conclusions

Surgery of the ovarian endometrioma should in the first
place address preservation of ovarian function by removal
of the endometriotic pathology, which in most cases may
affect the outside of the ovary, but progressively directly
or indirectly affects the cortical layer.

Recent studies have provided evidence that surgical
removal of the endometrioma >3 cm is deleterious to ovar-
ian reserve and function in women with infertility. There
are now convincing data that surgery for removal of the
endometrioma not only is no cure of infertility, but may
even harm follicle reserve and increase the risk of
premature ovarian failure and earlier age at menopause.
The surgical technique of cystectomy for ovarian endome-
trioma has undoubtedly improved in recent years to reduce
damage to the cortical follicular system (Jadoul et al.,
2012; Kondo et al., 2011). Unfortunately, cystectomy spec-
imens provide no information on the degree of smooth
muscle metaplasia and fibrosis in the ovarian wall. In addi-
tion, after healing, the cortex is replaced by scar tissue that
may interfere with the cortical function in follicle matura-
tion and ovulation.

At present, some authors propose expectant manage-
ment rather than cystectomy (Ruiz-Flores and Garcia-Velas-
co, 2012). The question then arises whether management of
ovarian endometrioma is swinging from overtreatment to
undertreatment. Unfortunately, ovarian endometrioma is
not a simple chocolate cyst that can disappear spontane-
ously when it is not more that 3 cm in diameter; on the con-
trary, the pathology of small endometriomas depends not
on the size but largely on the inflammatory disease resulting
in smooth muscle cell metaplasia, fibrosis of the ovarian
cortex and loss of follicles. For this reason the ectopic endo-
metrial tissue should be eliminated, the sooner the better
and irrespective of the size of the cyst.
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