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Endometriosis has a prevalence of 10% worldwide in premenopausal women. Probably, endometriosis begins early in the
life of young girls, and it is commonly diagnosed later in life. The prevalence of deep infiltrating endometriosis (DIE) in
adolescence is currently unknown due to diagnostic limits and underestimation of clinical symptoms. Dysmenorrhea is a
common symptom in adolescents affected by DIE, often accompanied by dyspareunia and chronic acyclic pelvic pain.
Ultrasonography—either performed transabdominal, transvaginal or transrectal—should be considered the first-line
imaging technique despite the potential for missed diagnosis due to early-stage disease. Magnetic resonance imaging
should be preferred in the case of virgo patients or when ultrasonographic exam is not accepted. Diagnostic laparoscopy
is deemed acceptable in the case of suspected DIE not responding to conventional hormonal therapy. An early medical
and/or surgical treatment may reduce disease progression with an immediate improvement in quality of life and fertility,
but at the same time, painful symptoms may persist or even recur due to the surgery itself.
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| 1. Introduction

Endometriosis is an estrogen-dependent disease characterized by the presence of endometrial glands and stroma outside
the uterine cavity. The prevalence is 10% in premenopausal women. Probably, endometriosis starts early in the life of
young girls but is commonly diagnosed later in life [,

Deep infiltrating endometriosis (DIE) is the most aggressive type of endometriosis, with deep infiltration of tissues leading
to subverted anatomy and functionality of vital organs and reduced quality of life [&. Its prevalence in adolescent age is
currently unknown due to the underestimation of clinical symptoms and unsolved diagnostic challenges.

Among clinical symptoms, dysmenorrhea is widely experienced in adolescents affected by endometriosis [,
Dysmenorrhea may be primary or secondary, and the distinction between the two forms is essential for clinicians.

Endometriosis is the leading cause of secondary dysmenorrhea in adolescents and may be associated with other typical
symptoms, including chronic pelvic pain (CPP), dyspareunia, heavy menstrual bleeding and infertility . According to the
ESHRE guidelines &, manifestations suggestive of endometriosis include early menarche, severe dysmenorrhea,
dyspareunia, abnormal uterine bleeding (heavy or irregular bleeding), mid-cycle or acyclic pain, resistance to empiric
medical treatment (such as painkillers and hormonal therapy) and gastrointestinal and genitourinary symptoms.
Furthermore, the disease may present atypically with gastrointestinal symptoms, such as constipation, diarrhea, nausea,
vomiting and, less frequently, urinary symptoms €.

Despite the presence of severe painful symptoms, the diagnosis of endometriosis in young patients is challenging. Most
often, adolescents are affected by early-stage endometriosis. In these cases, physical examination or instrumental
diagnostic imaging may fail to detect the small-sized endometriotic foci (4. Hence, endometriosis is more commonly
diagnosed late after the age of 25, seven to nine years after symptoms’ onset (&,

Although some authors affirm DIE lesions do not grow after the age of 25 [&l, some others suggest that endometriosis
could be a progressive disease with early onset of DIE LALUIL2L3] Regardless of who is right, early diagnosis and early
treatment may prevent or at least slow down disease progression and have a good impact on both quality of life and
fertility. Indeed, patients with advanced stages of disease who undergo surgery have an increased risk of intra- and post-
operative complications 24 and may show symptoms persistence due to surgery itself, particularly in the presence of
posterior DIE and, less frequently, in the case of anterior DIE 13118],



| 2. Pathogenesis of DIE in Adolescents

The pathogenesis of DIE is unclear, with several hypotheses, theories and even speculations 2. The absence of animal
models mimicking human endometrium functions and simulating the potential specific growth mechanisms of DIE feeds
the debate. There is even more uncertainty on the pathogenesis of DIE in adolescents. It is probably caused by the same
combination of factors postulated for adults, with some slight differences that promote adolescent DIE 18],

Neonatal menstruation may explain some forms of endometriosis in adolescence 1229 |n most girls, the functional
transition to fully responsive endometrial cells is achieved during adolescence. In about 5% of neonates, newborns’
endometrium can be sensitive to pregnancy’s high maternal progesterone levels, and menstrual shedding can occur early
in the first week of life. In these neonates, retrograde menstruation occurs because of the relatively long cervix and thick
cervical secretions (2. Retrograde endometrial cells contain stem cells along with perivascular mesenchymal
stem/stromal cells together with niche cells, which implant in the peritoneal mesothelium, leading to a very early and
inactive stage of disease.

Indeed, some prenatal factors may also be associated with the onset of DIE in adolescence, such as preeclampsia and
low birth weight 2%, The underlying mechanism would be the fetal hypoxic environment caused by placental insufficiency
that would increase endometrial sensitivity to progesterone 21 and the altered platelet activation leading to augmented

angiogenesis 2. |t is hypothesized that the presence of a fetal hormonal milieu then facilitates the development of DIE
22

However, endometriosis in prepubertal girls is very rare, and neonatal menstruation 12 alone cannot explain the
progression from a “very early-stage” disease (i.e., endometrial attachment to the mesothelium) to DIE disease [23. The
quiescent and early-implanted endometrial cells are probably reactivated by increasing ovarian activity during menarche
and thelarche with the growth of endometriosis lesions LA[22l124] Syrrounding smooth muscle hyperplasia may play a role
in this process by supporting endometrial glands and stroma to dive deep into fibromuscular tissues (23123 The
implantation would be encouraged by macromolecular oxidative damage and recurrent tissue injury and repair, with
destruction of the peritoneal mesothelium and chronic inflammation due to peritoneal iron excess and local bleeding of
ectopic endometriotic lesions 171231,

Nevertheless, the progressive evolution of the disease is debated and, to date, not yet clearly defined 23],

The metaplasia theory was proposed more than 50 years ago to explain endometriosis development in women without a
uterus (28, This theory stems from the old histological concept that the histological aspect of a mature cell can transform
into that of another mature cell. Metaplasia is considered a consequence of stem cells’ growth activity.

The immunological theory has been proposed to explain the migration of endometriotic cells outside the uterus and their
survival in the ectopic environment 21281291 The existence of this pathogenetic mechanism is supported by the high
prevalence of autoimmune diseases coexisting with endometriosis, such as systemic lupus erythematosus, rheumatoid
arthritis, Sjogren’s syndrome, hypothyroidism and fiboromyalgia.

Evasion of immune surveillance and numerous cytokines implicated in angiogenesis and the activation of proinflammatory
pathways play a key role in this process 29, Elevated levels of circulating and local cyclooxygenase-2, tumor necrosis

factor-a, prostaglandin-E2, growth factors, cytokines and angiogenic factors are implicated in proinflammatory signaling
[31]

| 3. Prevalence of DIE in Adolescents

Despite the efforts from researchers, the real prevalence of endometriosis in adolescence is, so far, an unsolved enigma.
The estimates vary widely, with ranges between 19% and 100% (2233 reflecting the uncertainty about this aspect of
adolescent endometriosis.

The estimated prevalence of adolescent DIE is even more uncertain. DIE prevalence changes according to the inclusion
criteria of each study’s population (i.e., overall vs. symptomatic adolescents) and the diagnostic employed, which includes
imaging, with detection of ultrasonographic or magnetic resonance imaging (MRI) features suggestive of DIE, and
surgery, with direct visualization of the disease 4. Collection of medical history, especially regarding painful symptoms
associated with DIE, is not diagnostic but may drive towards an early diagnosis 22[S6I37[38]



The same research group later published a retrospective observational study that showed sonographic signs of posterior
DIE in 10.6% of adolescent patients who had undergone ultrasonographic exams for severe dysmenorrhea 2. Instead,
no signs of anterior DIE were detected.

Regarding DIE prevalence on MRI diagnostic, Millischer et al. prospectively investigated the prevalence of DIE and OMA
in a series comprising 308 adolescents aged 12—20 years who underwent MRI for severe dysmenorrhea 9. In this
cohort, MRI was positive for DIE and/or OMA in 39.3% of the cases. In particular, DIE was observed in 88.4% of the
cases, with predominantly retrocervical involvement (87.6%) and coexisting OMA in 9.1% of the cases. This study also
highlighted the increasing prevalence of overall endometriosis, rising from 16.7% at the age of 12—13 years to 60.5% at
20 years, and revealed no site-specific distribution along with age variations.

| 4. DIE Symptoms

According to the European Society of Human Reproduction and Embryology (ESHRE) guidelines &, offering surgery to
young women for a histological diagnosis of endometriosis is no longer considered appropriate nowadays. Therefore,
imaging exams and the collection of medical history assume a central role in the diagnostic workup towards an early
diagnosis of endometriosis. Indeed, several studies suggest the use of a combination of a patient’s clinical history and
imaging exams to increase the chance of diagnosis [E[411[42]

Regardless of the methodology employed for diagnosis, adolescents presenting with symptoms suggestive of
endometriosis, and hence DIE, should be referred to referral centers to avoid diagnostic delay (42,

Most patients with endometriosis refer dysmenorrhea in adolescence or at a young age 344 According to Di Vasta et
al., dysmenorrhea can be the presenting symptom of adolescent endometriosis in over 90% of them 22, It starts at
menarche in half of adolescent patients, is frequently associated with nausea (69.5%) with no vomiting (75%) and is
described as severe in 63% of the cases 22l The distinction between primary (menstrual pain with an organic disease)
and secondary dysmenorrhea (menstrual pain without an organic disease) should be mandatory when addressing
adolescent patients. Indeed, endometriosis represents the main cause of secondary dysmenorrhea in adolescents 221441,

Dysmenorrhea is often neglected, and it is viewed as temporary and natural #2, despite having a high impact on women’s
lives 81, Dysmenorrhea should always be investigated, considering the prevalence of endometriosis in adolescents and
young women who refer this symptom, especially when it is severe B4 and tends to remain stable over time B4,
Education programs have been delivered in some nations with the aim of making adolescent patients aware of the
symptomatology associated with endometriosis 28], enhancing early diagnosis. There is also increasing awareness of the
power and amplitude that social media and e-learning may provide in the education of both patients and caregivers [44.

Dysmenorrhea may also be important due to its correlation with specific disease locations, being more frequently
associated with posterior DIE and adenomyosis rather than ovarian endometrioma 8. However, this association has not
been investigated in adolescent patients, and further studies are needed to assess the relationship between the DIE site
and the specificity of symptoms [22,

Other suggestive symptoms, such as dyspareunia, chronic pelvic pain (CPP) or abnormal uterine bleeding (AUB), may

accompany dysmenorrhea, and the coexistence of these symptoms increases the possibility that endometriosis is present
[39][42][49]

Chronic acyclic pelvic pain is more likely to occur in adolescents rather than adults BUBLG2IS3 |t is strictly related to
endometriosis when it is severe and drug-resistant 5254 hyt luckily seems to have a decrease in intensity over the years
7 despite starting with higher intensity in younger patients 2l. Severe chronic acyclic pelvic pain may reflect central
sensitization, leading to treatment failure and association with other different painful diseases BZESI56] when chronic
pelvic pain is reported, many other gynecologic (i.e., fibroids, adenomyosis, pelvic inflammatory disease, ovarian mass,
hematocolpo) and non-gynecologic organic disorders should be excluded.

Among pelvic painful symptoms, dyspareunia can be associated with DIE and a more severe disease in adolescents &4,
However, much like infertility, it is difficult to investigate due to sexual behavior and pregnancy desire rates in these types
of patients.

Gastrointestinal and genitourinary symptoms in adolescents can be important indicators of endometriosis, particularly
suggesting the presence of posterior DIE and adenomyosis BB, Endometriosis can mimic the clinical features of several
organic pathologies, including inflammatory bowel diseases, irritable bowel syndrome, Meckel's diverticulum, celiac



disease and sub-acute/chronic appendicitis BEIBABABL imposing a multidisciplinary approach to exclude gastrointestinal
diseases.

| 5. The Role of Imaging in Adolescence DIE Diagnosis

According to the literature, endometriosis in adolescents who underwent surgery is more frequently an early-stage
disease, according to the rASRM classification [39][52][54](62] Additionally, endometriomas are more common in adult
women compared to adolescents 563, Therefore, there is a concrete possibility of overlooking stage /1l deep infiltrating
endometriosis among adolescents by using imaging diagnostics that may not be able to detect direct signs of the disease.

MRI or US seem to provide similar accuracy in excluding ovarian or deep endometriosis localizations but have not been
validated yet in studies investigating an adolescent population [B4I65168] However, considering that both MRI and US
show high accuracy in detecting endometriosis in young patients, the preferred diagnostic approach in adolescents should
be ultrasonographic 2267 yUs holds several advantages as compared to MRI in terms of lower costs and wider
availability, both for the patients and for the caregivers.

Transvaginal ultrasound (TVS) is preferred in the case of sexually active adolescent patients with suspected
endometriosis. However, transrectal sonography (TRS) can be offered in virgin puberal patients, with similar diagnostic
accuracy to the TVS technique 21268 The role of TRS in the evaluation of posterior compartment endometriosis in
adults has been investigated both by Ohba €2 and Koga 9,

Up to now, US accuracy for adolescent deep infiltrating endometriosis has been poorly investigated. The diagnostic
performance of the exam compared to a reference “technique”, such as surgery, is difficult to estimate due to the relatively
low percentage of patients undergoing surgery for endometriosis L3I39I52] |n a recently published retrospective study,
Martire et al. detected isolated DIE in 3.7% of patients, mostly located at the uterosacral ligaments (Figure 1) 1. The
presence of concurrent symptoms was high, especially dysmenorrhea, and this combination enhances the diagnostic
performance of US alone [B21[391581[71],

Figure 1. Ultrasonographic image of a DIE nodule affecting uterosacral ligament. (A): acquisition of DIE nodule length in a
sagittal plane without sonovaginography (white arrow); (B): same acquisition performed with sonovaginography (yellow
arrow).



Moreover, there are no data on the reproducibility of US for adolescent endometriosis among expert sonographers and
gynecologists with different expertise. The literature advocates for experienced operators in order to avoid or shorten
diagnostic delays 72,

Thus, keeping in mind the dark corners of US and its uneven acceptability, further or alternative investigations are
advisable in the case of symptomatic adolescents B2 with no clear diagnosis or when a US exam is not applicable nor
accepted. In these cases, MRI may be a valuable option [Z3Z41l75],

| 6. Adenomyosis and DIE in Adolescence

Adenomyosis is a chronic disease involving the myometrium characterized by the presence of ectopic endometrial and
stromal tissue. It is linked with a spectrum of painful symptoms, such as dysmenorrhea, dyspareunia and pelvic pain, and
clinical signs, such as heavy menstrual bleeding and infertility [Z8],

The prevalence of adenomyosis among women is yet to be defined: the data based on histological evaluation of
hysterectomy samples report ranges between 15 and 55% 4.

Adenomyosis can affect adolescent patients with varying prevalence ranging from 5% to 17.4% 278179 often in a mild to
moderate form with potential clinical implications 989 |t is usually diagnosed with noninvasive exams, including
ultrasound and MRI Q989 Adenomyosis may reveal itself in diffuse or focal forms, such as myometrial cysts or
adenomyomas (811,

While it may be a rare condition, in the presence of painful pelvic symptoms or heavy menstrual bleeding in an adolescent
patient, it should be thoroughly excluded, particularly when coexisting with DIE 22,

Diagnostic laparoscopy should not be employed as the first diagnostic assessment in this group of patients because it
may lead to overtreatment and unnecessary invasive procedures (Figure 2). US should be the first-line imaging exam
despite the potential overlapping US characteristics with fibroids in patients undergoing hormone therapy (82,




Figure 2. Ultrasonographic image of a focal adenomyosis. (A): measurement of a myometrial anechoic cyst; (B):
measurement of a hyperechoic myometryal island.

| 7. Management

The treatment of DIE in adolescents should be aimed at reducing painful symptoms, suppressing or controlling the
progression of the disease and safeguarding future fertility 83! (Figure 3).
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Figure 3. Flowchart for the management of deep infiltrating endometriosis in adolescents. Abbreviations: COC, combined
oral contraceptive; CPP, chronic pelvic pain; DIE, deep infiltrating endometriosis; GnRH, gonadotropin releasing hormone;
LNG-IUS, levonorgestrel intrauterine system; MRI, magnetic resonance imaging; POI, premature ovarian insufficiency;
TAS, transabdominal ultrasound; TRUS, transrectal ultrasound; TVUS, transvaginal ultrasound; US, ultrasound; w/, with.

| 8. Conclusions

The diagnosis of DIE in adolescent patients is particularly challenging and can be easily overlooked.

DIE should always be considered in the differential diagnosis of adolescents presenting with painful symptoms, especially
secondary dysmenorrhea. Adenomyosis may coexist with DIE; therefore, clinicians should carefully evaluate these
patients and choose the most adequate therapeutic approach.

A timely diagnosis is crucial and can be achieved with a combination of medical history, physical examination, ultrasound
and/or MRI. Indeed, DIE is more frequently encountered at an early stage; hence, imaging exams alone may fail to detect
small lesions. Referral to a tertiary care center is advisable to allow the best management of such a complex, debilitating
and chronic disease. Dedicated specialists should provide information on the long-term management and need for follow-
up of DIE that starts in adolescence.

Appropriate treatment includes progestins as a first-line option, followed by combined oral contraceptives and GnRH
analogues in selected cases. When medical treatments fail to improve the quality of life or reduce the progression of
disease, surgery should be employed, and ovarian tissue cryopreservation might be considered.

References

1. Zondervan, K.T.; Becker, C.M.; Missmer, S.A. Endometriosis. N. Engl. J. Med. 2020, 382, 1244-1256.

2. Dalterio, M.N.; D’ancona, G.; Raslan, M.; Tinelli, R.; Daniilidis, A.; Angioni, S. Management Challenges of Deep
Infiltrating Endometriosis. Int. J. Fertil. Steril. 2021, 15, 88.

3. Treloar, S.A.; Bell, T.A.; Nagle, C.M.; Purdie, D.M.; Green, A.C. Early menstrual characteristics associated with
subsequent diagnosis of endometriosis. Am. J. Obstet. Gynecol. 2010, 202, 534.e1-534.€6.



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

. Banikarim, C.; Chacko, M.R.; Kelder, S.H. Prevalence and impact of dysmenorrhea on Hispanic female adolescents.

Arch. Pediatr. Adolesc. Med. 2000, 154, 1226-1229.

. Becker, C.M.; Bokor, A.; Heikinheimo, O.; Horne, A.; Jansen, F.; Kiesel, L.; King, K.; Kvaskoff, M.; Nap, A.; Petersen, K.;

et al. ESHRE guideline: Endometriosis. Hum. Reprod. Open 2022, 2022, hoac009.

. Chapron, C.; Lafay-Pillet, M.C.; Monceau, E.; Borghese, B.; Ngb, C.; Souza, C.; de Ziegler, D. Questioning patients

about their adolescent history can identify markers associated with deep infiltrating endometriosis. Fertil. Steril. 2011,
95, 877-881.

. Laufer, M.R. Helping “adult gynecologists” diagnose and treat adolescent endometriosis: Reflections on my 20 years of

personal experience. J. Pediatr. Adolesc. Gynecol. 2011, 24 (Suppl. S5), S13-S17.

. Geysenbergh, B.; Dancet, E.A.F.; D’hooghe, T. Detecting Endometriosis in Adolescents: Why Not Start from Self-

Report Screening Questionnaires for Adult Women? Gynecol. Obstet. Investig. 2017, 82, 322—-328.

. Koninckx, P.R.; Fernandes, R.; Ussia, A.; Schindler, L.; Wattiez, A.; Al-Suwaidi, S.; Amro, B.; Al-Maamari, B.; Hakim, Z.;

Tahlak, M. Pathogenesis Based Diagnosis and Treatment of Endometriosis. Front. Endocrinol. 2021, 12, 745548.

Brosens, I.A.; Brosens, J.J. Redefining endometriosis: Is deep endometriosis a progressive disease? Hum. Reprod.
2000, 15, 1-3.

Gargett, C.E.; Schwab, K.E.; Brosens, J.J.; Puttemans, P.; Benagiano, G.; Brosens, |. Potential role of endometrial
stem/progenitor cells in the pathogenesis of early-onset endometriosis. Mol. Hum. Reprod. 2014, 20, 591-598.

Brosens, I.; Gargett, C.E.; Guo, S.W.; Puttemans, P.; Gordts, S.; Brosens, J.J.; Benagiano, G. Origins and Progression
of Adolescent Endometriosis. Reprod. Sci. 2016, 23, 1282-1288.

Benagiano, G.; Guo, S.W.; Puttemans, P.; Gordts, S.; Brosens, |. Progress in the diagnosis and management of
adolescent endometriosis: An opinion. Reprod. Biomed. Online 2018, 36, 102—-114.

Kondo, W.; Bourdel, N.; Tamburro, S.; Cavoli, D.; Jardon, K.; Rabischong, B.; Botchorishvili, R.; Pouly, J.; Mage, G.;
Canis, M. Complications after surgery for deeply infiltrating pelvic endometriosis. BJOG 2011, 118, 292—-298.

Martire, F.G.; Zupi, E.; Lazzeri, L.; Morosetti, G.; Conway, F.; Centini, G.; Solima, E.; Pietropolli, A.; Piccione, E.;
Exacoustos, C. Transvaginal Ultrasound Findings After Laparoscopic Rectosigmoid Segmental Resection for Deep
Infiltrating Endometriosis. J. Ultrasound Med. 2021, 40, 1219-1228.

Martire, F.G.; Russo, C.; Selntigia, A.; Siciliano, T.; Lazzeri, L.; Piccione, E.; Zupi, E.; Exacoustos, C. Transvaginal
ultrasound evaluation of the pelvis and symptoms after laparoscopic partial cystectomy for bladder endometriosis. J.
Turk. Ger. Gynecol. Assoc. 2022, 23, 145-153.

Gordts, S.; Koninckx, P.; Brosens, |. Pathogenesis of deep endometriosis. Fertil. Steril. 2017, 108, 872—-885.e1.

Balun, J.; Dominick, K.; Cabral, M.D.; Taubel, D. Endometriosis in adolescents: A narrative review. Pediatr. Med. 2019,
2, 33.

Brosens, I.; Benagiano, G. Is neonatal uterine bleeding involved in the pathogenesis of endometriosis as a source of
stem cells? Fertil. Steril. 2013, 100, 622—-623.

Brosens, I.; Benagiano, G. Clinical significance of neonatal menstruation. Eur. J. Obstet. Gynecol. Reprod. Biol. 2016,
196, 57-59.

Liakopoulou, M.K.; Tsarna, E.; Eleftheriades, A.; Arapaki, A.; Toutoudaki, K.; Christopoulos, P. Medical and Behavioral
Aspects of Adolescent Endometriosis: A Review of the Literature. Children 2022, 9, 384.

Mendiola, J.; Sanchez-Ferrer, M.L.; Jiménez-Velazquez, R.; Canovas-L6pez, L.; Hernandez-Pefialver, A.l.; Corbalan-
Biyang, S.; Carmona-Barnosi, A.; Prieto-Sanchez, M.T.; Nieto, A.; Torres-Cantero, A.M. Endometriomas and deep
infiltrating endometriosis in adulthood are strongly associated with anogenital distance, a biomarker for prenatal
hormonal environment. Hum. Reprod. 2016, 31, 2377-2383.

Donnez, J. Introduction: From pathogenesis to therapy, deep endometriosis remains a source of controversy. Fertil.
Steril. 2017, 108, 869-871.

Sampson, J.A. Peritoneal endometriosis due to the menstrual dissemination of endometrial tissue into the peritoneal
cavity. Am. J. Obstet. Gynecol. 1927, 14, 422-469.

Nisolle, M.; Donnez, J. Peritoneal endometriosis, ovarian endometriosis, and adenomyotic nodules of the rectovaginal
septum are three different entities. Fertil. Steril. 1997, 68, 585-596.

Amro, B.; Aristondo, M.E.R.; Alsuwaidi, S.; Almaamari, B.; Hakim, Z.; Tahlak, M.; Wattiez, A.; Koninckx, P.R. New
Understanding of Diagnosis, Treatment and Prevention of Endometriosis. Int. J. Environ. Res. Public. Health 2022, 19,
6725.



27.

28.

29

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

Sinaii, N.; Cleary, S.D.; Ballweg, M.L.; Nieman, L.K.; Stratton, P. High rates of autoimmune and endocrine disorders,
fibromyalgia, chronic fatigue syndrome and atopic diseases among women with endometriosis: A survey analysis.
Hum. Reprod. 2002, 17, 2715-2724.

Solnik, M.J. Chronic pelvic pain and endometriosis in adolescents. Curr. Opin. Obstet. Gynecol. 2006, 18, 511-518.

. Sasamoto, N.; Ngo, L.; Vitonis, A.F.; Dillon, S.T.; Sieberg, C.B.; A Missmer, S.; A Libermann, T.; Terry, K.L. Plasma

proteomic profiles of pain subtypes in adolescents and young adults with endometriosis. Hum. Reprod. 2023, 38,
1509-15109.

Han, S.J.; O'Malley, B.W. The dynamics of nuclear receptors and nuclear receptor coregulators in the pathogenesis of
endometriosis. Hum. Reprod. Update 2014, 20, 467.

Knox, B.; Ong, Y.C.; Bakar, M.A.; Grover, S.R. A longitudinal study of adolescent dysmenorrhoea into adulthood. Eur. J.
Pediatr. 2019, 178, 1325-1332.

Gubbels, A.; Spivack, L.; Lindheim, S.R.; Bhagavath, B. Adolescent Endometriosis. Obstet. Gynecol. Surv. 2020, 75,
483-496.

Hirsch, M.; Dhillon-Smith, R.; Cutner, A.S.; Yap, M.; Creighton, S.M. The Prevalence of Endometriosis in Adolescents
with Pelvic Pain: A Systematic Review. J. Pediatr. Adolesc. Gynecol. 2020, 33, 623-630.

Koninckx, P.R.; Ussia, A.; Adamyan, L.; Wattiez, A.; Donnez, J. Deep endometriosis: Definition, diagnosis, and
treatment. Fertil. Steril. 2012, 98, 564-571.

DiVasta, A.D.; Vitonis, A.F.; Laufer, M.R.; Missmer, S.A. Spectrum of symptoms in women diagnosed with
endometriosis during adolescence vs. adulthood. Am. J. Obstet. Gynecol. 2018, 218, 324.e1-324.e11.

Suvitie, P.A.; Hallamaa, M.K.; Matomaki, J.M.; M&kinen, J.1.; Perheentupa, A.H. Prevalence of Pain Symptoms
Suggestive of Endometriosis Among Finnish Adolescent Girls (TEENMAPS Study). J. Pediatr. Adolesc. Gynecol. 2016,
29, 97-103.

Sasamoto, N.; Shafrir, A.L.; Wallace, B.M.; Vitonis, A.F.; Fraer, C.J.; Gallagher, J.S.; DePari, M.; Ghiasi, M.; Laufer,
M.R.; Sieberg, C.B.; et al. Trends in pelvic pain symptoms over 2 years of follow-up among adolescents and young
adults with and without endometriosis. Pain 2023, 164, 613—-624.

Bush, D.; Brick, E.; East, M.C.; Johnson, N. Endometriosis education in schools: A New Zealand model examining the
impact of an education program in schools on early recognition of symptoms suggesting endometriosis. Aust. N. Z. J.
Obstet. Gynaecol. 2017, 57, 452-457.

Martire, F.G.; Russo, C.; Selntigia, A.; Nocita, E.; Soreca, G.; Lazzeri, L.; Zupi, E.; Exacoustos, C. Early noninvasive
diagnosis of endometriosis: Dysmenorrhea and specific ultrasound findings are important indicators in young women.
Fertil. Steril. 2023, 119, 455-464.

Millischer, A.E.; Santulli, P.; Da Costa, S.; Bordonne, C.; Cazaubon, E.; Marcellin, L.; Chapron, C. Adolescent
endometriosis: Prevalence increases with age on magnetic resonance imaging scan. Fertil. Steril. 2023, 119, 626—633.

Martire, F.G.; Lazzeri, L.; Conway, F.; Siciliano, T.; Pietropolli, A.; Piccione, E.; Solima, E.; Centini, G.; Zupi, E.;
Exacoustos, C. Adolescence and endometriosis: Symptoms, ultrasound signs and early diagnosis. Fertil. Steril. 2020,
114, 1049-1057.

Lazzeri, L.; Andersson, K.L.; Angioni, S.; Arena, A.; Arena, S.; Bartiromo, L.; Berlanda, N.; Bonin, C.; Candiani, M.;
Centini, G.; et al. How to Manage Endometriosis in Adolescence: The Endometriosis Treatment Italian Club Approach.
J. Minim. Invasive Gynecol. 2023, 30, 616-626.

Greene, R.; Stratton, P.; Cleary, S.D.; Ballweg, M.L.; Sinaii, N. Diagnostic experience among 4,334 women reporting
surgically diagnosed endometriosis. Fertil. Steril. 2009, 91, 32—-39.

Martire, F.G.; Piccione, E.; Exacoustos, C.; Zupi, E. Endometriosis and Adolescence: The Impact of Dysmenorrhea. J.
Clin. Med. 2023, 12, 5624.

Centini, G.; Lazzeri, L.; Dores, D.; Pianigiani, L.; lannone, P.; Luisi, S.; Petraglia, F.; Zupi, E. Chronic Pelvic Pain and
Quality of Life in Women with and without Endometriosis. J. Endometr. Pelvic Pain Disord. 2013, 5, 27-33.

Hailemeskel, S.; Demissie, A.; Assefa, N. Primary dysmenorrhea magnitude, associated risk factors, and its effect on
academic performance: Evidence from female university students in Ethiopia. Int. J. Women'’s Health 2016, 8, 489.

Moumane, K.; Idri, A. Mobile applications for endometriosis management functionalities: Analysis and potential. Sci. Afr.
2023, 21, e01833.

Chapron, C.; Santulli, P.; De Ziegler, D.; Noel, J.-C.; Anaf, V.; Streuli, |.; Foulot, H.; Souza, C.; Borghese, B. Ovarian
endometrioma: Severe pelvic pain is associated with deeply infiltrating endometriosis. Hum. Reprod. 2012, 27, 702—
711.



49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

Pino, I.; Belloni, G.M.; Barbera, V.; Solima, E.; Radice, D.; Angioni, S.; Arena, S.; Bergamini, V.; Candiani, M.;
Maiorana, A.; et al. Better late than never but never late is better”, especially in young women. A multicenter Italian
study on diagnostic delay for symptomatic endometriosis. Eur. J. Contracept. Reprod. Health Care 2023, 28, 10-16.

Tsonis, O.; Barmpalia, Z.; Gkrozou, F.; Chandraharan, E.; Pandey, S.; Siafaka, V.; Paschopoulos, M. Endometriosis in
adolescence: Early manifestation of the traditional disease or a unique variant? Eur. J. Obstet. Gynecol. Reprod. Biol.
2020, 247, 238-243.

Shim, J.Y.; Laufer, M.R. Adolescent Endometriosis: An Update. J. Pediatr. Adolesc. Gynecol. 2020, 33, 112-119.

Laufer, M.R.; Goitein, L.; Bush, M.; Cramer, D.W.; Emans, S.J. Prevalence of endometriosis in adolescent girls with
chronic pelvic pain not responding to conventional therapy. J. Pediatr. Adolesc. Gynecol. 1997, 10, 199-202.

Marcellin, L.; Santulli, P.; Pinzauti, S.; Bourdon, M.; Lamau, M.C.; Borghese, B.; Petraglia, F.; Chapron, C. Age at
menarche does not correlate with the endometriosis phenotype. PLoS ONE 2019, 14, e0219497.

Janssen, E.B.; Rijkers, A.C.M.; Hoppenbrouwers, K.; Meuleman, C.; D'Hooghe, T.M. Prevalence of endometriosis
diagnosed by laparoscopy in adolescents with dysmenorrhea or chronic pelvic pain: A systematic review. Hum. Reprod.
Update 2013, 19, 570-582.

Raimondo, D.; Raffone, A.; Renzulli, F.; Sanna, G.; Raspollini, A.; Bertoldo, L.; Maletta, M.; Lenzi, J.; Rovero, G.;
Travaglino, A.; et al. Prevalence and Risk Factors of Central Sensitization in Women with Endometriosis. J. Minim.
Invasive Gynecol. 2023, 30, 73-80.e1.

Miller, J.A.; Missmer, S.A.; Vitonis, A.F.; Sarda, V.; Laufer, M.R.; DiVasta, A.D. Prevalence of migraines in adolescents
with endometriosis. Fertil. Steril. 2018, 109, 685—-690.

Schneider, M.P.; Vitonis, A.F.; Fadayomi, A.B.; Charlton, B.M.; Missmer, S.A.; DiVasta, A.D. Quality of Life in Adolescent
and Young Adult Women With Dyspareunia and Endometriosis. J. Adolesc. Health 2020, 67, 557-561.

Schomacker, M.L.; Hansen, K.E.; Ramlau-Hansen, C.H.; Forman, A. Is endometriosis associated with irritable bowel
syndrome? A cross-sectional study. Eur. J. Obstet. Gynecol. Reprod. Biol. 2018, 231, 65-69.

El-Matary, W.; Deora, V.; Grover, K. Barriers to clinical research in children with inflammatory bowel disease: The
patients’ perspective. PLoS ONE 2018, 13, e0206965.

Sharma, M.; Singh, P.; Agnihotri, A.; Das, P.; Mishra, A.; Verma, A.K.; Ahuja, A.; Sreenivas, V.; Khadgawat, R.; Gupta,
S.D.; et al. Celiac disease: A disease with varied manifestations in adults and adolescents. J. Dig. Dis. 2013, 14, 518—
525.

Hansen, C.C.; Sgreide, K. Systematic review of epidemiology, presentation, and management of Meckel’'s diverticulum
in the 21st century. Medicine 2018, 97, e12154.

Dun, E.C.; Kho, K.A.; Morozov, V.V.; Kearney, S.; Zurawin, J.L.; Nezhat, C.H. Endometriosis in adolescents. JSLS
2015, 19, e2015.00019.

Wright, K.N.; Laufer, M.R. Endometriomas in adolescents. Fertil. Steril. 2010, 94, 1529.e7-1529.e9.

Hudelist, G.; Ballard, K.; English, J.; Wright, J.; Banerjee, S.; Mastoroudes, H.; Thomas, A.; Singer, C.F.; Keckstein, J.
Transvaginal sonography vs. clinical examination in the preoperative diagnosis of deep infiltrating endometriosis.
Ultrasound Obstet. Gynecol. 2011, 37, 480-487.

Hudelist, G.; Fritzer, N.; Staettner, S.; Tammaa, A.; Tinelli, A.; Sparic, R.; Keckstein, J. Uterine sliding sign: A simple
sonographic predictor for presence of deep infiltrating endometriosis of the rectum. Ultrasound Obstet. Gynecol. 2013,
41, 692—695.

Nisenblat, V.; Bossuyt, P.M.M.; Farquhar, C.; Johnson, N.; Hull, M.L. Imaging modalities for the non-invasive diagnosis
of endometriosis. Cochrane Database Syst. Rev. 2016, 2, CD009591.

Margueritte, F.; Fauconnier, A. Adolescent endometriosis: Should we really use magnetic resonance imaging scans in
this population? Fertil. Steril. 2023, 120 Pt 2, 706.

Guducu, N.; Sidar, G.; Isci, H.; Yigiter, A.B.; Dunder, I. The Utility of Transrectal Ultrasound in Adolescents When
Transabdominal or Transvaginal Ultrasound Is Not Feasible. J. Pediatr. Adolesc. Gynecol. 2013, 26, 265—-268.

Ohba, T.; Mizutani, H.; Maeda, T.; Matsuura, K.; Okamura, H. Evaluation of endometriosis in uterosacral ligaments by
transrectal ultrasonography. Hum. Reprod. 1996, 11, 2014-2017.

Koga, K.; Osuga, Y.; Yano, T.; Momoeda, M.; Yoshino, O.; Hirota, Y.; Kugu, K.; Nishii, O.; Tsutsumi, O.; Taketani, Y.
Characteristic images of deeply infiltrating rectosigmoid endometriosis on transvaginal and transrectal ultrasonography.
Hum. Reprod. 2003, 18, 1328-1333.

Stochino-Loi, E.; Millochau, J.C.; Angioni, S.; Touleimat, S.; Abo, C.; Chanavaz-Lacheray, I.; Hennetier, C.; Roman, H.
Relationship between Patient Age and Disease Features in a Prospective Cohort of 1560 Women Affected by



72.

73.

74.

75.

76.

77.

78.

79.

80.
81.

82.

83.

Endometriosis. J. Minim. Invasive Gynecol. 2020, 27, 1158-1166.

Zannoni, L.; Del Forno, S.; Paradisi, R.; Seracchioli, R. Endometriosis in Adolescence: Practical Rules for an Earlier
Diagnosis. Pediatr. Ann. 2016, 45, e332-e335.

Alborzi, S.; Rasekhi, A.; Shomali, Z.; Madadi, G.; Alborzi, M.; Kazemi, M.; Nohandani, A.H. Diagnostic accuracy of
magnetic resonance imaging, transvaginal, and transrectal ultrasonography in deep infiltrating endometriosis. Medicine
2018, 97, €9536.

Bazot, M.; Bharwani, N.; Huchon, C.; Kinkel, K.; Cunha, T.M.; Guerra, A.; Manganaro, L.; Bufiesch, L.; Kido, A.;
Togashi, K.; et al. European society of urogenital radiology (ESUR) guidelines: MR imaging of pelvic endometriosis.
Eur. Radiol. 2017, 27, 2765-2775.

Kinkel, K.; Frei, K.A.; Balleyguier, C.; Chapron, C. Diagnosis of endometriosis with imaging: A review. Eur. Radiol. 2006,
16, 285-298.

Vercellini, P.; Vigano, P.; Somigliana, E.; Daguati, R.; Abbiati, A.; Fedele, L. Adenomyosis: Epidemiological factors.
Best. Pract. Res. Clin. Obstet. Gynaecol. 2006, 20, 465-477.

Vigano, P.; Parazzini, F.; Somigliana, E.; Vercellini, P. Endometriosis: Epidemiology and aetiological factors. Best.
Pract. Res. Clin. Obstet. Gynaecol. 2004, 18, 177-200.

Kunz, G.; Herbertz, M.; Beil, D.; Huppert, G.; Leyendecker, G. Adenomyosis as a disorder of the early and late human
reproductive period. Reprod. Biomed. Online 2007, 15, 681-685.

Exacoustos, C.; Lazzeri, L.; Martire, F.G.; Russo, C.; Martone, S.; Centini, G.; Piccione, E.; Zupi, E. Ultrasound
Findings of Adenomyosis in Adolescents: Type and Grade of the Disease. J. Minim. Invasive Gynecol. 2022, 29, 291—
299.el.

Dietrich, J.E. An update on adenomyosis in the adolescent. Curr. Opin. Obstet. Gynecol. 2010, 22, 388—392.

Exacoustos, C.; Morosetti, G.; Conway, F.; Camilli, S.; Martire, F.G.; Lazzeri, L.; Piccione, E.; Zupi, E. New Sonographic
Classification of Adenomyosis: Do Type and Degree of Adenomyosis Correlate to Severity of Symptoms? J. Minim.
Invasive Gynecol. 2020, 27, 1308-1315.

Conway, F.; Morosetti, G.; Camilli, S.; Martire, F.G.; Sorrenti, G.; Piccione, E.; Zupi, E.; Exacoustos, C. Ulipristal acetate
therapy increases ultrasound features of adenomyosis: A good treatment given in an erroneous diagnosis of uterine
fibroids. Gynecol. Endocrinol. 2019, 35, 207-210.

Hewitt, G.D.; Gerancher, K.R. ACOG Committee Opinion No. 760: Dysmenorrhea and Endometriosis in the Adolescent.
Obstet. Gynecol. 2018, 132, E249—E258.

Retrieved from https://encyclopedia.pub/entry/history/show/123120



