


1. Clinical symptoms and physical examination in endometriosis

Endometriosis is defined as the histological presence of endometrial glandular tissue

and  stroma  outside  the  uterus.1 It  affects  about  10% of  all  woman  in  reproductive  age.

2Endometriotic lesions are commonly seen on the peritoneum, ovaries, fallopian tubes, uterus,

uterine ligaments, bladder,  intestines, ureters, and rectum.3 It  can also be seen outside the

pelvis,  e.g.;  in  the  lungs,  diaphragm,  and  pericardium.  4,5 Although  there  is  no  precise

information about the etiology of endometriosis, the theory of retrograde menstruation has

been emphasized for years. Immunological and genetic studies on its etiology have recently

focused on the stem cell  theory.4 According to  this theory,  stem cells  can transform into

endometriotic cells due to their plasticity, proliferation, and differentiation capacities. 4,6, 7

It  is  also  thought  that  hormonal  variations  may  play  a  role  in  the  development  of

endometriosis.  8 For  example,  early  menarche  9,10 and  short  menstrual  cycle  9,10 were

associated with increased disease risk. In contrast, parity  10,  11 and oral contraceptive use  12

were associated with decreased risk for endometriosis. The diagnosis of the disease often

delayed,  which  causes  patients  to  live  with  low quality  of  life  for  years.  Although  the

symptoms  usually  begin  to  appear  in  the  adolescent  period,  the  average  delay  time  for
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diagnosis is about 6.7 years. 13 The most important reason for this delay is that a non-invasive

diagnostic test has not been developed to diagnose the disease.

Endometrial implants are affected by circulating estradiol and estrone. 8 Implants, just

like the endometrial tissue, can cyclically undergo proliferation, and hemorrhages may be

seen in  these  foci.  Due to  non-draining  hemorrhages,  irritation,  and  inflammation  in  the

surrounding tissue may form, leading to adhesion formation to develop. These formations can

cause pain just before or during menstruation.

In  patients  with  endometriosis,  chronic  pelvic  pain  2,  severe  dysmenorrhea,

dyspareunia, or dysuria or dyschezia can be seen, according to the location of the endometrial

foci.14 Apart from pain symptoms, approximately 40% of patients with endometriosis have

complaints of infertility.2

The other possible symptom of endometriosis is excessive and prolonged menstrual

bleeding. Abnormal uterine bleeding can be both associated with a risk factor and symptom

of endometriosis.  4,15 There is no correlation between the severity of all these clinical signs

mentioned above and the stage of the disease. 16

Since  endometriosis  could  also  be  observed  in  patients  without  the  disease,  it  is

necessary  to  take a  detailed history to  imply  endometriosis  and perform a  careful  pelvic

examination.

While taking the patient history, age, the age of menarche, menstrual pattern, parity,

pain characteristics,  severity  of  the symptoms,  history  of  surgery,  systemic diseases,  and
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current  medications  should  be  questioned  and  recorded.  Apart  from  a  detailed  history,

appropriate  diagnostic  tests  such  as  BhCG  test,  pap  smear,  vaginal,  and  endocervical

sampling and urinary analysis should also be used in the differential diagnosis.  8 It will be

useful to use visual pain scales when evaluating the pain. Since endometriosis can decrease

the quality of life, the implementation and recording of validated quality of life scores will

guide treatment planning.

In  most  of  the  patients,  generally,  no  significant  physical  examination  finding  is

observed. 8 The most common finding on physical examination is tenderness during posterior

fornix palpation. 8 Apart from this, physicians should pay attention to findings such as uterine

and adnexal tenderness, nodule and tenderness in the sacrouterine ligaments, and pelvic mass.

It is essential in terms of differential diagnosis that chronic pelvic pain may be due to many

different causes such as pelvic adhesions, urological or gastrointestinal diseases. 17

Following  physical  examination,  pelvic  ultrasonography  can  be  performed  to

diagnose  ovarian  endometriosis,  adenomyosis,  ovarian  cysts,  fibroids,  and  other  pelvic

pathologies.  8,18 Sometimes,  magnetic  resonance  imaging (MRI) or  computed tomography

(CT) can be used in the diagnosis, especially to determine the character of the pelvic masses

and to detect endometriotic nodules. Endometriotic lesions and implants that are not seen on

ultrasound can be detected with MRI, mainly due to high-resolution imaging and excellent

tissue  characterization.19 This  imaging  modality  enables  planning  and  mapping  before

surgery, especially in deep infiltrating endometriosis. 19

The  gold-standard  method  in  the  diagnosis  of  endometriosis  still  consists  of

histopathological  examination  of  the  biopsy taken following  the  inspection  of  the  pelvic
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cavity  during  laparoscopy.  Since  laparoscopy  is  an  invasive  procedure,  researchers  are

seeking other methods for the diagnosis of endometriosis. 20,21

           In this review, we aimed to give information about serum markers, imaging methods,

and ongoing studies used as a guide in the diagnosis of endometriosis.

2. Biomarkers in endometriosis

             To prevent a delay in the diagnosis of endometriosis, the development of non-

invasive diagnostic methods is  aimed, and thus many researches have been performed on

serum biomarkers. It is thought that a highly sensitive marker might be useful for detecting

patients  with  endometriosis,  especially  in  cases  of  pelvic  pain  and  subfertility,  where

radiological findings are normal. However, in the light of current literature, a single serum

biomarker or a panel of several markers that allows diagnosing endometriosis has not been

identified yet. 16, 22

Previously,  it  has  been reported that  the concentration of  cancer  antigen-125 (Ca-125),  a

glycoprotein, may be increased in patients with endometriosis (>35 units/ml). However, it has

been  shown  that  Ca-125  may  be  increased  due  to  many  benign  conditions  such  as

menstruation, fibroids, pregnancy, and gastrointestinal tract pathologies. Since this biomarker

may also be increased for malignant disorders as ovarian cancer, its specificity and sensitivity

is  quite  low.  23 Thus,  this  biomarker  does  not  play  a  primary  role  in  the  diagnosis  of

endometriosis. 23-25 It is not recommended to evaluate the recurrence and the risk of malignant

transformation.  26,27 Another glycoprotein studied in the diagnosis of endometriosis is  Ca-

19.9. Although some studies showed the increasing level of Ca 19.9 during the follow-up of

endometriosis, its sensitivity was lower than Ca-125. 22 On the other hand, Ca-19.9 may be

increased in pathologies such as dermoid cysts and benign ovarian cysts like Ca-125 and

especially in pathologies of the gastrointestinal tract. 
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             Human Epididymal Secretory Protein 4 (HE4), another epithelial ovarian cancer

marker,  was  evaluated  if  it  was  useful  in  distinguishing  endometriosis  from  ovarian

malignancies. 28 Studies show that the combination of HE4 and Ca-125 biomarkers has 94%

sensitivity and 78.6% specificity in the differential diagnosis of endometriosis from ovarian

cancers.  29 However, the Risk of Ovarian Malignancy Algorithm (ROMA) index, calculated

using menopausal  status,  HE4, and Ca-125, has found to be with 15% false positivity in

endometriosis. Therefore, it has been reported that the evaluation of these serum biomarkers

with ultrasonography and MRI findings can be more accurate. 30, 31

             Some studies have shown that cytokines, angiogenic factors, and growth factors in

peripheral blood are expressed differently in patients with endometriosis.  22,32 However, the

results in these studies are not generalized due to the limited number of patients, evaluation of

variables  at different  periods of  the menstrual  cycle,  and inclusion of  patients  at  various

stages of endometriosis.  22 The reliability of the results, obtained from the combination of

several serum biomarker panels, is limited due to the number of biomarkers, single variated

statistical analysis, lack of validation in the independent test set. 33-37

         Vodolazkaia  et  al.  evaluated  28  plasma biomarkers  classified  as  glycoproteins,

inflammatory and non-inflammatory markers,  adhesion molecules,  angiogenic factors,  and

growth factors in different menstrual cycle phases according to their biological functions.  38

They demonstrated that two different models consisting of four biomarkers in each (annexin-

V, VEGF, Ca-125, glycodelin, annexin-V, VEGF, Ca-125, and sICAM-1) during menstrual

phase  are  associated  with  81-90%  sensitivity  and  63-81%  specificity  in  undiagnosed

endometriosis cases by ultrasonography. 
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            The increased levels of inflammatory and immunological markers such as IL-1, Il-6,

IL-8, TNF-α, MCP-1, and interferon-γ (IFN-γ) were reported in the literature. However, the

results were not confirmed by subsequent studies.39 There is no consensus yet on whether the

cytokines are helpful to distinguishing endometriosis from other pelvic pathologies.

            In endometriosis, oxidative stress may be increased in the pelvic cavity due to the

retrograde iron-containing menstrual fluid flow. Studies have shown the decreased levels of

paraoxonase (PON-1), high-density lipoproteins and plasma superoxide dismutase, and the

increased  levels  of  total  cholesterol,  triglyceride,  low-density  lipoprotein,  and  lipid

peroxidase. 39 Apart from this, ICAM-1, one of the cell adhesion molecules, was suggested to

be  increased  in  the  early  stage  of  endometriosis,  whereas  to  decreased  in  stage  III-IV

endometriosis.  22 Some  studies  show that  matrix  metalloproteinases  (MMP) facilitate  the

invasion of endometrial tissue fragments into the peritoneum and produce remodeling in the

extracellular matrix;  some reports showed no difference in the expression of MMP-2 and

MMP-9  in  endometriosis.  39 Additionally,  although  there  are  studies  about  Vascular

Endothelial  Growth  Factor  (VEGF),  an  angiogenic  factor;  Pigment  Epithelium  Derived

Factor  (PEDF),  an  angiogenesis  inhibitor;  Epidermal  Growth  Factor  (EGF)  and  Platelet-

Derived Growth Factor, they are not specific and sensitive to endometriosis and not accepted

as serum biomarkers. 39

           In a recent  Cochrane review,  122 serum biomarkers  were compared.  20 These

biomarkers  are  angiogenesis,  growth  factors,  apoptosis  markers,  cell  adhesion  molecules,

hormonal  markers,  immune  system and  inflammatory  markers,  oxidative  stress  markers,

microRNAs, tumor markers, and other proteins have been evaluated in small sample-sized

studies. In addition, a meta-analysis of these biomarkers could only be performed on anti-
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endometrial antibodies, IL-6, Ca 19.9, and Ca-125, since a different cut-off value was used in

each study. Unfortunately, the diagnostic value of each marker could not be generalized, as

they differ significantly between studies. 20,41

As  a  result,  there  is  currently  no  serum  biomarker  to  diagnose  endometriosis.  

3.Sonographic Evaluation in Endometriosis

The most crucial goal in surgery for endometriosis is maximum cytoreduction, taking

into account the patient's future expectations.  For that reason, the first step is to map the

spread and location of the disease preoperatively.41 Transvaginal ultrasonography (TVS) and

magnetic resonance imaging (MRI) are utilized with high sensitivity in preoperative mapping

and  diagnosis  of  the  disease.  Ultrasonography  is  used  as  a  first-line  diagnostic  tool  in

endometriosis with its reasonably high sensitivity, noninvasive technique, and available to

employ  at  any  time.42,43 In  addition  to  detailed  clinical  examination,  kidneys  should  be

evaluated by transabdominal ultrasonography in deep infiltrating endometriosis (DIE).41,44

Most of the endometriosis societies worldwide have been published of their opinions

about the imaging techniques. TVS has limited value in peritoneal endometriosis. However, it

can be used both to make and exclude the diagnosis of an ovarian endometrioma.45 Besides, it

is useful in DIE that infiltrates the vagina, rectum, and the rectovaginal septum.46-49 To detect

silent hydronephrosis, sonography is useful in the evaluation of ureters and kidneys.50 MRI
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should be  specially  reserved for  patients  with  indeterminate  ultrasonography  results  with

rectovaginal,  ureteral,  and bladder  involvement.46,47 In imaging methods,  histopathological

evaluation is mandatory in cases with the heterogeneous complicated ovarian mass and in

cases where malignancy cannot be excluded.44,51Ultrasonographic views of endometriosis are

briefly summarized in table 1 (Table 1).

The Cochrane review emphasized that none of the imaging methods were alternative

to surgery in the diagnosis of pelvic endometriosis. According to this review, the sensitivity

and specificity of pelvic ultrasonography for endometrioma, DIE, and Douglas obliteration

are 93%, 79%, 83%, and 96%, 94%, 97%, respectively.52 The biggest challenge for TVS is

that  it  depends  on  the  experience  of  the  practitioner  and  has  low  reproducibility.49,53

Therefore, the International Deep Endometriosis Analysis Group reorganized the terminology

to standardize the pelvic ultrasonographic examination to minimize the margin of error and

achieve high accuracy.42 This examination includes dynamic ultrasonography and covers the

following steps, respectively; 1) Standard evaluation of the adnexa and uterus (sonographic

findings of the presence and absence of endometrioma and/or adenomyosis) 2) Evaluation of

'soft markers' 3) Real-time evaluation of the Douglas based on the 'sliding sign' 4) Evaluation

of  the  DIE  nodules  in  the  anterior  and  posterior  compartments.42  'Maneuvers  to  detect

'sliding sign';  firstly, the transvaginal probe is placed in the anterior fornix. The uterus is

moved between the probe and the hand placed in the suprapubic area. When it is recognized

that the posterior bladder wall slides over the anterior uterine wall, the anterior compartment

(ureterovesical  area)  is  free,  and  this  is  called "sliding sign".  Otherwise,  'sliding  sign'  is

specified  as  the  negative  and  anterior  compartment  is  obliterated.  The  same approach  is

applied to the posterior compartment (rectovaginal area).49,53 Bowel preparation before TVS
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has  no  additional  benefit  to  the  examination.54 Unlike  the  posterior  compartment,  the

adequacy of  this  technique  is  less  for  the  anterior  (especially  bladder)  and middle (torus

uterus and round ligament) compartments.  49,51,53 The 'soft markers' investigated by TVS are

as  follows;  presence  of  adenomyosis  and  endometrioma,  decreased  ovarian  movement,

presence of 'kissing over' and absence of 'sliding sign'. 55

Ultrasonography is  used as  the  first-line diagnostic  method for  the  diagnosis  of  pelvic

endometriosis.

In  ultrasonography,  the  typical  appearance  of  ovarian  endometrioma  has  been

described as unilocular or multilocular, homogeneous, and low-level echogenicity (ground

glass  appearance)  cystic  masses  with  low-to-moderate  vascularization.  44,46,56 This  typical

image can be seen in 95% of endometriomas and 19% of non-endometrioma cysts.53 

The  'soft  markers'  investigated  by  TVS are  as  follows;  presence  of  adenomyosis  and

endometrioma,  decreased  ovarian  movement,  presence  of 'kissing over'  and absence  of

'sliding sign'.

The ultrasonographic image described as atypical endometrioma is unilocular cystic

masses  with papillary projections.  These papillary projections  are blood clots,  cholesterol

residues, or fibrin residues, unlike extensions of solid tissue. These are often smooth-rounded

and do not contain vascularisation in Doppler sonography.56 This atypical ultrasonographic

image  appears  in  36% of  endometriomas,  and  6% of  non-endometriomas.53 Sonographic

characteristics of ovarian endometriomas may vary with age. While typical ultrasonographic

findings  appear  mostly  at  a  young  age,  atypical  sonographic  findings  such  as  papillary

projections, nodularity, and increased septa thickness are encountered more frequently with
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advancing age. Surgical options, including both benefits and risks, should be counseled with

the patient in perimenopausal patients with long-term (approximately ten years or more) and

recurrent  endometrioma.  Cystic  masses  with  a  ground-glass  appearance  in  the

postmenopausal period have a high risk of malignancy.56

The  sensitivity  and  specificity  of  pelvic  ultrasonography  for  endometrioma,  DIE  and

Douglas obliteration are 93%, 79%, 83%,and 96%, 94%, 97%, respectively.

Endometriomas  with  complex  echogenicity  and  papillary  projection  may  be

misinterpreted as a dermoid cyst or malignant mass. Conversely, dermoid cysts, malignant

masses, or serous cysts can be misclassified as endometrioma. The presence and distribution

of vascularization in papillary projections on the cyst wall should be evaluated by Doppler

ultrasonography.  Color  Doppler  ultrasonography  examination  optimally  depends  on  the

proper  settings  and  quality  of  the  ultrasonography  device,  and  the  experience  of  the

practitioner.  Therefore,  an  adverse  doppler  finding  may  not  guarantee  that  the  cyst  is

benign.53,57,58 MR should be taken into consideration as an additional tool in the management

of cases, which is evaluated as insufficient, and malignancy cannot be excluded. 53,56

In  ultrasonography,  the  typical  view  of  ovarian  endometrioma  has  been  described  as

unilocular  or  multilocular,  homogeneous,  and  low  level  echogenicity  (ground  glass

appearance) cystic masses with low-to-moderate vascularization.

In the ultrasonographic evaluation of endometriosis, other techniques include rectal

contrast bowel-transvaginal ultrasonography (RCW-TVS), transrectal ultrasonography using

a  transvaginal  probe  (TRUS),  sonovaginography  with  saline  or  gel  and  3D  (3D)

ultrasonography. 56 In the review of Deslandes et al., it was emphasized that few studies were
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investigated  alternative  techniques  and  the  accuracy  rates  of  these  techniques  were  not

significantly different from conventional TVS.49 In a study comparing TRUS, TVS, and MR,

it  was  stated  that  the  significant  superiority  of  TRUS  over  TVS  is  exclusively  on  the

evaluation of the uterosacral ligament. It was also asserted that both TRUS and TVS revealed

comparable outcomes with MRI in the diagnosis of DIE. 59 It has been suggested that the use

of TRUS, TVS, and RCW-TVS may help in the diagnosis of  rectum infiltrating DIE.46,50

Although  many  lesions  in  the  lower  colon  can  be  detected  with  high  sensitivity  and

specificity with these methods, they may remain insufficient in the upper colon. MR can be

considered as an additional imaging method in such complex cases. 50

Guerriero  et  al.  established  the  first  comparative  studies  on  2D and  3D TVUSG.

According to this study, no significant difference was found between the two techniques in

the  anterior,  posterior,  and  intestinal  compartments.  60 However,  3D  sonography  is

significantly more reliable compared to 2D sonography on the diagnosis of adenomyosis.  61

In this study, morphologically thickened and altered junctional zone (JZ) in adenomyosis was

evaluated  more  effectively  with  3D sonography.  In  another  study,  it  was  suggested  that

patients who had early-stage endometriosis could be diagnosed by observing the changes that

occurred in JZ.62 Although it  was shown that 3D sonography was more successful  in the

posterior  compartment  than  2D,  it  was  emphasized  that  2D  and  3D  sonography  were

performed  to  investigate  the  presence  of  rectosigmoid  nodule  is  very  dependent  on  the

practitioner  and care should be taken in this regard.63,64 Besides,  the study comparing the

diagnostic efficacy of MRI with 3D recto-sonography emphasizes that 3D recto-sonography

is as successful as MRI but should be utilized by experienced physicians. 65 In a study with

3D Doppler  sonography,  it  was  revealed  that  there  was  an  inverse  relationship  between
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vascularization  rate  in  endometrioma  and  the  severity  of  painful  symptoms.26 There  is

currently no research to support this study.

In conclusion, ultrasonography should be used as a first-line imaging modality in the

diagnosis  of  pelvic  endometriosis.  Likewise,  to  map  the  disease  using  imaging  methods

before surgery allows for optimal operation and personalized treatment.

Tablo1.Ultrasonographic Findings in Endometriosis

Pathology Ultrasonographic Findings
Endometrioma - Unilocular cyst (most common)

- Multilocular, multilocular-solid, unilocular-solid cyst (less common)

- Ground-glass echogenicity

- Absence of vascularization in color doppler
DIE - Hypoechoic lesions with or without a smooth surface

- Hourglass-shaped or diabolo-like nodule

- Moose Antler sign /  Indian headdress  sign (nodule  with prominent

spikes towards the bowel lumen)

- Comet sign (nodule with progressive narrowing, like a tail)

- Thickened and hyperechogenic uterosacral ligaments
Adenomyosis - Enlarged uterus

- Uterine wall asymmetry (not related to myoma)

- Presence of uncertain areas with decreased or increased echogenicity

- Hypoechogenic linear lines

- Myometrial cysts (1-7 mm round anechoic areas)

- Adenomyotic lesions

- Endometrial-myometrial zone (JZ) irregularities
Decidualizeden
dometrioma

- Unilocular-solid or multilocular-solid cyst
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- Ground-glass echogenicity

- Smooth surface papillary projections

- Vascularization in cyst

4. Magnetic resonance imaging in endometriosis

Although endometriosis is usually seen in the pelvic region, it can also be found in

various extra pelvic areas, including the perineum, liver, pancreas, lung, and even the central

nervous system, and in such cases, it is difficult to diagnose. While considering the surgery,

for effective treatment, the goal should be removal all of the endometriotic lesions. 67MRI is

one of the best imaging techniques for the preoperative evaluation of endometriosis due to the

possibility of evaluating the entire pelvic region at once. 

The European Society of Urogenital Radiology (ESUR) association has established

optimal criteria for the diagnosis of pelvic endometriosis  68;  Torus uterinus, thickening or

mass  in  the  middle  upper part  of  the  posterior  cervix;  Uterosacral  ligament  involvement

shows fibrotic  thickening or nodularity  with regular or irregular  borders  compared to the

contralateral  ligament;  Vagina,  thickening  behind  the  posterior  wall  of  the  cervix,   or

obliteration of a mass or hypointense signal of the posterior vaginal wall / posterior vaginal

fornix; Rectovaginal septum, thickening or nodule passing through the lower border of the

posterior lip of the cervix; The disappearance of the adipose tissue plane located between the

rectosigmoid, uterus and the rectum / sigmoid colon, replacement with a mass of tissue that

forms  a  wide angle with the rectosigmoid wall,  or  loss  of  the hypointense  signal  of  the

anterior wall of the rectum / sigmoid colon; Douglas pouch, partial or complete obliteration

with  the  presence  or  absence  of  lateralized  fluid  accumulation;  Parametrium,  low signal

intensity, pelvic wall involvement and ureteral  dilatation; The bladder,usually with a wide
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angle with the nodule or mass, bladder wall extension at the level of the vesicouterine sac or

protrude into the lumen by invading the bladder wall  containing the muscle layer  or the

mucosal  layer.  Round  ligament  shows  fibrotic  thickening  or  nodularity  with  regular  or

irregular borders compared to the contralateral ligament. 

Endometrioma: MRI has a high specificity (> 90%) in determining of the endometriomas.

However, in the differential diagnosis, hemorrhagic cyst (there are no dark spot marks in T2),

teratoma (fat sign is pathognomic), and ovarian cancers (chelates containing gadolinium are

used, contains solid areas) must be considered. It should be remembered that nodules within

the cyst, which is a suspicious finding for ovarian malignancy, can be found generally in 20%

of endometriomas. The nodules in the endometrioma are usually a retracted coagulum and do

not retain with gadolinium-containing chelates. 69

Posterior  Pelvic  Compartment:  In  a  meta-analysis  of  the  use  of  MRI  to  evaluate

rectovaginal  septum (RVS) endometriosis, the sensitivity and specificity of MRI to detect

RVS involvement were reported as 81% and 86%, respectively. In the same meta-analysis,

the sensitivity and specificity of MRI for vaginal endometriosis were reported as 77% and

97%, respectively, while for Rectosigmoid endometriosis, it was reported as 92% and 96%,

respectively. 70

Anterior Pelvic Compartment:  Medeiros et al.  71 reported sensitivity and specificity as

64% and 98% in the meta-analysis included by a total of 1,819 women from 20 studies.

However, these values are stated to be higher in retrospective studies. 72, 73

Lateral Pelvic Compartment: Low signal intensity, presence of pelvic wall involvement,

and ureteral dilation on MRI suggest the diagnosis of parametric endometriosis. In a study by
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Barot et al. 73, MRI had 83.3% sensitivity and 98.6% specificity in diagnosis of endometriosis

located in lateral pelvic compartment.

Magnetic  Resonance  Imaging  (MRI)  is  one  of  the  best  imaging  techniques  for  the

preoperative  diagnosis  of  endometriosis.  MRI  has  a  high  specificity  (>  90%)  in

determining  endometriomas.  The  sensitivity  and the  specificity  of  MRI to  detect  RVS

involvement has been reported as 81% and 86%, respectively.

5.Other Diagnostic Methods in Endometriosis

Although endometriosis is known as a benign disease, complications like rectovaginal

fistula, primer or seconder colostomy, ileostomy, sepsis, heavy blood loss, and bladder or

bowel dysfunction can be seen after endometriosis surgery. 74

 Preoperative evaluation of rectovaginal endometriosis, particularly in patients with

bowel infiltration, is the optimal approach for surgical planning.74

Many  authors  believe  that  colonoscopy  is  a  useful  method  in  excluding  other

diagnoses rather than confirming the diagnosis of intestinal endometriosis due to the rare

occasion of mucosal infiltration in endometriosis.75 The results of a study by Kim et al.  76

demonstrated  that  the  most  common colonoscopic  finding  of  colorectal  endometriosis  is

distortion, recess, intestinal lumen, and granulation-like mucosal changes with polyps, mass,

and erythema. Histological diagnostic value of endoscopic biopsy increases with the presence

of  surface  nodularity.  In  a  study  which  set  out  to  determine  intestinal  involvement  by

colonoscopy in patients with endometriosis, X et al. found that in 76 patients, 38 had serosal,

28 had muscular,  8  had submucosal,  and only 2 had mucosal  involvement.75 Sensitivity,
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specificity, positive predictive and negative predictive values related to colonoscopy use in

the  diagnosis  of  intestinal  endometriosis  were  reported  as  7%,  98%,  85%,  and  58%,

respectively.75

Given all that, colonoscopy is not routinely recommended in patients with deep pelvic

endometriosis. The necessity of bowel resection should not be excluded by obtaining only a

negative colonoscopy result.

Cystoscopy

Deep endometriotic involvement in the urinary system is seen in 1-5% of women with

all endometriosis.  77 The most common endometriosis location in the genitourinary system

has been reported as bladder (84%) and ureters (10%).74  Urethral involvement is divided into

two forms as follows: extrinsic form (80%), which occupies submucosa and adventitia, and

intrinsic form, which (20%) occupies mucosa and muscularis propria.77 Decreased urinary

frequency,  urgency,  dysuria,  and  hematuria  are  among  the  urinary  system symptoms  in

bladder involvement.  Urethral  involvement should be considered in the presence of flank

pain. It should also be remembered that 50% of patients may be asymptomatic. 77

Although history and imaging methods are considered sufficient in the diagnosis of

endometriosis-related genitourinary lesions, cystoscopy is also recommended to confirm the

lesion and make a differential diagnosis and histological diagnosis with biopsy.78

Contrast Agents

Recognition of peritoneal endometriosis lesions during laparoscopy can be difficult

because the lesions are polymorphic and have microscopic dimensions. In order to overcome

these difficulties in the diagnostic process, endometriotic tissues, which cannot be detected

during surgery, can be distinguished from healthy tissue using contrast agents.79
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In  the  review  of  9  studies  in  which  intraoperative  endometriotic  lesions  were

evaluated by using contrast agents; In 4 studies, 5-aminolevulinic acid (5-ALA), in 2 studies,

methylene blue (MB), in one study, indigo carmine (IC), and in 1 study, bloody peritoneal

fluid was used. 6Besides, the use of Indocyanine green (ICG) has also been used to evaluate

sentinel lymph node involvement in cases with both endometriosis and gynecological cancers

in recent years.79

5-ALA, the precursor of Protoporphyrin IX, has been used in a wide range of treatments in

urology, dermatology, gastroenterology, neurosurgery, and gynecology.  80,81 It is applied as

an oral solution dissolved in mineral water or juice before surgery. The solution dose in the

application ranges from 1 to 30 milligrams per kilogram, as there is no consensus. 82,83 Due to

the risk of phototoxicity, it is necessary to filter the operating room lights and cover the skin.

Methylene blue has been used for several purposes for years, such as imaging sentinel lymph

nodes in breast cancer surgery, imaging ureters in urology, and a long evaluation of tubal

patency in gynecology.  84,85Using a methylene blue together with fluorescent imaging, it is

reported that the endometrial tissue is retained more than normal peritoneal tissue. 86

Indigo  Carmine  (IC)  is  used  in  urology  to  localize  ureteral  openings  during

cystoscopy and ureter catheterization. In addition, IC solutions are occasionally utilized in

obstetric surgery to detect amniotic leaks. 87,88

Indocyanine green (ICG) was used as a contrast agent by the FDA in 1959. It was

then used in medicine since the late 1950s for various purposes, such as measuring cardiac

output, examining liver function, and examining the role of retinal vessels. In gynecology, it

is used in sentinel lymph node mapping with fluorescence imaging methods in patients with

endometrial cancer. 89
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Fine Needle Biopsy

Fine  needle  biopsy,  is  a  fast  and  accurate  method  not  only  in  diagnosis  of

endometriosis  before  and  during  surgery,  but  also,  to  certain  the  location  of  the  lesion,

particularly, in case of incisional endometriosis.90

Colonoscopy, cystoscopy and contrast agents can be very useful ancillary tools in planning

of surgery, particularly in cases with deep endometriosis. Colonoscopy may be insufficient

for  diagnosing  endometriosis  with  intestinal  involvement,  and  cystoscopy  should  be

recommended in patients with hematuria.

6. New methods for the diagnosis of endometriosis

The current  gold standard diagnostic  method of  the  endometriosis  is  laparoscopic

surgery, which allowed visual evaluation of the peritoneal cavity and histological diagnosis

of  endometriotic  tissue91-94.  Although  vaginal  ultrasonography  and  MRI  have  sufficient

diagnostic  capability,  they are  inadequate  to  the  determination of  peritoneal  nodules  and

adhesions,  especially  for  deep  infiltrative  endometriosis  patients.16  Some  biomarkers

deliberated to play a role in the pathophysiology of endometriosis have been investigated in

peripheral blood and endometrial tissue samples.  93 However, a meta-analysis reported that

anti-endometrial antibodies, peripheral blood biomarkers such as interleukin-6 (IL-6), CA-

19.9,  and  Ca-125,  have  insufficient  sensitivity  and specificity  for  diagnosing.   The  final

results of recent studies have failed to present satisfying outcomes, and the development of

new technologies led to intensifying the studies for the latest diagnostic methods.
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One of the first trials is micro RNA (miRNAs) studies.  95  miRNAs are short, non-

coding RNA structures that can be released into tissue and circulation. They are included in

exosomes that protected from endogenous RNase degradation due to their combination with

specific  protein complexes.  96 Known RNA fragments  consisting of  18-23 nucleotides  to

modulate gene expression. 97 Up till now, approximately 2500 miRNAs have been identified

in  the  human  genome.  98 They  may be  responsible  for  gene  expression  involved  in  the

development of endometriosis.99 miRNAs expressed in all tissues and regulate many cellular

functions, including cellular differentiation, proliferation, and apoptosis. 100Most miRNAs are

localized in the cell, but significant miRNAs have also been detected in extracellular body

fluids such as plasma, spinal and follicular fluid, saliva, and urine. 101

Many studies in recent years have found that 102-104 miRNAs are abnormally expressed

in endometriotic lesions, tissues, plasma, and other body fluids; hence their diagnostic value

has become the center of interest in recent years.105, 106However, general agreement could not

be reached due to different results conducted on this subject. 107

A  meta-analysis,  which  designed  to  investigate  the  diagnostic  rate  of  circulating

miRNAs in endometriosis patients showed that  108,  specificity   0.86 (95% CI 0.79–0.90),

sensitivity 0.88 (95% CI 0.80–0.93), positive predictive value 7.05 (95% CI 4.20– 11.84), the

negative predictive value is 0.16 (95% CI 11–0.24). The area under the ROC curve was  0.93.

The results  indicated that miRNAs have a high diagnostic value in endometriosis.  108 Also,

Burney et al. evaluated that miRNAs of ectopic endometrium with or without endometriosis

patients, miR-21-5p, are the most differently expressed miRNA in the endometriosis. 108 On

the other hand, Liang et al. found that many miRNAs, including miR-200c and miR-638 and

let-7, were abnormally expressed in the disease.109 
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Moustafa  et  al.,  designed   a  prospective  study  including  six  miRNA  levels  by

quantitative polymerase chain reaction (PCR), in 41 endometriosis patients and 59 healthy

control  groups.95 The study showed that levels of miR-125b-5p, miR-150-5p, miR-342-3p

and miR-451 were significantly  higher in endometriosis patients. At the same time, miR-

3613-5p  and  let-7  were  found  considerably  lower.  Also,  they  examined  the  relationship

between miRNA expression levels and ASRM stages of endometriosis, all  miRNAs were

expressed differently in patients with Stage I / II and Stage III / IV endometriosis compared

to the control group. Still,  the difference between Stage I / II and Stage III / IV was not

significant.

 Furthermore,  they  showed  that  miRNA  expression  levels  were  not  significantly

affected by menstrual cycle phase or hormonal drugs.95 These studies showed that expression

changes,  especially  in  Let-7  and  miR-200  family,  occur  as  promising  new  serological

markers. 111- 115 On the other hand, some studies have found lower sensitivity and specificity

results  in  miRNAs  values.  Vanhie  et  al.  reported  that  miRNA diagnosis  was  limited  in

endometriosis patients since the area under the curve was 60% for 42 miRNA expression. 106

Besides, miRNA expressions can be affected by many factors, including ethnicity, age, body

region, and sample processing procedures (qPCR and NGS). 99, 106,116

Another non-invasive diagnosing method is the Raman spectrophotometer. Raman

spectrophotometry provides information on the molecular structure and chemical bonds of
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substances by detecting inelastic distributed photons. 116 Based on this hypothesis amount of

protein and antigen biomarkers  in  the blood changes of endometriosis, different  chemical

contents in the blood or tissue can be detected by Raman spectrophotometry.117Parlatan et al.

showed that sensitivity 80.5% and specificity 89.7% diagnosis of endometriosis using Raman

spectrophotometry.  117 Besides, Lieber et al. reported that using Raman spectrophotometry

can detect either normal or endometriotic  tissues from benign-cystic or malignant tissues.

118Notarstefano  et  al.  showed  that  the  Raman  micro-spectrophotometer  could  distinguish

luteinized granulosa cells and endometrioma. 119

           Recent studies showed that genetic polymorphism might have played a role in the

development  of  endometriosis.  120 Transcriptomic  and  proteomic  analysis  of  blood  and

endometrial fluids, which categorized "omic" approaches, have been used to evaluate disease

severity of endometrial diseases and even implantation for endometriosis patients. 121

              Genomic study is a biotechnological approach of an organism that examines the

whole genes by various techniques  and different  genetic  features  in the target  groups.  121

Various  techniques  are  used  in  this  investigation;  Genome-Wide  Association  Studies

(GWAS), Whole Genome Sequencing (WGS), Next Generation Sequencing (NGS), Whole

Exome Sequencing (WES), Single Nucleotide Polymorphisms (SNPs) and RNAseq which

consists  of  many  different  techniques.122 Based  on  the  studies  on  twins,  heredity  in

endometriosis patient was estimated approximately 50%. 123

              Genomic fields, especially on 10q26, 20p13 and 7p15.2 chromosomes, may be

associated with the risk of endometriosis.  124 Eight GWAS analysis performed on women

with different ethnic origins, and these studies emphasized that there were increased signals

in the presence of stage III / IV endometriosis. 125 Genes closest to risk have been reported as
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GREB1, VEZT, FN1, IL1A, LINC00339-WNT4, KDR, SYNE1, CDKN2BAS1, PARP1P2,

CCDC170, CDC42, and FSHB genes.  121- 125Rahmioglu et al. showed their meta-analysis  126

total of 58,115 cases, and 733,480 control groups use 15 GWAS, 27 genetic loci associated

with endometriosis, and infertility patients which stage I / II and stage III / IV endometriosis.

78  %  locus  were  found  larger  effect  sizes  in  stage  III  /  IV  compare  to  stage  I  /  II

endometriosis.   Besides,  a  greater  locus  rate  as  63%  was  observed  in  cases  with

endometriosis-associated  infertility  compared  to  patients  with  endometriosis-only.  These

results suggest that specific variants can cause subtypes of endometriosis through different

pathways.

              Some studies studying those epigenomic modifications such as DNA methylation

and histone modification, which affected expression without changing the DNA sequence,

can  cause  endometriosis  by  altering  genes.121-127 Dyson  et  al.  128reported  the  changes  in

methylation of HOX gen family, nuclear receptor genes, and transcription factors in GATA

family (GATA 6) of total 403 genes for the pathogenesis of endometriosis. They concluded

that a higher methylation rate was observed in stromal cells of the endometrium. 

In addition, the nuclear receptor of Steroidogenic factor 1 (SF1) methylated 12,000 times

higher  than  that  in  endometriotic  stromal  cells  was  found  in  the  relevant  studies.  129

Furthermore, some studies have discovered highly elevated estrogen receptor beta (ERb) 

expression in endometriotic stromal cells, depending on the hypomethylated promoter region

in the ESR2 gene  130 which level  was 142 times higher than the normal endometrium.121

Similarly, RAS / RAF / MAPK and PI3 kinase signaling pathway genes irregularity were

detected, and it may have an effected on the pathogenesis of the disease. 131
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Although  all  studies on omics and endometriosis also seem promising in  defining new

therapeutic targets, establishing personalized treatment protocols, and predicting response

to treatment, results cannot be generalized due to gaps in the studies such as designs and

comparability of data.

Hundreds of nominate gene association studies have been tried, but most of

the results  of presumed genes have not been repeated.  133  Although it  is deliberated that

GWAS  studies  may  a  primary  role  causing  endometriosis  for  genetic  disorders,  various

biased  approaches  such  as  designing  different  groups  and  differences  same  phenotypic

features eliminate the reproducibility of the same results. 121 Therefore, not only genes to the

development  of  endometriosis  but  also  hormonal,  functional,  autoimmune,  angiogenetic,

inflammatory,  proliferative and  apoptotic processes,  effects  of  oxidative  stress  and

metabolism, various polymorphisms in the gene loci affecting the cell cycle phase, changes in

tumor suppression genes have been associated with endometriosis. 134 
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The main goal of these studies is to find a new biomarker by combining large numbers (up to

1000) and a wide variety of proteins (cytokines,  chemokines,  adipokines,  growth factors)

using  antibody  sequence  technology.  However,  no  biomarkers  have  been  approved  for

clinical  use yet.  Although blood tests can be practiced,  there is  not  any blood test  being

provided superior to anamnesis, physical examination, and high-quality imaging. More and

further researches are needed to be carried out to evaluate new biomarkers related to how it is

changing  after  endometriosis  treatment,  their  levels  in  infertile  patients,  stage  of  the

endometriosis disease, or their relationship with pain scores.

7.References

1.Giudice LC, Kao LC. Endometriosis. Lancet. 2004; 364(9447):1789–99.

2. Brosens, I., Brosens, J.J., Fusi, L., Al-Sabbagh, M., Kuroda, K., Benagiano, G. Risks of

adverse pregnancy outcome in endometriosis. FertilSteril. 2012;98:30–35

3. Nisolle M, Donnez J. Peritoneal endometriosis, ovarian endometriosis, andadenomyotic

nodules of the rectovaginal septum are three different entities. FertilSteril.1997; 68(4):585–

96.

The Diagnostic Tools in Endometriosis www.endometriosisturkey.com

Consequently, using a biomarker panel with good sensitivity and specificity would be more

useful than the use of a single biomarker for the diagnosis of a complex disease such as 

endometriosis. New "omics" technologies and multiplex immunoassays may help to

 discover  more biomarker panels.



4. Klemmt PA, Starzinski-Powitz A: Molecular and cellular pathogenesis ofendometriosis.

CurrWomens Health Reviews. 2018, 14:106-116.

5. Machairiotis N, Stylianaki A, Dryllis G, et al. Extrapelvic endometriosis: a rare entity

or an under-diagnosed condition?.DiagnPathol. 2013 Dec 2;8:194.

6. Gargett C. Uterine stem cells:what is the evidence? Hum Reprod Update. 2006, 13:87-

101.

7. Gargett CE, Schwab KE, Deane JA. Endometrial stem/progenitor cells: the first 10

years . Hum Reprod Update. 2015, 22:137-63.

8. Parasar P, Ozcan P, Terry KL. Endometriosis: Epidemiology, Diagnosis and Clinical

Management. CurrObstetGynecol Rep. 2017;6(1):34-41.

9. Matalliotakis I, Cakmak H, Fragouli Y, Goumenou A, Mahutte N, AriciA.Epidemiological

characteristics in women with and without endometriosis in the Yale series.

Archives of Gynecology and Obstetrics. 2008; 277(5):389–93.

10. Missmer S, Hankinson S, Spiegelman D, Barbieri R, Malspeis S, Willett W et al.

Reproductive history and endometriosis among premenopausal women. Obstet Gynecol.

2004; 104(5 Pt 1):965–74.

11. Peterson CM, Johnstone EB, Hammoud AO, Stanford JB, Varner MW, Kennedy A, et

al.  Risk  factors  associated  with  endometriosis:  importance  of  study  population

forcharacterizing  disease  in  the  ENDO  Study.  American  Journal  of  Obstetrics  and

Gynecology.

2013; 208(6) 451.e451–451.e411.

12.Vercellini P, Eskenazi B, Consonni D, Somigliana E, Parazzini F, Abbiati A, et al.

Oral contraceptives and risk of endometriosis: a systematic review and meta-analysis.

The Diagnostic Tools in Endometriosis www.endometriosisturkey.com



Hum Reprod Update. 2011; 17(2):159–70.

13. Nnoaham KE, Hummelshoj L, Webster P, d'Hooghe T, de CiccoNardone F, de Cicco

Nardone C, et al. World Endometriosis Research Foundation Global Study of Women’s

Health consortium. Impact of endometriosis on quality of life and work productivity: a

multicenter study across ten countries. FertilSteril. 2011; 96(2):366–373.e8.

14. Carter JE. Combined hysteroscopic and laparoscopic findings in patients with chronic

pelvic pain. J Am AssocGynecolLaparosc. 1994; 2:43–47.

15. Hurt KJ: Pocket Obstetrics and Gynecology. Wolters Kluwer Health, Philadelphia,

PA; 2015.

16. Kennedy S, Bergqvist A, Chapron C, D'Hooghe T, Dunselman G, Greb R, et al.

ESHRE Special Interest Group for Endometriosis and Endometrium GuidelineDevelopment

Group. ESHRE guideline for the diagnosis and treatment of endometriosis.

Hum Reprod. 2005; 20(10):2698–704.

17.Bulun SE. Endometriosis. N Engl J Med. 2009 Jan 15; 360(3):268–79.

18.  Fang,  J.,  and  Piessens,  S.  A  step-by-step  guide  to  sonographic  evaluation  of

deepinfiltrating endometriosis. Sonography. 2018; 5: 67– 75.

19. Coutinho A, Bittencourt LK, Pires CE, et al. MR imaging in deep pelvicendometriosis: a

pictorial essay. Radiographics. 2011; 31:549-567.

20. Nisenblat V, Bossuyt PM, Shaikh R, Farquhar C, Jordan V, Scheffers CS, et al. Blood

biomarkers for the non-invasive diagnosis of endometriosis. Cochrane Database Syst

Rev. 2016 May 1.(5):CD012179.

21. Fassbender A, Vodolazkaia A, Saunders P, Lebovic D, Waelkens E, De Moor B, et al.

Biomarkers of endometriosis. FertilSteril. 2013; 15;99(4):1135–45.

The Diagnostic Tools in Endometriosis www.endometriosisturkey.com



22- May KE, Conduit-Hulbert SA, Villar J, Kirtley S, Kennedy SH, Becker CM.Peripheral

biomarkers of endometriosis: a systematic review. Hum Reprod Update2010;16:651 – 674.

23-Vercellini P, Viganò P, Somigliana E, Fedele L. Endometriosis: pathogenesis and

treatment. Nat Rev Endocrinol 2014; 10:261.

24- Cheng YM, Wang ST, Chou CY. Serum CA-125 in preoperative patients at high risk

for endometriosis. ObstetGynecol 2002; 99:375.

25-Mol BW, Bayram N, Lijmer JG, Wiegerinck MA, Bongers MY, van der Veen F, et al.

The performance of CA-125 measurement in the detection of endometriosis: a meta-analysis.

FertilSteril 1998; 70:1101.

26-'Practice bulletin no. 114: management of endometriosis. Obstet Gynecol. 2010; 116(1),

223-36.

27- Dunselman GA, Vermeulen N, Becker C, Calhaz-Jorge C, D'Hooghe T, De Bie B

et al. ESHRE guideline: management of women with endometriosis. Hum Reprod.

2014;29:400–412.

28- Anastasi E, Granato T, Falzarano R, Storelli P, Ticino A, Frati L et al. The use of

HE4, CA125 and CA72-4 biomarkers for differential diagnosis between ovarian

endometrioma and epithelial ovarian cancer. J Ovarian Res. 2013;6:44.

29-Huhtinen  K,  Suvitie  P,  Hiissa  J,  Junnila  J,  Huvila  J,  Kujari  H  et  al.  Serum

HE4concentration differentiates malignant ovarian tumours from ovarian endometriotic cysts.

Br J

Cancer. 2009;100:1315–1319

30-Shin JJ, Lee YJ, Kim R, Lee da Y, Won KH, Jee BC. Analysis of falsely elevated risk

of ovarian malignancy algorithm in women with ovarian endometrioma. ObstetGynecol Sci.

The Diagnostic Tools in Endometriosis www.endometriosisturkey.com



2016;59:295–302.

31-Karacan T, Ozyurek E, Yesiralioglu S, Kiyak H, Usta T, Oral E. Endometriomas with

low-risk malignancy potential in ultrasonography with high human epididymis protein 4 and

risk  of  ovarian  malignancy  algorithm:  a  cases  series.  GynecolEndocrinol.

2020Feb;36(2):117-121.

32- Othman EE, Homung D, Al Hendy A. Biomarkers of endometriosis. Expert Opin Med

Diagn2008;2:741– 752.

33- Gagne D, Rivard M, Page M, Le pine M, Platon C, Shazand K, et al. Development of

a nonsurgical diagnostic tool for endometriosis based on the detection of endometrial

leukocyte subsets and serum CA-125 levels. FertilSteril2003;80:876 – 885

34-Somigliana E, Vigano P, Tirelli AS, Felicetta I, Torresani E, Vignali M, et al. Use of

the concomitant serum dosage of CA 125, CA 19 – 9 and interleukin-6 to detect the presence

of endometriosis. Results from a series of reproductive age women undergoing laparoscopic

surgery for benign gynaecological conditions. Hum Reprod2004;19:1871 – 1876.

35- Agic A, Djalali S, Wolfler MM, Halis G, Diedrich K, Hornung D. Combination ofCCR1

mRNA, MCP1, and CA125 measurements in peripheral blood as a diagnostic test for

endometriosis. ReprodSci2008;15:906 – 911.

36- Mihalyi A, Gevaert O, Kyama CM, Simsa P, Pochet N, De Smet F, et al. Noninvasive

diagnosis  of  endometriosis  based on a combined analysis of  six  plasma biomarkers.Hum

Reprod2010;25:654– 664.

37-Seeber B, Sammel MD, Fan X, Gerton GL, Shaunik A, Chittams J, et al. Panel ofmarkers

can accurately predict endometriosis in a subset of patients. FertilSteril2008;89:1073 – 1081.

38- Vodolazkaia A, El-Aalamat Y, Popovic D, Mihalyi A, Bossuyt X, Kyama CM, et al.

The Diagnostic Tools in Endometriosis www.endometriosisturkey.com



Evaluation of a panel of 28 biomarkers for the non-invasive diagnosis of endometriosis.

Human Reproduction, Vol.27, No.9 pp. 2698–2711, 2012.

39-Fassbender A, Burney RO, Dorien FO, D’HoogheT ,Giudice L. Update on Biomarkers

for the Detection of Endometriosis. Biomed Res Int. 2015; 2015: 130854.

40-  Ahn  SH,  Singh  V  and  Tayade  C.  Biomarkers  in  endometriosis:  challenges

andopportunities. FertilSteril 2017; 107(3), 523-532.

41. Johnson NP, Hummelshoj L; World Endometriosis Society Montpellier Consortium.

Consensus on current management of endometriosis. Hum Reprod. 2013;28:1552-68.

42. Guerriero S, Condous G, van den Bosch T et al. Systematic approach to sonographic

evaluation of the pelvis in women with suspected endometriosis, including terms, definitions

and measurements: a consensus opinion from the International Deep Endometriosis Analysis

(IDEA) group. Ultrasound Obstet Gynecol. 2016;48:318-32.

43. Haverland R, Young S, Wasson M. Deep Infiltrating Endometriosis: UsingPreoperative

Radiology for Surgical Planning. J Minim Invasive Gynecol. 2020;27:557-8.

44. U. Ulrich O, Buchweitz R, Greb et al. Interdisciplinary S2k Guidelines for the

Diagnosis and Treatment of Endometriosis. GeburtshilfeFrauenheilkd. 2013;73:890-8.

45. RCOG Green-top Guideline No: 24. 2006. Investigation and management of

endometriosis.

46. ACOG Committee on Practice Bulletins-Obstetrics. Practice bulletin no.114:Management

of endometriosis. Obstet Gynecol. 2010;116:223-36.

47. NICE guideline 2017. Endometriosis: diagnosis and management.

48. SOGC Clinical Practice Gynaecology Committee. Endometriosis: diagnosis and

management. SOGC Clinical Practice Guideline No. 244. J ObstetGynaecol Can.

The Diagnostic Tools in Endometriosis www.endometriosisturkey.com



2010;32:S1-S33.

49. Deslandes A, Parange N, Childs JT et al. Current Status of Transvaginal Ultrasound

Accuracy in the Diagnosis of Deep Infiltrating Endometriosis Before Surgery. J Ultrasound

Med. 2020;9999:1-14.

50.  Working  group  of  ESGE,  ESHRE,  and  WES,  Keckstein  J,  Becker  CM  et

al.Recommendations for the surgical treatment of endometriosis. Part 2: deep endometriosis.

Hum Reprod Open. 2020;1:hoaa002.

51. Hirsch M, Begum MR, Paniz É et al. Diagnosis and management of endometriosis: a

systematic review of international and national guidelines. BJOG. 2018;125:556-64.

52. Nisenblat V, Bossuyt PM, Farquhar C et al. Imaging modalities for the non-invasive

diagnosis of endometriosis. Cochrane Database Syst Rev. 2016;2:CD009591.

53. Hindman N, VanBuren W. Imaging Spectrum of Endometriosis (Endometriomas to

Deep Infiltrative Endometriosis). RadiolClin North Am. 2020;58:275-89.

54. Goncalves MO, Podgaec S, Dias JA et al. Transvaginal ultrasonography with bowel

preparation is able to predict the number of lesions and rectosigmoid layers affected in cases

of deep endometriosis, defining surgical strategy. Hum Reprod. 2010;25:665-71.

55. Guerriero S, Ajossa S, Pascual MA et al. Ultrasonographic soft markers for detection

of rectosigmoid deep endometriosis. Ultrasound Obstet Gynecol. 2020;55:269-73.

56. Exacoustos C, Manganaro L, Zupi E. Imaging for the evaluation of endometriosis and

adenomyosis. Best Pract Res ClinObstetGynaecol. 2014;28:655-81.

57. Alio L, Angioni S, Arena S. Endometriosis: seeking optimal management in women

approaching menopause. Climacteric. 2019;22:329-38.

58. Exacoustos C, Malzoni M, Di Giovanni A et al. Ultrasound mapping system for the

The Diagnostic Tools in Endometriosis www.endometriosisturkey.com



surgical management of deep infiltrating endometriosis. FertilSteril. 2014;102:143-50.

59. Alborzi S, Rasekhi A, Shomali Z et al. Diagnostic accuracy of magnetic resonance

imaging, transvaginal, and transrectal ultrasonography in deep infiltrating endometriosis.

Medicine (Baltimore). 2018;97:e9536.

60.  Guerriero  S,  Alcázar  JL,  Pascual  MA.  Deep  Infiltrating

Endometriosis:ComparisonBetween  2-Dimensional  Ultrasonography  (US),  3-Dimensional

US, and Magnetic Resonance

Imaging. J Ultrasound Med. 2018;37:1511-21.

61.  Exacoustos  C,  Brienza  L,  Di  Giovanni  A  et  al.  Adenomyosis:three-

dimensionalsonographic  findings  of  the  junctional  zone  and  correlation  with  histology.

Ultrasound Obstet

Gynecol. 2011;37:471-9.

62. Exacoustos C, Luciano D, Corbett B et al. The uterine junctional zone: a 3-

dimensional ultrasound study of patients with endometriosis. Am J ObstetGynecol.

2013;209:248.e1-7.

63. Guerriero S, Saba L, Ajossa S et al. Three-dimensional ultrasonography in the

diagnosis of deep endometriosis. Hum Reprod. 2014;29:1189-98.

64. Egekvist AG, Forman A, Riiskjaer M et al. Intra- and interobserver variability in

nodule size of rectosigmoid endometriosis measured by two- and three-dimensional

transvaginal sonography. ActaObstetGynecol Scand. 2018;97:734-43.

65. Sandré A, Philip CA, De-Saint-Hilaire P et al. Comparison of three-dimensional

The Diagnostic Tools in Endometriosis www.endometriosisturkey.com



rectosonography,  rectal  endoscopic  sonography  and  magnetic  resonance

imagingperformances  in  the  diagnosis  of  rectosigmoid  endometriosis.  Eur  J

ObstetGynecolReprod

Biol. 2019;240:288-92.

66. Rizzello F, Capezzuoli T, D'Amato Scherbatoff I et al. Three-Dimensional Power

Doppler Vascularization in Women With Ovarian Endometriomas and Relationship With

Associated Painful Symptoms. J Ultrasound Med. 2017;36:2271-8.

67. Del Frate C, Girometti R, Pittino M, Del Frate G, Bazzocchi M, Zuiani C. Deep

retroperitoneal pelvic endometriosis: MR imaging appearance with laparoscopic correlation.

Radiographics. 2006;26(6):1705-18.

68. Bazot  M, Bharwani  N, Huchon C, Kinkel  K, Cunha TM, Guerra A, et  al.  European

society  ofurogenital  radiology  (ESUR)  guidelines:  MR imaging  of  pelvic  endometriosis.

EurRadiol.

2017;27(7):2765-75.

69.  Woodward  PJ,  Sohaey  R,  Mezzetti  TP,  Jr.  Endometriosis:  radiologic-pathologic

correlation.Radiographics. 2001;21(1):193-216; questionnaire 88-94.

70. Nisenblat V, Prentice L, Bossuyt PM, Farquhar C, Hull ML, Johnson N. Combination of

thenon-invasive tests for the diagnosis of endometriosis. Cochrane Database Syst Rev.

2016;7:CD012281.

71. Medeiros LR, Rosa MI, Silva BR, Reis ME, Simon CS, Dondossola ER, et al. Accuracy

of

magnetic  resonance  in  deeply  infiltrating  endometriosis:  a  systematic  review  and  meta-

analysis. ArchGynecol Obstet. 2015;291(3):611-21.

The Diagnostic Tools in Endometriosis www.endometriosisturkey.com



72. Balleyguier C, Chapron C, Dubuisson JB, Kinkel K, Fauconnier A, Vieira M, et al.

Comparison of magnetic resonance imaging and transvaginal ultrasonography in diagnosing

bladderendometriosis. J Am AssocGynecolLaparosc. 2002;9(1):15-23.

73.  Bazot  M,  Darai  E,  Hourani  R,  Thomassin  I,  Cortez  A,  Uzan  S,  et  al.  Deep

pelvicendometriosis:  MR  imaging  for  diagnosis  and  prediction  of  extension  of  disease.

Radiology.

2004;232(2):379-89.

74-Slack A, Child T, Lindsey I et al. Urological and colorectal complications following

surgery for rectovaginal endometriosis.BJOG 2007; 114: 1278–1282.

75-Milone M, Mollo A, Musella M, et al. Role of colonoscopy in the diagnostic work-up

of bowel endometriosis. World J Gastroenterol. 2015;21(16):4997–5001.

76- Kim KJ, Jung SS, Yang SK, Yoon SM, Yang DH, Ye BD, et al. Colonoscopicfindings

and histologic diagnostic yield of colorectal endometriosis. J ClinGastroenterol

2011; 45: 536-541

77-  Freire  MJ,  Dinis  PJ,  Medeiros  R,  Sousa  L,  Águas  F,  et  al.  Deep

InfiltratingEndometriosis-Urinary  Tract  Involvement  and  Predictive  Factors  for  Major

Surgery. Urology.

2017;108:65–70.

78.  Monllor  GJ,  Merino  Hernaez  C,  Oliver  Gómez,  et  al.  Endometriosis

vesical,aproximacióndiagnóstica y terapeútica. ActaUrol Esp. 1991;15:86-89

79. Al-Taher Mahdi, Hsien Shugi, ScholsRutger M, HanegemNehalennia Van, Bouvy Nicole

D,Dunselman  Gerard  AJ,  et  al.  Intraoperative  Enhanced  Imaging  for  Detection  of

The Diagnostic Tools in Endometriosis www.endometriosisturkey.com



Endometriosis:  ASystematic  Review  of  the  Literature.  Eur  J

ObstetGynecolReprodBiol2018;224:108-116

80.Loning M, Diddens H, Friedrich M, Altgassen C, Diedrich K, Huttmann G.

[Fluorescencediagnosis  and  photodynamic  therapy  with  5-aminolevulinic  acid  induced

protoporphyrinIX in gynecology: an overview]. ZentralblGynakol. 2006;128(6):311-7.

81.  Soergel  P,  Rinnau  F,  Hillemanns  P.  Fluoreszenzdiagnostikmit  5-

AminolävulinsäureinduziertemProtoporphyrin IX in der Gynäkologie. Gynäkologe.

2007;40(5):338-42

82.Buchweitz  O,  Wulfing  P,  Staebler  A,  Kiesel  L.  Detection  of

nonpigmentedendometrioticlesions with 5-aminolevulinic  acid-induced fluorescence.  J  Am

AssocGynecolLaparosc.2004;11(4):505-10.

83.Malik  E,  Meyhöfer-Malik  A,  Trutenau  D,  Diddens  H,  Küpker  W,

DiedrichK.PilotstudiezurphotodynamischenDiagnostik  der  Endometriosemittels  5-

Aminolävulinsäure.

GeburtshilfeFrauenheilkd. 1998;58(08):420-5.

84.Ansari AH. Methylene blue test for assessment of tubal patency: a new and simple

technique. Can Med Assoc J. 1968;99(4):182-4.

85.Al-Taher M, van den Bos J, Schols RM, Bouvy ND, Stassen LP. Fluorescence Ureteral

Visualization  in  Human  Laparoscopic  Colorectal  Surgery  Using  Methylene  Blue.

JLaparoendoscAdvSurg Tech A. 2016;26(11):870-5.

86. Manhes H, Shulman A, Haag T, Canis M, Demontmarin JL. Infertility due to diseased

pelvic peritoneum: laparoscopic treatment. Gynecologic and obstetric investigation.

1994;37(3):191-5.

The Diagnostic Tools in Endometriosis www.endometriosisturkey.com



87.  Song  JE,  Kim  SK.  The  use  of  indigo  carmine  in  ureteral  operations.  J

Urol.1967;98(6):669-70.

88.Beckmann MW, Wiegratz I, Dereser MM, Baier P, Born HJ. [Diagnosis of rupture of

fetal membranes: comparison of vaginal detection of fetal fibronectin and intra-amnion

injection of indigo carmine]. GeburtshilfeFrauenheilkd. 1993;53(2):86- 91.

89. Rossi EC, Jackson A, Ivanova A, Boggess JF. Detection of sentinel nodes forendometrial

cancer with robotic assisted fluorescence imaging: cervical versus hysteroscopic

injection. Int J Gynecol Cancer. 2013;23(9):1704-11.)

90.  Medeiros  FD,  Cavalcante  DI,  Medeiros  MA,  Eleutério  J  Jr.  Fine-needle

aspirationcytology  of  scar  endometriosis:  Study  of  seven  cases  and  literature  review.

DiagnCytopathol

2011;39:18-21.

91.Hudelist G, Fritzer N, Thomas A, Niehues C, Oppelt P, Haas D, et al. Diagnostic delay

for endometriosis in Austria and Germany: causes and possible consequences. Human

reproduction, 2012;27(12):3412-6.

92.Flores  I,  Waelkens  E,  D'Hooghe  TJBP,  Obstetrics  RC,  Gynaecology.

Noninvasivediagnosis of endometriosis: Review of current peripheral blood and endometrial

biomarkers.Best Practice & Research Clinical Obstetrics &Gynaecology, 2018;50:72-83.

93.Zondervan KT, Becker CM, Missmer SA, Endometriosis, N Engl J Med. 2020 Mar

26;382(13):1244-1256.

94.Dunselman G, Vermeulen N, Becker C, Calhaz-Jorge C, D'Hooghe T, De Bie B, et al.

ESHRE guideline: management of women with endometriosis. Human reproduction ,

2014;29(3):400-12.

The Diagnostic Tools in Endometriosis www.endometriosisturkey.com



95.Moustafa S, Burn M, Mamillapalli R, Nematian S, Flores V, Taylor HSJAJoO, et al.

Accurate Diagnosis of Endometriosis Using Serum MicroRNAs. American Journal of

Obstetrics and Gynecology, 2020.

96.Thomou T, Mori MA, Dreyfuss JM, Konishi M, Sakaguchi M, Wolfrum C, et al.

Adipose-derived circulating miRNAs regulate gene expression in other tissues. Nature ,

2017;542(7642):450-5.

97.Kotlyar  A,  Taylor  H,  D’Hooghe  TJBP,  Obstetrics  RC,  Gynaecology.  The  Use

ofImmunomodulators to Treat Endometriosis. Best Practice & Research Clinical Obstetrics &

Gynaecology. 2019.

98.Min PK, Chan SYJEjoci. The biology of circulating micro RNA s in cardiovascular

disease. European journal of clinical investigation , 2015;45(8):860-74.

99.Agrawal  S,  Becker  CM. MicroRNA and Endometriosis.  Endometrial  GeneExpression:

Springer; Endometrial Gene Expression. Springer, Cham, 2020. p. 181-97.

100.Moreno-Moya JM, Vilella F, Simón CJF, sterility. MicroRNA: key gene expression

regulators. Fertility and sterility, 2014;101(6):1516-23.

101.Traver S, Assou S, Scalici E, Haouzi D, Al-Edani T, Belloc S, et al. Cell-free nucleic

acids  as  non-invasive  biomarkers  of  gynecological  cancers,  ovarian,  endometrial  and

obstetric

disorders and fetal aneuploidy. Human reproduction update, 2014;20(6):905-23.

102.Cosar  E,  Mamillapalli  R,  Ersoy  GS,  Cho  S,  Seifer  B,  Taylor  HSJF,  et  al.

SerummicroRNAs  as  diagnostic  markers  of  endometriosis:  a  comprehensive  array-based

analysis.

Fertility and sterility , 2016;106(2):402-9.

The Diagnostic Tools in Endometriosis www.endometriosisturkey.com



103.Cho S, Mutlu L, Grechukhina O, Taylor HSJF, sterility. Circulating microRNAs as

potential biomarkers for endometriosis. Fertility and sterility , 2015;103(5):1252-60. e1.

104.Ohlsson Teague EMC, Print CG, Hull MLJHru. The role of microRNAs inendometriosis

and associated reproductive conditions. Human reproduction update ,2010;16(2):142-65.

105.Haikalis ME, Wessels JM, Leyland NA, Agarwal SK, Foster WGJBor. MicroRNA

expression pattern differs depending on endometriosis lesion type. Biology of reproduction

2018;98(5):623-33.

106.Vanhie A, O D, Peterse D, Beckers A, Cuéllar A, Fassbender A, et al. PlasmamiRNAs as

biomarkers for endometriosis. Human Reproduction , 2019;34(9):1650-60.

107.Zhou L, Chen Y, Gao J, Shankar S, Zhang GJRS. Diagnostic Value of Circulating

MicroRNAs for Endometriosis: a Meta-analysis. Reproductive Sciences , 2020;27(3):793-

805.

108.Burney R, Hamilton A, Aghajanova L, Vo K, Nezhat C, Lessey B, et al. MicroRNA

expression profiling of eutopic secretory endometrium in women with versus without

endometriosis. Molecular human reproduction 2009;15(10):625-31.

109.Liang Z, Chen Y, Zhao Y, Xu C, Zhang A, Zhang Q, et al. miR-200c suppresses

endometriosis by targeting MALAT1 in vitro and in vivo. Stem cell research & therapy,

2017;8(1):251.

110.Asirvatham AJ, Magner WJ, Tomasi TBJC. miRNA regulation of cytokine genes.

Cytokine , 2009;45(2):58-69.

111.Nematian SE, Mamillapalli R, Kadakia TS, MajidiZolbin M, Moustafa S, Taylor

HSJTJoCE, et al. Systemic inflammation induced by microRNAs: endometriosis-derived

alterations in circulating microRNA 125b-5p and Let-7b-5p regulate macrophage cytokine

The Diagnostic Tools in Endometriosis www.endometriosisturkey.com



production. The Journal of Clinical Endocrinology & Metabolism 2018;103(1):64-74.

112.Rekker K, Saare M, Roost AM, Kaart T, Sõritsa D, Karro H, et al. Circulating miR-200–

family micro-RNAs have altered plasma levels in patients with endometriosis and varywith

blood collection time. Fertility and sterility, 2015;104(4):938-46. e2.

113.Seifer  BJ,  Su  D,  Taylor  HSJRS.  Circulating  miRNAs  in  murine

experimentalendometriosis:  decreased  abundance  of  let-7a.  Reproductive  Sciences,

2017;24(3):376-81.

114.Pan Q, Luo X, Toloubeydokhti T, CheginiNJMhr. The expression profile of micro- RNA

in endometrium and endometriosis and the influence of ovarian steroids on theirexpression.

Molecular human reproduction, 2007;13(11):797-806.

115.Tamaresis JS, Irwin JC, Goldfien GA, RabbanJT, Burney RO, Nezhat C, et al. Molecular

classification  of  endometriosis  and  disease  stage  using  high-dimensional  genomicdata.

Endocrinology, 2014;155(12):4986-99.

116.M D’Hooghe T, Fassbender A, FO D, VanhieAJBor. Endometriosis biomarkers: Will

codevelopment  in  academia–industry  partnerships  result  in  new  and  robust  noninvasive

diagnostic tests? Biology of reproduction, 2019;101(6):1140-5.

117.Parlatan U, Inanc MT, Ozgor BY, Oral E,Bastu E, Unlu MB, et al. Raman spectroscopy

as a non-invasive diagnostic technique for endometriosis. Scientific Reports2019;9.

118.Lieber CA, Molpus K, Brader K, Mahadevan-Jansen A, editors. Diagnostic tool forearly

detection  of  ovarian  cancers  using  Ramanspectroscopy.  Biomedical  Spectroscopy:

Vibrational  Spectroscopy  and  Other  Novel  Techniques;  International  Society  for  Optics

andPhotonics 2000 Vol. 3918, pp. 129-134.

The Diagnostic Tools in Endometriosis www.endometriosisturkey.com



119.Notarstefano V, Gioacchini G, Byrne HJ, Zacà C, Sereni E, Vaccari L, et al. Vibrational

characterization of granulosa cells from patients affected by unilateral ovarianendometriosis:

New  insights  from  infrared  and  Raman  microspectroscopy.  SpectrochimicaActa  Part  A:

Molecular and Biomolecular Spectroscopy,2019;212:206-14.

120.Deiana D, Gessa S, Anardu M, Daniilidis A, Nappi L, D’Alterio MN, et al. Genetics of

endometriosis: a comprehensive review. Gynecological Endocrinology , 2019;35(7):553-8.

121.Goulielmos GN, Matalliotakis M, Matalliotaki C, Eliopoulos E, Matalliotakis I, Zervou

MIJG. Endometriosis research in the-omics era. Gene, 2020:144545.

122.Koboldt DC, Steinberg KM, Larson DE, Wilson RK, Mardis ERJC. The nextgeneration

sequencing revolution and its impact on genomics. Cell , 2013;155(1):27-38.

123.Saha  R,  Pettersson  HJ,  Svedberg  P,  OlovssonM,Bergqvist  A,  Marions  L,  et  al.

Heritability of endometriosis. Fertility and sterility, 2015;104(4):947-52.

124.Zondervan KT, Treloar SA, Lin J, Weeks DE, Nyholt DR, Mangion J, et al. Significant

evidence of one or more susceptibility loci for endometriosis with near-Mendelianinheritance

on chromosome Human Reproduction, 2007;22(3):717-28.

125.Sapkota Y, Steinthorsdottir V, Morris AP, Fassbender A, Rahmioglu N, De Vivo I, et

al. Meta-analysis identifies five novel loci associated with endometriosis highlighting key

genes involved in hormone metabolism. Nature communications, 2017;8(1):1-12.

126.Nilufer R, Karina B, Paraskevi C, Rebecca D, Genevieve G, Ayush G, et al. Largescale

genome-wide  association  meta-analysis  of  endometriosis  reveals  13  novel  loci  and

genetically-associated comorbidity with other pain conditions. BioRxiv, 2018:406967.

127.Izawa  M,  Taniguchi  F,  Terakawa  N,  Harada  TJFib.  Epigenetic  aberration  of  gene

expression in endometriosis. Frontiers in bioscience, 2013;5:900-10.

The Diagnostic Tools in Endometriosis www.endometriosisturkey.com



128.Dyson  MT,  Roqueiro  D,  Monsivais  D,  Ercan  CM,  Pavone  ME,  Brooks  DC,  et  al.

Genome-wide  DNA  methylation  analysis  predicts  an  epigenetic  switch  for  GATA

factorexpression in endometriosis. PLoS genetics, 2014;10(3).

129.Xue Q, Lin Z, Yin P, Milad MP, Cheng Y-H, Confino E, et al. Transcriptional activation

of steroidogenic factor-1 by hypomethylation of the 5  CpG island in endometriosis.The

Journal of Clinical Endocrinology & Metabolism, 2007;92(8):3261-7.

130.Monsivais  D,  Dyson  MT,  Yin  P,  Coon  J,  Navarro  A,  Feng  G,  et  al.  ERβ-

andprostaglandin  E2-regulated  pathways  integrate  cell  proliferation  via  Ras-like  and

estrogenregulatedgrowth  inhibitor  in  endometriosis.  Molecular  endocrinology,

2014;28(8):1304-15.

131.Zhou M, Fu J,  Xiao L,  Yang S,  Song Y,  Zhang X,  et  al.  miR-196a overexpression

activates  the  MEK/ERK  signal  and  represses  the  progesterone  receptor  and

decidualizationineutopic  endometrium  from  women  with  endometriosis.  Human

Reproduction,2016;31(11):2598-608.

132.Simons KJP. How can omic science be improved? Proteomics,2018;18(5- 6):1800039.

133.Rahmioglu  N,  Montgomery  GW,  Zondervan  KTJWsh.  Genetics  of  endometriosis.

Women's health 11.5, 2015;11(5):577-86.

134.Vassilopoulou  L,  Matalliotakis  M,  Zervou  MI,  Matalliotaki  C,  Krithinakis  K

Matalliotakis  I,  et  al.  Defining  the  genetic  profile  of  endometriosis.  Experimental

andtherapeutic medicine 17.5 , 2019;17(5):3267-81.

The Diagnostic Tools in Endometriosis www.endometriosisturkey.com


