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Abstract

Background. Endometriosis is a chronic estrogen-dependent inflammatory and fibrotic
disorder associated with dysmenorrhea, nonmenstrual pelvic pain, dyspareunia, bowel and urinary
symptoms, infertility, fatigue, and reduced quality of life. Contemporary practice is shifting from
routine diagnostic laparoscopy toward a clinical-imaging diagnosis supported by expert
transvaginal ultrasound, magnetic resonance imaging, molecular biomarkers, and individualized
therapeutic response.

Materials and methods. A structured narrative review was conducted using international
guidelines, consensus statements, prospective diagnostic studies, randomized trials, biomarker
investigations, and fertility-preservation reviews published through July 2026. Evidence was
organized by clinical phenotype, imaging performance, artificial-intelligence support, microRNA
testing, hormonal therapy, surgery, ovarian reserve, fertility planning, safety, and implementation.

Results. Expert transvaginal ultrasound and pelvic MRI can diagnose ovarian and deep
endometriosis and provide preoperative anatomical mapping, although superficial peritoneal lesions
remain difficult to detect. A 2026 MRI artificial-intelligence program improved radiologists’ recall
for subtle posterior pelvic plagues from 0.73 to 0.91 in a preliminary reader study, but external
prospective validation is still required. A 2025 multicenter study externally validated a saliva-based
microRNA signature, supporting the feasibility of noninvasive molecular triage, while
heterogeneity among biomarker platforms prevents routine universal adoption. Oral gonadotropin-
releasing hormone antagonists reduce dysmenorrhea and nonmenstrual pelvic pain, but
hypoestrogenic effects require dose selection and add-back therapy. Surgical decisions should
integrate pain, anatomy, fertility goals, ovarian reserve, prior surgery, and procedural risk.

Conclusion. Endometriosis management is moving toward a multimodal precision pathway.
Imaging, biomarkers, hormonal response, fertility assessment, and multidisciplinary decision-
making should complement rather than automatically replace one another.

Keywords: endometriosis, deep endometriosis, transvaginal ultrasound, magnetic resonance
imaging, artificial intelligence, microRNA, GnRH antagonist, infertility, ovarian reserve, fertility
preservation.
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AKTYaJlbHOCTB. DHJOMETPHO3 MPEICTAaBIsAET COO0M XPOHHMUECKOE ICTPOTeH3aBUCHMOE
BOCHATUTENbHO-PuOpo3upytoiee  3aboieBaHrWe,  aCCOUMMPOBAHHOE  C  JAWCMEHOpECH,
HEMEHCTPYaJIbHOM Ta30BOM O0JIbO, TUCHApPEYHHEH, KHUIIEYHbBIMU M MOYEBBIMH CHMIITOMaMH,
OecruionueM, YTOMIISIEMOCTbIO M CHIDKEHHEM KauecTBa JKM3HU. COBpeMEeHHas KIMHUYecKas
IIPAKTUKA IIOCTENIEHHO OTKAa3bIBAE€TCS OT O0S3aTENbHOIO BBIIIOJHEHUS JUarHOCTUYECKOM
JANapOCKONMKM M NEPEeXOIUT K KIMHUKO-BU3YaJU3allMOHHOM JMarHOCTUKE, OCHOBAaHHOW Ha
OKCIIEPTHOM TPAHCBarMHAJIbHOM  YJBTPAa3BYKOBOM MCCIEAOBAHWH, MAarHUTHO-PE30HAHCHON
TOMOTrpa(uu, MOJIEKYJISIPHBIX OMOMapKepax U OLEHKE MHMBHUYyaIbHOI'O OTBETA HA JICYEHUE.

Marepuanbl M MeTOAbl. BbINONHEH CTPYKTYpUpOBaHHBIA HappaTUBHBIA  0030p
MEXIyHapOAHbIX PEKOMEHIAlIMI, KOHCEHCYCHBIX IOKYMEHTOB, IPOCIIEKTUBHBIX JUArHOCTHYECKHUX
UCCIIEIOBAaHUM, PAaHIOMHU3UPOBAHHBIX HCHBITAHUHM, OMOMAapKEpHbIX PAOOT M MyOJUKalMi 110
COXpaHEHHIO  (GEepTUIBHOCTH, JOCTYmHBIX Jg0 wuions 2026 roma.  JlokasarenbcTBa
CHCTEMAaTU3HPOBAHbl 10 KIMHUYECKOMY (EHOTHIly, JHArHOCTHYECKOW A(PPEKTUBHOCTH
BU3yaJIM3allMM, IPUMEHEHMI0 MCKYCCTBEHHOro uHTelniekTa, MHUKpoPHK-tectuposanuto,
TOPMOHAJILHOW TEpaIluu, XUpypruu, 0BapuajJIbHOMY PE3€pBY, PENPOAYKTUBHOMY IUIAHUPOBAHMUIO,
0€30MaCHOCTH 1 BHEJIPEHUIO.

Pe3yabTarhl. DxcniepTHoe TpancBarnHainbHoe Y3U u MPT 1mo3BoJIAIOT 1MarHOCTUPOBATH
SHAOMETPUOMBI U TJIyOOKHM SHIOMETPHO3, a TaKK€ BBIIOJIHATh IPEIONEPALIOHHOE
aHATOMUYECKOE KapTUPOBAHME, OJIHAKO ITOBEPXHOCTHBIE MEPUTOHEATIbHBIE OYark OCTAIOTCS
CJIOKHBIMU /17151 BeIsIBJIeHUs. PazpaboTtannas B 2026 rogy nporpaMMa UCKYyCCTBEHHOI'O MHTEJUIEKTa
s MPT noBeicuia 4yBCTBUTENBHOCTD BBISBIEHUS! MaJI03aMETHBIX PETPOLIEPBUKAIBHBIX OJISIIEK,
HO 1IoKa TpeOyeT HE3aBUCUMOW MPOCIEKTUBHOW BaJWJalMi. BHEIIHsSs MHOTOLIEHTPOBas
Banuaauusa ciaoHHoM MukpoPHK-curHarypel noareepania NEpCHEKTHBHOCTh MOJIEKYJISIPHON
HEWHBA3UBHON COPTUPOBKHU. llepopanbHble aHTAaroHUCTHI TOHAJOTPONHMH-PUIM3HHI-TOPMOHA
YMEHBUIAIOT Ta30BYIO 00JIb, OJJHAKO TPEOYIOT KOHTPOJIS TMIIO3CTPOr€HHBIX 3((HEKTOB.

3akaroyenue. COBPEMEHHOE JIEUEHHE DSHJOMETPHO3a JIOJDKHO OCHOBBIBATbCS Ha
MYJbTUMOAAJIBHON NEPCOHATM3UPOBAHHON CTpaTerun, 00beINHSAIONIENH KIMHUYECKIUE CUMITTOMBI,
BU3yaJIM3allMI0, OMOMAapKepbl, OLEHKY OBAapHAJIbHOIO pe3epBa, pPENPOAYKTUBHBIE LEIH MU
MEXIUCLUUIIIIMHAPHOE IPUHATHE PEILICHUN.

KiroueBble cjioBa: >HIOMETpUO3, TIIyOOKHH 3HIOMETpHO3, TpaHCBaruHaiabHoe Y3U,
MarHUTHO-PE30HAHCHAas ToMorpadus, HMCKyCCTBEHHBIH MHTeNIeKT, MUKpoPHK, aHTaroHucTsl
I'uPT’, 6ecrinoaue, oBapuaIbHBIN pe3epB, COXpaHeHHE (HEPTHUIIBHOCTH.

2026-YILDA ENDOMETRIOZNI NOINVAZIV DIAGNOSTIKA QILISH VA
SHAXSIYLASHTIRILGAN DAVOLASH: EKSPERT ULTRATOVUSH TEKSHIRUVI,
MRTDAGI SUN’IY INTELLEKT, MIKRORNK BIOMARKERLARI VA FERTILITETNI
SAQLOVCHI TERAPIYA
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Annotatsiya

Dolzarblik. Endometrioz dismenoreya, hayz sikliga bog‘liq bo‘lmagan chanoq og‘rig‘i,
dispareuniya, ichak va siydik chigarish simptomlari, bepushtlik, charchog hamda hayot sifatining
pasayishi bilan kechuvchi surunkali estrogenga bog‘liq yallig‘lanish va fibroz kasalligidir.
Zamonaviy amaliyot majburiy diagnostik laparoskopiyadan ekspert transvaginal ultratovush,
magnit-rezonans tomografiya, molekulyar biomarkerlar va davolashga individual javob asosidagi
klinik-tasviriy diagnostikaga o‘tmoqda.

Material va usullar. 2026-yil iyuligacha chop etilgan xalgaro tavsiyalar, konsensus
hujjatlari, prospektiv diagnostik tadgigotlar, randomizatsiyalangan sinovlar, biomarker izlanishlari
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va fertilitetni saqlashga oid sharhlar asosida strukturaviy narrativ tahlil bajarildi. Dalillar klinik
fenotip, tasviriy diagnostika, sun’iy intellekt, mikroRNK tekshiruvi, gormonal davolash, jarrohlik,
tuxumdon zaxirasi, reproduktiv rejalashtirish va xavfsizlik bo‘yicha tizimlashtirildi.

Natijalar. Ekspert transvaginal ultratovush va chanoq MRTsi tuxumdon endometriomalari
hamda chuqur endometriozni aniglash, shuningdek, operatsiyadan oldingi anatomik xaritalash
imkonini beradi. Biroq yuzaki peritoneal o‘choqlarni aniglash qiyinligicha qolmoqda. 2026-yilda
ishlab chigilgan MRTga asoslangan sun’iy intellekt dasturi kichik retroservikal o‘choglarni aniglash
sezgirligini oshirdi, ammo mustagqil validatsiya zarur. 2025-yildagi ko‘p markazli tadqiqot so‘lak
mikroRNK signaturasining noinvaziv diagnostik imkoniyatini tasdigladi. Og‘iz orqali gabul
gilinadigan GnRG antagonistlari og‘rigni kamaytiradi, biroq gipoestrogen nojo‘ya ta’sirlarni
nazorat gilish lozim.

Xulosa. Endometriozni boshgarish klinik simptomlar, tasvirlash, biomarkerlar, tuxumdon
zaxirasi, fertilitet magsadlari va multidisiplinar qarorlarni birlashtiruvchi shaxsiylashtirilgan
yondashuvga asoslanishi kerak.

Kalit so‘zlar: endometrioz, chuqur endometrioz, transvaginal ultratovush, magnit-rezonans
tomografiya, sun’iy intellekt, mikroRNK, GnRG antagonisti, bepushtlik, tuxumdon zaxirasi,
fertilitetni saglash.

Introduction. Endometriosis is defined by the presence of endometrium-like glands and
stroma outside the uterine cavity, accompanied by inflammation, neuroangiogenesis, fibrosis,
adhesions, and variable organ dysfunction. The World Health Organization estimates that
approximately 10% of reproductive-age women, corresponding to about 190 million individuals
worldwide, are affected. Diagnostic delay commonly extends for several years because symptoms
overlap with primary dysmenorrhea, irritable bowel syndrome, bladder pain syndrome, pelvic
inflammatory disease, adenomyosis, musculoskeletal pain, and functional pain disorders [1, 2, 3].
Endometriosis should not be considered solely a collection of ectopic lesions. It is a heterogeneous
systemic and pelvic disorder involving estrogen-dependent inflammation, progesterone resistance,
peripheral and central sensitization, altered immune responses, fibrosis, changes in pelvic
innervation, and, in some patients, impaired fertility [1, 2, 10, 13]. The principal phenotypes are
superficial peritoneal endometriosis, ovarian endometrioma, and deep endometriosis. These
phenotypes frequently coexist but differ in detectability, symptom burden, fertility implications,
surgical complexity, and response to treatment. Deep endometriosis may involve the uterosacral
ligaments, torus uterinus, rectovaginal septum, vagina, rectosigmoid bowel, bladder, ureters,
parametria, pelvic nerves, or abdominal wall. The severity of pain does not correlate consistently
with the anatomical stage. A patient with limited superficial disease may experience severe pain due
to neural sensitization, whereas another patient with extensive bowel or ureteric disease may have
modest symptoms [3, 6, 15, 18].

The traditional diagnostic model required laparoscopic visualization with histological
confirmation. Contemporary guidelines no longer support diagnostic laparoscopy as an obligatory
first-line test in every symptomatic patient. A clinical diagnosis based on characteristic symptoms,
examination, and imaging can justify empirical hormonal treatment, while surgery is reserved for
defined diagnostic or therapeutic indications [2, 3, 7]. This transition does not mean that laparoscopy
has become unnecessary. Surgery remains important when imaging is negative but symptoms are
severe and persistent, when malignancy cannot be excluded, when organ obstruction is present,
when tissue confirmation is required, or when excision is expected to improve pain, anatomy, or
fertility. The major contemporary challenge is to combine noninvasive diagnostic tools without
creating a new form of overdiagnosis. A positive biomarker or algorithmic prediction should not
automatically lead to surgery, while a negative ultrasound should not automatically exclude
superficial disease [5, 11, 16, 20].



The aim of this review is to evaluate the emerging multimodal pathway that integrates expert
ultrasound, MRI, artificial intelligence, microRNA biomarkers, modern hormonal suppression,
surgical planning, and fertility preservation.

Materials and Methods. A structured narrative review was performed using studies and
recommendations available through July 2026. Priority was given to international guidelines,
multidisciplinary consensus statements, prospective diagnostic studies, multicenter external-
validation studies, randomized phase Il trials, and fertility-preservation reviews. Evidence was
organized into seven domains: clinical diagnosis, transvaginal ultrasound, MRI, artificial-
intelligence-assisted imaging, molecular biomarkers, medical treatment, and fertility-preserving
management. The principal reference standards included surgical visualization, histopathology,
expert imaging diagnosis, longitudinal clinical assessment, and composite clinical-imaging
diagnosis. The limitations of each reference standard were considered because histology may miss
small lesions, surgery may overlook retroperitoneal or extrapelvic disease, and expert imaging
interpretation is operator dependent. The proposed future research framework is a prospective,
multicenter, paired diagnostic-impact trial involving symptomatic reproductive-age women. Each
participant would undergo standardized symptom assessment, expert transvaginal ultrasound, MRI
when indicated, saliva or blood biomarker testing, ovarian-reserve evaluation, and multidisciplinary
clinical review. The primary endpoint would be time from specialist presentation to a clinically
actionable diagnosis that leads to symptom-directed treatment, fertility planning, or appropriately
indicated surgery. Secondary endpoints would include diagnostic accuracy for deep endometriosis,
avoidance of nontherapeutic laparoscopy, pain reduction, quality of life, fertility outcomes,
diagnostic confidence, cost, and safety.

Results. The clinical evaluation should begin with a structured description of pain rather
than a simple question regarding dysmenorrhea. Relevant domains include menstrual pain,
nonmenstrual pelvic pain, deep dyspareunia, dyschezia, painful rectal bleeding, dysuria, cyclical
hematuria, shoulder pain, chest pain, fatigue, infertility, school or work absence, analgesic use, and
sleep disruption. The cyclical character of symptoms increases diagnostic suspicion but is not
mandatory. Advanced fibrosis and central sensitization can produce continuous pain. Similarly,
bowel and bladder symptoms may become less cycle dependent as disease progresses. Validated
instruments such as the Endometriosis Health Profile-30, visual analogue scale, numerical rating
scale, and pain-interference measures improve longitudinal assessment [4, 7, 14, 19]. However, no
symptom score can establish lesion location or determine whether surgery will improve pain. Pelvic
examination may reveal reduced uterine mobility, posterior fornix tenderness, uterosacral
nodularity, adnexal mass, rectovaginal induration, or lateral parametrial tenderness. A normal
examination does not exclude disease, particularly superficial peritoneal endometriosis or small
ovarian lesions.

Expert transvaginal ultrasound. Transvaginal ultrasound is the preferred first-line imaging
technique for many symptomatic women because it is widely available, relatively inexpensive,
dynamic, and capable of evaluating the uterus, ovaries, pelvic mobility, bowel, bladder, and ureters
in a single examination. The International Deep Endometriosis Analysis framework recommends a
systematic assessment consisting of routine evaluation of the uterus and adnexa, detection of soft
markers, assessment of the sliding sign, and targeted examination of the anterior and posterior pelvic
compartments [21, 24, 30, 32]. Soft markers include site-specific tenderness, ovarian immobility,
reduced organ sliding, and loculated pelvic fluid. The sliding sign assesses whether the anterior
rectum and sigmoid colon move freely against the posterior uterus and whether the uterus moves
against the posterior pelvic structures. Ovarian endometriomas typically appear as cystic lesions
with homogeneous low-level internal echoes, commonly described as ground-glass echogenicity.
Atypical solid areas, papillary projections, irregular vascular tissue, or rapid postmenopausal growth
require evaluation for malignant transformation or an alternative ovarian neoplasm. Expert
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ultrasound can identify bowel nodules, bladder lesions, vaginal involvement, uterosacral disease,
obliteration of the pouch of Douglas, and hydronephrosis caused by ureteric endometriosis.
Diagnostic performance depends strongly on the examiner’s training and use of a structured protocol
[2, 3, 10, 18]. The 2024 international intersociety consensus supports transvaginal ultrasound and
MRI as central noninvasive modalities for the diagnosis and classification of pelvic deep
endometriosis. It also emphasizes that imaging should be performed by appropriately trained
clinicians and used for counseling and surgical planning [6, 11, 12, 20].

Table 1. Imaging findings and clinical implications

Imaging finding Probable interpretation Clinical implication

€1l S| EEFEIgERN Ovarian endometrioma Evaluate ovarian reserve,
malignancy risk, pain, and fertility
goals

Posterior compartment adhesions Increased surgical complexity
or pouch of Douglas obliteration

Hypoechoic Bowel deep endometriosis Measure depth, circumference,

rectosigmoid nodule distance from anal verge, and
stenosis

Vesical endometriosis Assess mucosal involvement and
urinary symptoms

Possible ureteric obstruction Requires timely urological and

hydronephrosis renal assessment

FEIGTa | Nilolgeli(el Torus  or  uterosacral deep Important for pain correlation and
plague endometriosis surgical mapping

Normal ultrasound No visible ovarian or deep disease Does not exclude superficial
peritoneal endometriosis

Magnetic resonance imaging. MRI is useful when ultrasound is inconclusive, when
extensive deep disease is suspected, when anatomy is distorted, or when lesions may involve the
bowel, bladder, ureters, parametria, diaphragm, or abdominal wall. MRI provides a large field of
view and excellent soft-tissue contrast. T1-weighted fat-suppressed sequences help detect
hemorrhagic lesions, while high-resolution T2-weighted sequences characterize fibrosis, adhesions,
organ distortion, and deep nodules. Endometriomas commonly demonstrate high signal intensity on
T1-weighted images and T2 shading caused by repeated hemorrhage and high protein concentration.
Deep lesions typically appear as low-signal fibrotic plaques or nodules on T2-weighted images,
sometimes containing small hyperintense hemorrhagic foci. MRI is particularly valuable for
presurgical mapping when multidisciplinary bowel, urological, or thoracic involvement is possible.
Imaging should describe lesion dimensions, depth of bowel-wall infiltration, distance from the anal
verge, ureteric proximity, hydronephrosis, bladder-wall involvement, ovarian anatomy, and
adhesive distortion. The major limitations are cost, restricted availability, motion artifacts, variation
in acquisition protocols, and dependence on radiological expertise. Small superficial lesions and
microscopic disease may remain invisible [13, 15, 17, 27].

Artificial intelligence and MRI interpretation. Artificial intelligence may assist lesion
detection, segmentation, adhesion prediction, volumetric assessment, and standardized reporting.
The potential benefit is greatest for subtle posterior-compartment plaques and complex adhesive
disease that are difficult for less-experienced radiologists to recognize. A 2026 study developed an
MRI reading-support program combining neural-network segmentation of deep plaques and ovarian
endometriomas with radiomics-based adhesion detection. In a preliminary reader study involving
three radiologists, the program increased mean recall for plaque detection from 0.73 to 0.91 [4, 8,
14, 25]. The program achieved strong localization performance but only modest volumetric overlap
for small plaques. Its development dataset contained 333 examinations from 277 patients, and the
study lacked systematic surgical gold-standard confirmation for all lesions. The authors
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appropriately described the system as proof of concept rather than a clinically validated autonomous
tool [9]. This example illustrates a fundamental issue in medical artificial intelligence: a model can
improve the reader’s attention without being sufficiently reliable for independent diagnosis. Clinical
interfaces should provide lesion heat maps, confidence estimates, image-quality warnings, and
alternative interpretations rather than a single binary result. Training and test datasets must be
separated at both patient and institution levels. External validation should include different MRI
manufacturers, field strengths, acquisition parameters, ethnic groups, disease prevalence, and
clinical settings [6, 13, 28].

Molecular biomarkers and microRNA. The ideal endometriosis biomarker would identify
clinically relevant disease, distinguish phenotypes, remain stable across the menstrual cycle, predict
treatment response, and perform consistently across age and ethnicity. CA-125 has insufficient
sensitivity and specificity for routine diagnosis. It may be elevated in endometriosis but is also
influenced by menstruation, adenomyosis, fibroids, pregnancy, inflammation, and malignancy.
Investigated biomarker classes include circulating proteins, cytokines, autoantibodies, metabolites,
cell-free DNA, messenger RNA, microRNA, piRNA, extracellular vesicles, and microbiome
signatures. Many studies report encouraging discrimination but have small cohorts, inconsistent
reference standards, and inadequate external validation [11, 12, 20]. MicroRNAs are short
noncoding RNA molecules that regulate gene expression and may reflect inflammation,
angiogenesis, fibrosis, hormone signaling, immune dysregulation, and lesion activity. Panels
generally perform better than individual microRNAs because endometriosis is biologically
heterogeneous. In 2025, a prospective multicenter study externally validated a saliva-based
microRNA signature in women with symptoms suggestive of endometriosis. The study provided an
important advance because it examined biological reproducibility and diagnostic performance
beyond the original development cohort [15, 17, 27]. Nevertheless, a commercial biomarker should
not be introduced solely on the basis of high sensitivity and specificity in a selected referral
population. Its performance must be evaluated in primary care, adolescents, women receiving
hormones, patients with adenomyosis or fibroids, and populations with a low prevalence of
surgically confirmed disease. A positive molecular result should not automatically mandate
laparoscopy. Its most appropriate role may be as a triage tool that increases or decreases the
probability of disease and helps determine whether expert imaging, empirical treatment, fertility
assessment, or specialist referral is required [7, 14, 19].

Table 2. Potential role of noninvasive biomarkers

e [E gk e S E TG Increased probability of Expert imaging and individualized
(ETEE Gl Yl el Sl endometriosis treatment planning

o o[RS L LTINS Possible  superficial or Consider specialist ultrasound, MRI,
normal UIip=8 imaging-occult disease  empirical treatment, or laparoscopy if
ultrasound indicated

EolVA g e S i s Endometriosis less likely Evaluate alternative diagnoses and
persistent SEE R but not excluded reassess

symptoms

BIEo e ETaI AN I EG[Tas a6 8 Diagnostic uncertainty ~ Multidisciplinary review and
biomarker findings longitudinal evaluation

Biomarker obtained WelCiEL altered Interpret according to validated assay
during a1 gnlelaEtN molecular profile conditions
treatment

Positive result in an e clinical Avoid treatment without clinical
asymptomatic patient significance correlation

Hormonal management. Hormonal treatment aims to reduce ovulation, menstruation,
estrogenic stimulation, lesion activity, and pain. It does not remove fibrosis or restore distorted
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pelvic anatomy. Combined hormonal contraceptives and progestogens remain common first-line
options for patients who are not trying to conceive. Continuous rather than cyclic administration
may reduce menstrual pain and bleeding. Dienogest has substantial evidence for reducing
endometriosis-associated pain and may be used long term in appropriately selected patients.
Adverse effects include irregular bleeding, headache, mood changes, breast discomfort, and, in
some patients, reduction in bone-mineral density. Levonorgestrel-releasing intrauterine systems can
reduce dysmenorrhea and may be particularly useful when adenomyosis or heavy menstrual
bleeding coexists. Their effects on extrauterine disease are mediated primarily through menstrual
suppression and local endometrial action. Gonadotropin-releasing hormone agonists induce a
reversible hypoestrogenic state but are associated with hot flushes, vaginal dryness, sleep
disturbance, mood symptoms, and bone loss. Add-back therapy can reduce these adverse effects.
Oral GnRH antagonists suppress gonadotropins rapidly and do not produce the initial flare
associated with agonists. Phase 111 studies demonstrated that relugolix combination therapy reduced
dysmenorrhea and nonmenstrual pelvic pain, while a long-term extension supported sustained
symptom improvement for up to two years [16, 23, 30]. Linzagolix also reduced dysmenorrhea and
nonmenstrual pelvic pain in the phase 11l EDELWEISS 3 study. Dose-dependent hypoestrogenic
effects mean that higher-dose regimens generally require add-back therapy [21, 24, 31]. Medical
treatment should be selected according to pain phenotype, bleeding, contraceptive needs,
cardiovascular risk, migraine, bone health, mood history, previous response, fertility goals, cost,
and availability. ormonal response cannot confirm the diagnosis because primary dysmenorrhea,
adenomyosis, and other estrogen-responsive disorders may also improve. Conversely, treatment
failure does not exclude endometriosis, particularly when pain is driven by fibrosis, pelvic-floor
dysfunction, neuropathic mechanisms, or central sensitization.

Surgical treatment. Surgery should have a defined therapeutic objective. Appropriate
indications may include severe pain unresponsive to medical treatment, ovarian masses with
diagnostic uncertainty, bowel or urinary obstruction, progressive hydronephrosis, infertility in
selected patients, or patient preference after counseling. The objective is not necessarily removal of
every visible lesion. The extent of surgery must be balanced against risks of bowel injury, urinary
dysfunction, fistula, ureteric damage, ovarian failure, pelvic-nerve injury, and persistent pain. Deep
endometriosis surgery may require gynecological, colorectal, urological, reproductive, radiological,
and pain-medicine expertise [23, 30, 32]. Preoperative imaging should define the likely need for
disc excision, bowel shaving, segmental resection, ureterolysis, ureteric reimplantation, bladder
repair, or nerve-sparing dissection. Bowel procedures should be selected according to lesion size,
depth, circumferential involvement, multifocality, distance from the anal verge, stenosis, and
symptoms. Segmental resection should not be performed routinely when a less extensive technique
can achieve the therapeutic goal safely [1, 10, 13, 32]. Pain may persist despite technically complete
excision because central sensitization, pelvic-floor hypertonicity, neuropathic pain, irritable bowel
syndrome, bladder pain syndrome, and psychosocial factors may coexist. Surgery should therefore
be integrated with multidisciplinary pain and rehabilitation care.

Endometrioma, ovarian reserve, and fertility. Ovarian endometriomas are associated with
reduced ovarian reserve through inflammation, oxidative stress, altered follicular environment, and
loss of healthy cortex. Surgical cystectomy can reduce recurrence and provide histology but may
further reduce anti-Miillerian hormone concentration and antral follicle count. Repeated ovarian
surgery is particularly concerning in bilateral disease, previous cystectomy, low preoperative
ovarian reserve, older reproductive age, or a single functioning ovary. The decision between
surgery, expectant management, fertility preservation, and assisted reproduction should incorporate
age, ovarian reserve, pain, cyst size and morphology, previous surgery, infertility duration, tubal
status, partner factors, and access to reproductive care. A 2025 review on fertility preservation
emphasized that the risk of future reproductive impairment and the ovarian damage produced by
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disease or surgery are difficult to predict. Oocyte cryopreservation should therefore be discussed
selectively rather than offered automatically to every patient [3, 10, 18, 27]. Patients most likely to
benefit from early counseling include young women with bilateral endometriomas, recurrent
disease, anticipated ovarian surgery, low ovarian reserve, or delayed reproductive plans.
Cryopreservation before ovarian surgery may yield more oocytes than stimulation after repeated
cystectomy. However, stimulation itself has financial, emotional, and medical burdens, and not all
stored oocytes will ultimately be used or result in live birth.

Table 3. Personalized management framework

Preferred initial strateg

Empirical hormonal suppression and
organ involvement analgesia

Expert TVUS, MRI when indicated,
endometriosis multidisciplinary review
Compartment-specific imaging and
symptoms organ-function assessment

ONEFENCb g8 Ovarian-reserve testing and
reproductive counseling

Important cautions
Reassess if treatment fails
or red flags appear
Routine ultrasound may
miss complex lesions
Exclude obstruction and
alternative disease

Avoid automatic
cystectomy before IVF

Recurrent WizicIe8 Consider  oocyte  cryopreservation  Counseling must include
endometrioma before further surgery uncertain individual
benefit

EEHE LT Bl Evaluate neuropathic pain, pelvic floor, Repeated surgery may

surgery bowel, bladder, and central worsen morbidity
sensitization

Imaging-negative severe Waglof[e:! therapy, specialist Negative imaging does not

symptoms reassessment, or laparoscopy when exclude superficial
justified disease

Discussion. The central transformation in endometriosis care is the replacement of a single-
test diagnostic model with a probability-based clinical pathway. Historically, the disease was
considered either laparoscopically proven or absent. This framework contributed to diagnostic delay
because many patients could not access surgery or were reluctant to undergo an invasive procedure
solely for confirmation. Modern imaging can accurately diagnose ovarian endometrioma and many
forms of deep endometriosis. The 2024 international consensus therefore supports a shift toward
noninvasive mapping performed by trained experts [4, 14, 19, 25]. This progress should not be
overstated. Imaging is less reliable for superficial peritoneal disease, microscopic lesions, and some
lateral pelvic compartments. A negative scan must be interpreted as “no imaging-visible disease,”
not “no endometriosis.” Artificial intelligence may reduce reader variability and extend specialist
expertise, but current models remain limited by small datasets and uncertain reference standards.
The 2026 AMP study is clinically interesting because Al improved radiologists’ detection
sensitivity, yet its modest plaque segmentation performance and lack of universal surgical
confirmation prevent autonomous use [9]. The most realistic near-term role of Al is reader
assistance. Algorithms can prioritize suspicious areas, standardize measurements, generate
structured reports, and indicate when diagnostic confidence is low. MicroRNA signatures offer a
different type of information. Imaging identifies anatomical lesions, whereas molecular assays may
detect a systemic biological pattern. Combining both modalities could be more informative than
either alone. A patient with typical pain, positive microRNA testing, and negative routine imaging
might be referred for expert ultrasound rather than dismissed [5, 16, 20, 31]. Conversely, a patient
with an incidental small endometrioma but negative symptoms and low molecular risk might avoid
immediate surgery. These proposed pathways require prospective validation. A biomarker can
appear accurate in a specialist referral cohort because disease prevalence is high. Positive predictive
value will fall when the test is applied to a general population with a lower prevalence. Health-
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economic analysis is also required. A costly molecular test may still be valuable if it shortens
diagnostic delay and prevents repeated consultations, imaging, emergency attendance, or
nontherapeutic laparoscopy. Conversely, widespread testing may increase specialist referrals
without improving outcomes if follow-up capacity is limited. Therapeutic personalization must
distinguish symptom control from lesion removal. Hormonal suppression is appropriate for many
patients with pain who do not desire pregnancy. Surgery is appropriate when anatomy, organ
function, diagnostic uncertainty, or fertility considerations justify its risks [2, 6, 10, 13].

Oral GnRH antagonists expand medical options because they provide rapid and dose-
dependent estrogen suppression. Combination regimens may support longer treatment by mitigating
hypoestrogenic adverse effects. Nevertheless, these agents are not disease-eradicating therapies and
should not be presented as cures. Bone health, cardiovascular factors, mood symptoms, vasomotor
effects, and cost should be incorporated into long-term treatment decisions. Fertility introduces
another level of complexity. Endometriosis can impair reproduction, but surgery intended to
improve fertility may reduce ovarian reserve. The correct strategy may be surgery, assisted
reproduction, fertility preservation, expectant management, or a staged combination. No universal
anti-Miillerian hormone threshold can determine the best choice. Ovarian reserve markers estimate
the expected response to stimulation but do not directly measure natural fertility or oocyte quality.
Repeated ovarian surgery should be avoided whenever possible. When an endometrioma does not
cause severe pain, suspicious morphology, or technical obstruction to oocyte retrieval, proceeding
directly to assisted reproduction may be preferable to cystectomy in selected patients. Pain outcomes
also require broader evaluation [11, 15, 17, 20]. Lesion-directed treatment may fail when pain is
maintained by pelvic-floor dysfunction, cross-organ sensitization, neuropathic mechanisms, and
central nervous system amplification. Multidisciplinary management may include gynecology,
reproductive medicine, pelvic-floor physiotherapy, pain medicine, psychology, gastroenterology,
urology, nutrition, and sexual-health care. A comprehensive clinical endpoint should therefore
extend beyond pain intensity. Relevant outcomes include school and work participation, sexual
function, sleep, fatigue, mental health, fertility, analgesic consumption, and quality of life.

Proposed prospective study. A future multicenter study should recruit women with
suspected endometriosis before definitive diagnosis rather than enrolling only surgically confirmed
cases. All participants would undergo structured symptom assessment and standardized expert
transvaginal ultrasound. MRI would be performed according to predefined clinical indications.
Saliva microRNA testing would be conducted without disclosure to treating clinicians during the
validation phase. The reference diagnosis would be determined by a blinded multidisciplinary
committee using symptoms, serial imaging, surgical findings when available, histology, and
longitudinal response. The primary diagnostic endpoint would be the proportion of women receiving
a correct clinically actionable diagnosis without nontherapeutic laparoscopy. The primary patient-
centered endpoint would be improvement in pain interference and quality of life at 12 months.
Secondary endpoints would include time to diagnosis, number of clinical visits, imaging use,
surgery rate, fertility planning, work absence, cost, and diagnostic disagreement. A multimodal
prediction model could integrate symptoms, examination, ultrasound, MRI, microRNA, anti-
Miillerian hormone, and previous treatment. Its performance should be compared with specialist
clinical judgment, not merely with a single imaging test. The model should provide calibrated
probabilities and an abstention option. Cases with poor-quality imaging, conflicting results, or low
confidence should undergo expert review rather than automated classification.

Conclusion. Endometriosis diagnosis and treatment are undergoing a major transition from
routine surgical confirmation toward multimodal precision care. Expert transvaginal ultrasound is
the preferred first-line imaging technique for many patients, while MRI provides comprehensive
mapping of deep, complex, and extragenital pelvic disease. Negative imaging does not exclude
superficial endometriosis. Artificial intelligence may improve lesion detection, measurement, and
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reporting, but current systems should be used as decision-support tools rather than autonomous
diagnostic instruments. Saliva-based microRNA signatures and other molecular biomarkers may
reduce diagnostic delay and identify imaging-occult disease, although independent validation,
calibration, cost-effectiveness analysis, and evaluation in diverse populations remain necessary.
Hormonal therapy should be individualized according to symptoms, contraindications, adverse-
effect risk, and reproductive plans. Oral GnRH antagonists provide effective pain suppression but
require appropriate management of hypoestrogenic effects. Surgery should be performed for a
defined therapeutic objective and planned using detailed anatomical imaging. Extensive excision is
not automatically appropriate when the risk to bowel, urinary, neural, or ovarian function exceeds
the expected benefit. Fertility preservation should be discussed particularly in young patients with
bilateral or recurrent endometriomas, anticipated ovarian surgery, or declining ovarian reserve. It
should remain an individualized decision rather than a routine requirement. The future standard is
not a single perfect test. It is a coordinated clinical pathway combining symptoms, imaging,
biomarkers, therapeutic response, ovarian reserve, fertility goals, and multidisciplinary expertise.
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