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Non-invasive diagnosis of endometriosis, a revolutionary
step in reproductive endocrinology

Noninvaziv endometriyozis tanisi, lireme endokrinolojisinde

devrimci bir adim

Yavuz SIMSEK?, Murat BULANIK?

ABSTRACT

Endometriosis is defined as the presence of endometrial glands
and stroma out of the uterine cavity. Symptoms of the disease
which affects 10-15% of women of reproductive age are chronic
pelvic pain, dysmenorrhoea, dyspareunia and infertility. Altho-
ugh definitive diagnosis of endometriosis is made by histopat-
hological examination of surgically removed tissue, noninvasive
tests have become important for the diagnosis because of possib-
le difficulties of surgical diagnosis such as patient’s fear of inva-
sive procedures, risks of surgical complication or failure to show
the endometriotic lesions by surgical inspection. To date, there is
not any noninvasive test for the diagnosis of endometriosis that
is routinely used in clinical practice. Developments and standar-
dization in noninvasive diagnostic test instruments are getting
important in terms of early diagnosis (and thus early treatment)
and patient comfort. In this review we are summarizing nonin-
vasive methods which are currently used and discuss a number
of candidate methods including specific serum tests, imaging
modalities and eutopic endometrial markers for the noninvasive
diagnosis of endometriosis have been discussed along with the
relevant literature.

Keywords: Endometriosis, noninvasive diagnostic methods, eu-
topic endometrial markers, serum biomarkers
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Endometriozis, endometriyal gland ve stromanin uterin kavi-
te disinda bulunmasidir. Reprodiiktif ¢agdaki kadinlarin %10-
15’inde gdriilen hastaligin semptomlari arasinda, kronik pelvik
agri, dismenore, disparoni ve infertilite yer almaktadir. Her ne
kadar endometriyozisin kesin tanisi cerrahi olarak ¢ikarilan do-
kunun histopatolojik incelemesi ile olsa da; invaziv yéntemlere
dair hasta korkusu, cerrahi komplikasyon riskleri ya da cerrahi
gézlem ile odagin gésterilememesi gibi olasi zorluklar nedeniy-
le non-invaziv testler ile hastaligin tanisini koyma ¢alismalari
6nem kazanmstir. Giinlimiizde endometriyozis tanisi igin klinik
uygulamada rutin olarak kullanilan non-invaziv bir test bulun-
mamaktadir. Non invaziv tani test araglarindaki gelismeler ve
standardizasyon, erken tani (dolayisi ile erken tedavi) ve hasta
konforu agisindan énemlidir. Bu derlemede, endometriyozis ta-
nisinda kullaniimasi olasi olan non invaziv testler 6zetlenmis,
spesifik serum belirtegleri, gériintiileme yéntemleri ve 6topik
endometrial belirtegleri igeren bir dizi aday tani testi giincel bil-
giler i1siginda tartisiimistir.

Anahtar kelimeler: Endometriyozis, noninvaziv tani yéntemleri,
Otopik endometriyal belirtegler, serum belirtegleri

INTRODUCTION

Endometriosis is one of the most challenging gy-
naecological conditions characterized by the pres-
ence of the endometrial gland and stroma outside
of the uterine cavity'. Although the exact prevalance
of the disease in general population is unknown, it
affects an estimated 176 million women of reproduc-
tive age worldwide. In other words, it affects 10-15%

of women in their reproductive years?. The condition
is mainly characterized by pain including chronic pel-
vic pain, dysmenorrhea and dyspareunia. Infertility is
another hallmark of the disease®.

Diagnosis of disease is based on visualisation of the
lesions during surgery and histological confirmation
of endometriotic tissue outside of the uterus’?. Un-
fortunately, both laparoscopy and laparotomy are
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invasive procedures and the requirement of these in-
vasive procedures is a deterring factor for patients to
make the diagnosis and treatment of disease®. More-
over, surgery is associated with rare but significant
potential risks for the patients, as expected. Another
point is that surgical inspection can not enhance a
definitive diagnosis in some endometriosis patients,
particularly cases with retroperitoneal or rectovagi-
nal endometriosis. Therefore, ongoing efforts are
being made in the relevant literature to develop
noninvasive or less invasive diagnostic tools such as
imaging techniques and biochemical markers for en-
dometriosis.

Development of noninvasive diagnostic test tools for
endometriosis would have a pioneer impact on the
management of these cases, diminishes the delay of
time of diagnosis and improves the patients’ quality
of life by enhancing timely treatment of the condi-
tion.

However, to date, any noninvasive test for the diag-
nosis of endometriosis that is routinely utilised in
clinical practice is not available®. Therefore, there is a
need to produce noninvasive diagnostic tests for en-
dometriosis in order to hasten the diagnostic process
and optimise management of the cases. Thus, a con-
sensus workshop, declared following the 10*" World
Congress of Endometriosis, proposed that, develop-
ment of noninvasive diagnostic tests was one of the
priorities in endometriosis research®.

In this review we summarise the noninvasive meth-
ods which are currently evaluated and discuss new
insights for the noninvasive diagnosis of endometrio-
sis. In addition to the patient history and pelvic ex-
amination, a variety of tests including imaging, se-
rum markers, eutopic endometrium characteristics
or peritoneal fluid components have been suggested
as valuable diagnostic measures for endometriosis.
Although most of these tests are associated with
blood or tissue sampling or with intracavity imaging,
we will define all tests that do not involve anaesthe-
sia and surgery as ‘non-invasive’.
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In this chapter, a number of noninvasive diagnostic
tests of endometriosis in the relevant literature were
evaluated into four main categories: (A) history and
clinical examination; (B) imaging modalities; (C) se-
rum biomarkers; (D) eutopic endometrial markers.

A-History and clinical examination

Although endometriosis is mainly characterized by
pelvic pain, either menstrual or non-menstrual, other
common causes of pelvic pain including adenomyosis,
primary dysmenorrhea and leiomyoma may mimic
the symptoms of the condition. In addition, women
may also be asymptomatic and endometriosis may be
diagnosed incidentally with a finding of an ovarian en-
dometrioma on imaging or endometriosis lesions at
time of surgery for another indication. In their review,
Eskenazi and Warner reported that endometriosis has
been found in 4.1 percent of asymptomatic women
undergoing laparoscopy for sterilization’.

In a retrospective analysis women with endometri-
osis were more likely to have infertility, dysmenor-
rhoea, dyspareunia and abdominopelvic pain com-
pared to healthy controls®. However, another study
demonstrated that these symptoms were not predic-
tive of diagnosis of endometriosis®.

Women with endometriosis may also suffer from
other syndromes characterized by pain such as irrita-
ble bowel syndrome and painful bladder syndrome.
Endometriosis, particularly extrapelvic endometrio-
sis may be associated with bladder or bowel symp-
toms including cyclic hematuria, diarrhea or cyclic
hematochezia.

Although taking history of patient is first step in the
diagnosis of medical conditions, it is not markedly
helpful in the evaluation of women with endometrio-
sis due to the increased prevalence of asymptomatic
disease (2% to 50%), wide range of disease-related
symptoms and the weak association between the pre-
senting symptoms and severity of the condition®°,

What is the diagnostic value of physical examination
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for endometriosis? Some abnormalities on clinical ex-
amination may give clues for diagnosis of endometro-
sis. Local tenderness and nodularity on the pouch of
Douglas or on sacro-uterine ligaments indicate deep
endometriosis (DE), an enlarged and fixed cystic ovar-
ian mass may suggest an endometrioma, and a fixed
uterus or a frozen pelvis may suggest endometriosis-
related adhesions. Although some authors have pro-
posed that nodularity of uterosacral ligaments can be
better diagnosed during menstrual days, no research
have definitively demonstrated this finding'’. Re-
searches have shown that abnormal clinical findings
indicating endometriosis correlate with the presence
of endometriotic foci on laparoscopic observation
in 70%to 90% of the patients. However, most of the
endometriosis-related clinical findings have a wide
range of differential diagnosis'>. Moreover, a normal
gynecological examination does not exclude the con-
dition, as more than half of women with a clinically
normal pelvic examination have been found to have
endometriosis during laparoscopy®®.

Therefore it can be say that history and physical exami-
nation solely are not sufficiently sensitive for diagnosis
of endometriosis and both can be used as parameters
of combined noninvasive diagnostic algorithms.

B-Imaging modalities

Ultrasonography (USG) and magnetic resonance im-
aging (MRI) are major noninvasive imaging tools to
diagnose endometriotic lesions. Ultrasound is cost-
effective and readily available, but user-dependent
and MRI enhances more accurate and objective data
but significantly more expensive.

Endometriosis can be presented in three different
forms: a) endometriotic cysts (endometrioma), deep
endometriotic lesions and superficial endometriotic
implants. Sensitivity and specificity of MRI and USG
change for each type of disease.

Endometriotic ovarian cysts

The effectiveness and accuracy of transvaginal ultra-

sonography (TVS) for the detection of ovarian en-
dometriotic cysts have been proven in the relevant
literature with a considerable number of trials. De-
tection of diffuse homogenous ground-glass internal
echoes, and hyperechogenic foci in cyst wall is the
typical sonographic features of endometriomas. In
their systematic review, Moore et al.* reported that
sensitivity and specificity of TVS were 64-89% and
89-100%, respectively. It needs to be added that
TVS is more useful in the diagnosis of ovarian endo-
metriomas, which have a largest diameter of 2 cm or
more. Sonographic features of endometriomas may
be present in haemorrhagic cysts, dermoid cysts,
ovarian abscess and epithelial ovarian tumors**>,

MRI has higher diagnostic performance than TVS in
detecting endometriomas however this metod has
not been suggested as primary diagnostic tool due
to its high cost. It may be used for the differential
diagnosis of endometriomas in case TVS is indeter-
minant?®,

As the cost of sonography is less than the more so-
phisticated imaging techniques such as MRI, current-
ly TVS is the preferred method of diagnosing ovarian
endometrioma.

Deep endometriosis

Detection of DE is more challenging. Several imaging
methods, such as TVS, transrectal ultrasonography
(TRU), computerized tomography (CT) and MRI have
been used to improve the noninvasive diagnosis of
DE. Bazot et al.'” have reported the potential value
of TVS for the diagnosis DE and confirmed in a larger
study that TVS effectively detected deep endometri-
otic lesions of the rectum. Authors have claimed that
TVS has a sensitivity, specificity, positive and nega-
tive predictive values for the diagnosis of DE as 78.5,
95.2, 95.4 and 77.9%, respectively. Authors also stat-
ed that TVS is less useful for vaginal, uterosacral, and
rectovaginal septum involvement.

In their systematic review and meta-analysis on di-
agnostic accuracy of TVS for noninvasive diagnosis of

117



bowel endometriosis, Hudelist et al. reported a sen-
sitivity of 91% and specificity of 98% for the diagno-
sis of DE of the rectosigmoid®®. The TVS is however
operator dependent and these high diagnostic rates
may not be expected in day-to-day practice, unless
the operator has a special expertise with this tool.

Abrao et al.?® compared the use of bimanual exami-
nation, TVS and magnetic resonance imaging (MRI)
for the detection of DE of the rectosigmoid in 104
patients, demonstrating higher sensitivity and speci-
ficity for TVS when compared with MRI and clinical
examination. Saba et al.?°, on the other hand, report-
ed that TVS and MRI have similar results in the detec-
tion of rectosigmoid endometriosis.

Transrectal ultrasonography may also be used to iden-
tify rectal endometriosis and the depth of lesions, but
it has not been shown to be superior to TVS?..

Although comparative studies are scarce and incon-
sistent, with its low cost and wide availability, TVS
seems to be the first-line noninvasive diagnostic ap-
proach for DE.

Superficial endometriotic implants

The superficial implants are typically 2-3 mm in size
and generally located under the serosal tissue of the
peritoneum, as well as on the surface of pelvic organs.
With time, lesions turn to powder burn appearance
because of repeated haemorrhage and inflammation
with resultant fibrosis and haemosiderin deposition
in them. On the contrary to sucessful diagnosis of
endometriotic cysts and DE, both TVS and MRI have
a low sensitivity for the diagnosis of superficial en-
dometriotic lesions and pelvic adhesions. Currently,
most of the adhesions and superficial implants can-
not be identified without surgery. Nonetheless fat
saturated MRI increases the detection rate of small
haemorrhagic lesions measuring less than 5 mm
from 4% at conventional MRI to 50 percent?.

In sum, currently TVS is the primary imaging method
for the diagnosis of endometriomas and DE.
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C- Serum biomarkers

Currently, increased local and systemic inflammation
has been accepted as major pathophysiology in the
development of endometriosis. Hence, it is possible
that women with endometriosis may have different
levels of cytokines in their peritoneal fluid or system-
ic circulation. Therefore, at least in theory, measure-
ment of several serum markers may detect the en-
dometriosis or aggrevation of previously diagnosed
endometriosis. Serum cytokines, matrix metallopro-
teinases, adhesion molecules, and markers of angio-
genesis have been investigated for this purpose.

Peritoneal markers have also been investigated, but
necessity of obtaining peritoneal fluid make this
method invasive and will not be discussed in this sec-
tion.

Since individual serum markers are not specific for
the diagnosis of endometriosis, studies are underway
to investigate whether the panels of markers is more
successful. Amongst more than 100 serum markers
suggested in the literature, the most studied biomark-
ers will be presented in the following section.

Ca 125

The CA- 125 antigen is a large transmembrane gly-
coprotein derived from both midllerian (fallopian
tubal, endometrial, endocervical) and coelomic
(pericardium, pleura, peritoneum) epithelia. This
biomarker has been used in clinical practice over the
last 20 years. However, in a meta-analysis published
in 1998, Mol et al.?* evidenced that the biomarker’s
performance in diagnosing endometriosis was low.
To date, it is accepted that measurement of CA-125
is reasonable to monitor the diasese recurrence after
treatment rather than the primary diagnosis of the
condition?®2.

Cytokines

Cytokines play a role in controlling cell proliferation
and adhesion, chemotoxis, immune cell activation
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and motility. They are secreted into the extra-cel-
lular environment by leucocytes, macrophages and
other inflammatory cells. It has been hypothesized
that a change in the function of the immune cells
in the peritoneal environment may be an impor-
tant factor for the development of endometriotic
lesions?*%4,

Interleukin 6 (IL-6)

Numerous investigations have reported a relation-
ship between serum IL-6 levels and endometriosis,
however the results are conflicting and a certain
cut-off level of IL-6 for the diagnosis of endometrio-
sis has not been standardized. In case of higher IL-6
levels, a sensitivity of 75-90% and specifity of 51-
83.3% have been reported for the diagnosis of en-
dometriosis®?’. In their prospective cohort study,
on the other hand, Somigliana et al.® reported
that women with and without endometriosis have
similar levels of IL-6. Similarly, Seeber et al.?® have
investigated the use of putative serum markers in-
cluding tumor necrosis factor-alpha, interleukin-6,
macrophage chemotactic protein-1, macrophage
migration inhibitory factor, interferon-gamma, and
CA-125 for the diagnosis of disease, and they re-
ported that only combination of these markers may
aid in the detection of endometriosis rather than
using them singly.

Interleukin 8 (IL-8)

IL-8, also known as neutrophil chemotactic factor, is
a chemokine produced by macrophages and stim-
ulates activation and chemotaxis of neutrophils.
Whilst peritoneal fluid or endometrioma fluid levels
of IL-8 may be raised, a significant difference in se-
rum IL-8 levels between women with endometriosis
and healthy controls was not found®®32, In different
studies however, serum IL-8 levels were higher in
women with early endometriosis and endometri-
omas than controls®*3, To date, there is not enough
evidence for the diagnostic value of IL-8 alone in
endometriosis.

Tumour necrosis factor-alpha (TNF-a)

TNF-a is produced chiefly by activated macrophages
and involved in systemic inflammation with its pro-
inflammatory and pro-angiogenic features. Studies
have shown inconsistent results on serum TNF-a lev-
els in cases with endometriosis.

Some authors reported lack of any difference be-
tween serum levels of TNFa in women with endo-
metriosis and healthy controls**32, others showed
elevated levels of serum TNFa in patients with the
condition?”?. In addition, Cho et al.?® indicated lack
of any difference in serum and urinary levels of TNFa
between healthy women and patients with minimal
and mild endometriosis, but showed a significant
increase in women with advanced stage of endo-
metriosis. On the contrary, one further study dem-
onstrated raised serum TNFa levels in women with
early endometriosis and decreasing levels with more
advanced disease, whilst the serum level of TNF-a
was undetectable in control women,

Monocyte chemotactic protein- 1 (MCP-1)

MCP-1 is a major chemoattractant cytokine that is
produced by fibroblasts in response to tissue injury,
or inflammation. It is known that peritoneal mac-
rophages are often increased in women with the
endometriosis compared with controls. It has been
reported that women with endometriosis with early
or advanced stages have significantly higher blood
MCP-1 levels than control subjects®*3”3°, Othman
et al.?* investigated MCP-1 as a part of a combina-
tion of potential serum biomarkers. They showed
that MCP-1 levels were higher in women with en-
dometriosis, IL-6 was a better marker to differenti-
ate between the healthy controls and endometriosis
patients; the use of combination of MCP-1 and IL-6
was not able to improve sensitivity or specificity of
noninvasive diagnosis of endometriosis.

Other cytokines

IL-1a, IL1b, IL-2, -4, -10, -12, -13, -15, -18, TGF-B, and

119



RANTES (regulated on activation normal T cell ex-
pressed and secreted) are frequently investigated bio-
markers for non-invasive diagnosis of endometriosis.
Several conflicting results have been reported and no
definitive conclusion has been reached?®27,3240-43,

Antibodies

Endometriosis have been found to be related with
defective cell-mediated immunity and activated hu-
moral immunity®. Therefore, an extensive ongoing
research has been focused on circulating autoan-
tibodies that may be a marker of endometriosis or
involved in disease progress. Total immunoglobulin
levels, anti-endometrial antibodies, specific markers
including antibodies against progestagen-associated
endometrial protein, antibodies directed against car-
bonic anhydrase, anti-laminin-1 antibodies, anti-car-
diolipin antibodies were investigated in women with
or without endometriosis, however the results have
been scarce to reach a definitive conclusion®*.

D- Eutopic endometrial markers

Biological features of eutopic endometrium of wom-
en with endometriosis may differ from the endome-
trial tissue of healthy controls. Different gene expres-
sion profile in eutopic endometrium of patients with
endometriosis have been clearly shown in either
experimental and human studies which causes these
cells to have unique characteristics that facilitate
their survival outside the uterine cavity*®>>. There-
fore sampling of endometrial tissue from women
with presumptive diagnosis of endometriosis might
help to confirm the diagnosis of the condition. Al-
though promising, these endometrial markers are in-
vestigational and none of them can be used in clinical
practice, currently.

CONCLUSION
As a widely investigated gynecological condition,
definitive noninvasive diagnosis of endometriosis

should deserve much more attention than the cur-
rent status. Development of accurate and noninva-
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sive diagnostic tests for women with endometriosis
is an unevitable need in reproductive medicine and
this target was emphasized at the international con-
sensus workshop at the 10" World Congress of En-
dometriosis in 2008°. Easily applicable, widely-avail-
able, operator-independent noninvasive diagnostic
methods with high sensitivity would help to timely
treatment of patients and to better understand the
disease pathophysiology. Noninvasive diagnostic
tests would also reduce surgey associated risks and
high costs. Although various serum markers and im-
aging modalities have been explored to date, none of
them have been applied routinely in clinical practice
and surgery is still the mainstay for the diagnosis and
classification of the disease.
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