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ABSTRACT

Background. Endometriosis is a chronic gynecological disorder that heavily impacts women's
physical and psychosocial well-being. Reliance on surgical diagnosis causes extensive delays,
prolonged symptoms, and reduced quality of life. Thus, developing non-invasive diagnostic

strategies has become a major research priority.

Aim. To evaluate recent non-invasive diagnostic modalities for endometriosis and analyze their

impact on women’s health and quality of life.

Material and methods. A narrative review of English-language literature (2015-2025) was
conducted using PubMed, Scopus, and Google Scholar. The focus included advanced imaging,

biomarkers, genetic/molecular profiles, and artificial intelligence (AI) diagnostic tools.

Results. Advances in transvaginal ultrasound and MRI have substantially improved the detection
of deep infiltrating endometriosis and ovarian endometriomas. While molecular biomarkers,

genetic panels, and Al show immense potential, they currently lack the precision for independent
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diagnosis. Clinical evidence suggests that multimodal diagnostic protocols yield the highest

accuracy.

Conclusions. Transitioning to non-invasive pathways can minimize diagnostic delays, reduce
surgical interventions, and significantly improve quality of life. An integrated model combining
various non-invasive techniques is the most effective paradigm for early endometriosis

management.
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1. INTRODUCTION

Endometriosis is a chronic gynecological condition characterized by the presence of endometrial-
like tissue outside the uterine cavity. It affects approximately 10-15% of women of reproductive
age and represents a significant clinical and public health challenge [1,2]. The disease is commonly
associated with chronic pelvic pain, dysmenorrhea, dyspareunia, infertility, and a wide range of
gastrointestinal and urinary symptoms, all of which substantially impair daily functioning and

overall quality of life [3-5].

Despite its high prevalence, endometriosis remains underdiagnosed and frequently diagnosed with
a considerable delay, often ranging from six to ten years after the onset of symptoms [6,7]. One of
the main reasons for this delay is the lack of reliable, widely accessible, and non-invasive diagnostic
tools [6]. Currently, laparoscopy with histological confirmation is considered the diagnostic gold
standard; however, this approach is invasive, costly, and not suitable as a first-line diagnostic
method [8]. As a result, many women experience prolonged periods of untreated symptoms,

repeated medical consultations, and reduced psychosocial well-being [5,9].



In recent years, increasing attention has been directed toward the development of non-invasive
diagnostic methods for endometriosis. Advances in imaging techniques, such as transvaginal
ultrasound and magnetic resonance imaging, have improved the detection of specific forms of the
disease, particularly ovarian endometriomas and deep infiltrating endometriosis [10,11].
Simultaneously, extensive research has focused on identifying serum, molecular, and genetic
biomarkers that could facilitate earlier diagnosis without the need for surgical intervention [12,13].
Emerging technologies, including artificial intelligence—based image analysis and digital
diagnostic tools, have further expanded the potential for non-invasive and patient-centered

diagnostic strategies [3].

Early and accurate diagnosis of endometriosis is crucial not only for effective symptom
management but also for preserving fertility, reducing the risk of disease progression, and
improving long-term health outcomes [2,3]. Importantly, reducing diagnostic delay through non-
invasive approaches may have a significant positive impact on women’s mental health, social
functioning, and overall quality of life [5,9]. From a broader perspective, improved diagnostic
pathways may also contribute to more efficient healthcare utilization and better allocation of

medical resources.

Research objective

The objective of this review is to analyze recent advances in non-invasive diagnostic methods for

endometriosis and to assess their significance for women’s health and quality of life.

2. MATERIALS AND METHODS

2.1. Data Sources

A narrative literature review was conducted using the following electronic databases: PubMed,
Scopus, and Google Scholar. These databases were selected to ensure comprehensive coverage of
medical, biomedical, and interdisciplinary literature related to endometriosis and non-invasive

diagnostic approaches.



2.2. Search Strategy

The literature search was performed using a combination of Medical Subject Headings (MeSH)
terms and free-text keywords. The main search terms included: endometriosis, non-invasive
diagnosis, diagnostic methods, biomarkers, imaging techniques, ultrasound, magnetic resonance
imaging, artificial intelligence, and quality of life. Boolean operators (AND, OR) were applied to
refine the search strategy. The search was limited to articles published between 2015 and 2025 and

written in the English language. Older studies were included if considered seminal.

2.3. Eligibility Criteria

Inclusion criteria comprised original research articles, systematic reviews, and narrative reviews
addressing non-invasive diagnostic methods for endometriosis, with a focus on diagnostic
accuracy, clinical applicability, or impact on women’s health and quality of life. Full-text articles
published in English were included. Exclusion criteria included case reports, conference abstracts,
animal or in vitro studies, studies focused exclusively on invasive diagnostic techniques, and

articles published before 2015 unless considered seminal.

2.4. Study Selection and Data Extraction

The titles and abstracts of identified articles were screened for relevance to the study objective.
Full-text articles were subsequently assessed for eligibility. Data were extracted and qualitatively
synthesized with particular attention to the type of diagnostic method, reported diagnostic

performance, clinical relevance, and potential impact on women’s health and quality of life.

2.5. Data Analysis

Given the heterogeneity of study designs, diagnostic methods, and outcome measures, a narrative
synthesis approach was applied. The included studies were grouped thematically according to the
type of non-invasive diagnostic method, and their findings were summarized and compared

descriptively.



3. RESULTS

3.1. Imaging Techniques in Non-Invasive Diagnosis of Endometriosis

Imaging techniques play a central role in the non-invasive diagnosis of endometriosis and are often
the first diagnostic step in clinical practice. Advances in imaging have significantly improved the
ability to detect specific manifestations of the disease, particularly ovarian endometriomas and
deep infiltrating endometriosis (DIE) [9,11,12]. Among the available modalities, transvaginal
ultrasound and magnetic resonance imaging are the most widely used and extensively studied

[11,12,14].

Transvaginal Ultrasound

Transvaginal ultrasound (TVUS) is currently the most accessible and commonly employed
imaging method for the evaluation of suspected endometriosis. It is widely available, relatively
inexpensive, and well tolerated by patients. TVUS is particularly effective in detecting ovarian
endometriomas, which typically present as cystic lesions with homogeneous, low-level internal
echoes, often described as a ‘“ground-glass” appearance [11,15]. Numerous studies have
demonstrated high sensitivity and specificity of TVUS for the diagnosis of ovarian endometriomas

[15,16].

In recent years, the diagnostic utility of TVUS has expanded beyond ovarian involvement. The
development of advanced ultrasound techniques and standardized examination protocols has
improved the detection of deep infiltrating endometriosis affecting structures such as the
uterosacral ligaments, rectovaginal septum, and bowel [11,16]. Targeted ultrasound mapping,
combined with a detailed assessment of pelvic anatomy and tenderness-guided examination, has
enhanced the ability to identify lesions previously considered difficult to visualize using

conventional ultrasound [16,17].

Despite these advances, the diagnostic accuracy of TVUS remains highly operator-dependent.
Adequate training and experience are essential to achieve reliable results, and the sensitivity of the

method may be limited in cases of superficial peritoneal endometriosis [14,18]. Nevertheless,



TVUS is increasingly recognized as a valuable first-line, non-invasive diagnostic tool in the

assessment of women with suspected endometriosis [9,14].

Magnetic Resonance Imaging

Magnetic resonance imaging (MRI) is considered a complementary imaging modality, particularly
useful in cases where ultrasound findings are inconclusive or when extensive disease is suspected
[12,14]. MRI offers excellent soft tissue contrast and allows for comprehensive evaluation of pelvic
anatomy without exposure to ionizing radiation. It is especially effective in the assessment of deep
infiltrating endometriosis, including lesions involving the bowel, bladder, and posterior

compartment [12,19].

MRI is also valuable in preoperative planning, as it provides detailed information on lesion size,
location, and extent of infiltration. This information may guide surgical decision-making and help
reduce intraoperative complications [19]. However, the higher cost, limited availability, and longer
examination time compared to ultrasound restrict the routine use of MRI as a primary diagnostic

tool [14].

Limitations and Clinical Relevance

While imaging techniques have significantly improved the non-invasive diagnosis of
endometriosis, they are not without limitations. Neither TVUS nor MRI reliably detect superficial
peritoneal lesions, which remain a diagnostic challenge [14,18]. Consequently, a negative imaging
result does not exclude the presence of endometriosis, particularly in women with persistent

symptoms [7-9].

Nevertheless, imaging modalities play a crucial role in reducing diagnostic delay, guiding clinical
management, and minimizing the need for diagnostic laparoscopy [9,14]. Their non-invasive nature
contributes to improved patient comfort and may positively influence women’s psychological well-
being and quality of life by providing earlier diagnostic clarification and facilitating timely

therapeutic interventions [4,5].



3.2. Serum and Tissue Biomarkers in the Non-Invasive Diagnosis of Endometriosis

The identification of reliable biomarkers for endometriosis has been a major focus of research,
driven by the need for non-invasive, accessible, and cost-effective diagnostic alternatives to
surgical procedures [9,13]. Biomarkers have the potential to facilitate earlier diagnosis, monitor
disease progression, and assess treatment response. However, despite extensive investigation, no
single biomarker has yet demonstrated sufficient accuracy to be implemented as a standalone

diagnostic test [13,14].

CA-125 and Traditional Biomarkers

Cancer antigen 125 (CA-125) is the most extensively studied serum biomarker in endometriosis.
Elevated CA-125 levels have been observed particularly in advanced stages of the disease and in
the presence of ovarian endometriomas [9,13]. While CA-125 may be useful as an adjunct marker,
especially for monitoring disease activity or treatment response, its diagnostic value is limited by
low sensitivity in early-stage endometriosis and low specificity, as elevated levels can also be

observed in other gynecological and inflammatory conditions [13,14].

Other traditional inflammatory markers, including C-reactive protein, interleukins, and tumor
necrosis factor-alpha, have been evaluated as potential biomarkers. Although these markers reflect
the inflammatory nature of endometriosis, their lack of disease specificity has restricted their

clinical applicability in routine diagnostics [13].

Emerging Molecular Biomarkers

Recent advances in molecular biology have led to growing interest in circulating microRNAs
(miRNAs) as potential non-invasive biomarkers for endometriosis. miRNAs are small, non-coding
RNA molecules involved in post-transcriptional gene regulation and have been shown to exhibit
disease-specific expression profiles [3,20,21]. Several studies have reported altered miRNA
patterns in the blood of women with endometriosis, suggesting their potential role in early
diagnosis[20,21]. However, heterogeneity in study design and analytical methods has limited the

reproducibility of these findings [20,21].



Proteomic and metabolomic approaches have also been explored to identify panels of biomarkers
associated with endometriosis. These high-throughput techniques allow for the simultaneous
analysis of multiple proteins or metabolites, potentially increasing diagnostic accuracy. While
promising, these methods remain largely experimental and require further validation before clinical

implementation [22,23].

Tissue and Menstrual Fluid Biomarkers

In addition to serum-based markers, research has increasingly focused on biomarkers derived from
endometrial tissue and menstrual fluid [3,18,24]. Menstrual effluent represents a readily accessible
biological sample that may reflect local pathological processes associated with endometriosis
[3,18]. Studies have identified differences in immune cell composition, inflammatory mediators,
and molecular signatures in menstrual fluid from affected women [18,24]. Although these findings
offer a novel and minimally invasive diagnostic avenue, standardized collection methods and large-

scale validation studies are still lacking [24].

Clinical Implications and Limitations

Despite significant progress, the clinical use of biomarkers for the non-invasive diagnosis of
endometriosis remains limited [13,24]. Most biomarkers demonstrate moderate sensitivity and
specificity, and their performance varies depending on disease stage and phenotype [13,24].
Consequently, current evidence supports the use of biomarkers as part of a multimodal diagnostic

approach rather than as independent diagnostic tools [9,13].

Nevertheless, continued research into biomarker discovery holds substantial promise. The
development of reliable biomarker panels could significantly reduce diagnostic delay, decrease
reliance on invasive procedures, and improve patient-centered care [7,9]. Earlier diagnosis through
non-invasive biomarkers may ultimately contribute to better symptom control, improved fertility

outcomes, and enhanced quality of life for women with endometriosis [4,5,10].

3.3. Molecular and Genetic Diagnostic Approaches in Endometriosis

Advances in molecular and genetic research have provided new insights into the pathogenesis of

endometriosis and opened novel avenues for non-invasive diagnostic strategies [2,3,18]. These



approaches aim to detect disease-associated molecular alterations in easily accessible biological

samples, thereby reducing the need for invasive diagnostic procedures [2,9].

Circulating DNA and RNA-Based Markers

One of the most promising areas of research involves the analysis of circulating nucleic acids,
including cell-free DNA (cfDNA) and RNA, in peripheral blood [25,26]. Altered gene expression
profiles and the presence of disease-specific RNA signatures have been reported in women with
endometriosis [25,27]. These circulating molecules may reflect pathological processes such as
inflammation, aberrant immune responses, and abnormal tissue remodeling associated with the

disease [3,18].

Similarly, circulating long non-coding RNAs and messenger RNAs have been investigated as
potential diagnostic markers [27]. Although several candidate molecules have demonstrated
diagnostic potential, variability in detection methods and limited sample sizes have hindered their

translation into clinical practice [24,27].

Epigenetic Alterations

Epigenetic modifications, including DNA methylation and histone modifications, play a significant
role in the regulation of gene expression and have been implicated in the development and
progression of endometriosis [28,29]. Aberrant methylation patterns in genes related to hormonal
regulation, immune function, and cell proliferation have been identified in affected women [26,28].
The detection of epigenetic markers in peripheral blood or endometrial samples represents a

promising non-invasive diagnostic strategy [26,29].

However, epigenetic profiles may be influenced by environmental factors, hormonal status, and
disease heterogeneity, which complicates their use as universal diagnostic markers [28,29]. Further
research is needed to establish standardized epigenetic signatures with sufficient diagnostic

accuracy [29,30].

Genetic Susceptibility and Risk Stratification



Genetic studies have identified multiple susceptibility loci associated with an increased risk of
endometriosis [31]. Genome-wide association studies have revealed genetic variants linked to
hormonal signaling pathways, inflammation, and immune regulation. While genetic testing alone
is not suitable for diagnosing active disease, it may contribute to risk stratification and early

identification of women at higher risk of developing endometriosis [2,31].

The integration of genetic information with clinical, imaging, and biomarker data may enhance

diagnostic precision and support personalized diagnostic and therapeutic approaches [2,9].

Clinical Potential and Challenges

Molecular and genetic diagnostic approaches offer significant potential for improving the non-
invasive diagnosis of endometriosis [2,18]. However, most of these methods remain in the research
phase, and their clinical application is limited by methodological heterogeneity, high costs, and the

need for advanced laboratory infrastructure [24,28].

At present, molecular and genetic markers are best considered as complementary tools within a
multimodal diagnostic framework [9,18]. Continued advances in technology and large-scale
validation studies are essential to translate these promising approaches into routine clinical practice
and to further reduce diagnostic delay and its negative impact on women’s health and quality of

life [7,9,24].

3.4. Artificial Intelligence and Digital Diagnostic Tools in Endometriosis Diagnosis

The rapid development of artificial intelligence (Al) and digital health technologies has introduced
new possibilities for improving the non-invasive diagnosis of endometriosis [32,33]. These tools
aim to enhance diagnostic accuracy, support clinical decision-making, and reduce diagnostic delay
by integrating complex datasets derived from imaging, clinical symptoms, and biomarker profiles

[32,34].

Al-Assisted Imaging Analysis

Artificial intelligence, particularly machine learning and deep learning algorithms, has been

increasingly applied to the analysis of medical imaging data [34,35]. In the context of



endometriosis, Al-based systems have demonstrated potential in improving the interpretation of
transvaginal ultrasound and magnetic resonance imaging by identifying subtle patterns that may be
overlooked during conventional image assessment [32,35]. Automated image segmentation and
lesion detection algorithms may enhance the detection of deep infiltrating endometriosis and

improve interobserver consistency [34,35].

Although preliminary results are promising, most Al-based imaging tools are still under
development and have been evaluated primarily in retrospective studies [32,33]. Prospective
validation and integration into routine clinical workflows are necessary before widespread

implementation can be achieved [33,34].

Symptom-Based Algorithms and Predictive Models

Beyond imaging, Al-driven predictive models have been developed to analyze patient-reported
symptoms, medical history, and clinical variables [32,33]. These digital tools aim to identify
symptom patterns associated with endometriosis and estimate disease probability, thereby
supporting earlier referral and diagnostic evaluation [32]. Such approaches are particularly valuable
in primary care settings, where awareness of endometriosis may be limited and access to

specialized diagnostic procedures is restricted [7,8,33].

Mobile health applications and digital questionnaires have also been explored as tools for symptom
tracking and patient engagement. By facilitating systematic symptom monitoring, these platforms
may contribute to earlier recognition of disease patterns and improved communication between

patients and healthcare providers [36].

Integration of Multimodal Data

One of the key advantages of Al-based diagnostic tools lies in their ability to integrate multimodal
data, including imaging findings, biomarker results, genetic information, and patient-reported
outcomes [32,34]. Multimodal models may provide a more comprehensive assessment of disease
likelihood than any single diagnostic modality alone [34]. This integrative approach aligns with
the emerging concept of personalized medicine and may help overcome the limitations of

individual non-invasive diagnostic methods [2,9].



Challenges and Ethical Considerations

Despite their potential, Al and digital diagnostic tools face several challenges. These include data
quality and availability, algorithm transparency, potential bias, and issues related to data privacy
and ethical use [32,33,36]. Additionally, the implementation of Al-based systems requires

appropriate regulatory frameworks, clinician training, and patient acceptance.

Clinical Relevance

Al-assisted diagnostic tools have the potential to significantly improve the non-invasive diagnosis
of endometriosis by reducing diagnostic delay, supporting clinical decision-making, and enhancing
patient-centered care [32,33]. When used as adjuncts to imaging and biomarker assessment, these
technologies may contribute to more efficient diagnostic pathways and ultimately improve

women’s health outcomes and quality of life [4,5,9,10].

4. IMPACT ON WOMEN’S HEALTH AND QUALITY OF LIFE

Endometriosis has a profound and multifaceted impact on women’s health and quality of life,
extending far beyond physical symptoms [3,10,42]. Chronic pelvic pain, fatigue, menstrual
irregularities, and infertility significantly affect daily functioning, emotional well-being, and social
participation [1,3,10]. The prolonged diagnostic delay commonly associated with endometriosis
further exacerbates these challenges, often leading to frustration, psychological distress, and

reduced trust in healthcare systems [7,8,41].

Reduction of Diagnostic Delay and Disease Burden

The introduction and refinement of non-invasive diagnostic methods have the potential to
substantially reduce the time to diagnosis [9,24]. Earlier identification of endometriosis allows for
timely initiation of appropriate treatment strategies, which may alleviate symptoms, slow disease
progression, and prevent complications [2,9,18]. Reducing diagnostic delay is particularly
important for minimizing the cumulative burden of pain and improving long-term health outcomes

[7.8].



Impact on Reproductive Health and Fertility

Early diagnosis plays a critical role in preserving reproductive potential [2,43]. Non-invasive
diagnostic approaches facilitate earlier referral to fertility-preserving interventions and
individualized reproductive counseling [9,43]. By identifying endometriosis at earlier stages,
clinicians may better tailor treatment strategies to balance symptom control with fertility goals,

thereby improving reproductive outcomes and patient satisfaction [2,43].

Psychological and Social Well-Being

Endometriosis is frequently associated with anxiety, depression, and reduced self-esteem, largely
due to chronic pain, uncertainty, and delayed diagnosis [4,37,41]. Non-invasive diagnostic methods
may contribute to improved psychological well-being by providing earlier diagnostic clarification
and validation of symptoms [4,10]. Receiving a timely diagnosis can reduce feelings of uncertainty

and stigma, enabling women to better understand and manage their conditio [37,42].

In addition, improved diagnostic pathways may enhance social and occupational functioning [5,6].
Reduced symptom severity and improved disease management can lead to fewer work absences,
improved productivity, and greater participation in social activities, thereby positively influencing
overall quality of life [5,39,40]. Furthermore, the reduction of pain and chronic symptoms achieved
through early non-invasive diagnosis has a direct, positive impact on women’s capacity to engage
in regular physical activity and sports [3,9]. Chronic pelvic pain, dysmenorrhea, and debilitating
fatigue frequently force patients to abandon exercise, leading to physical deconditioning and a
profound decline in their sports-related quality of life [4,10,42]. By facilitating timely and tailored
therapeutic interventions, non-invasive diagnostic pathways empower women to maintain or safely
resume physical recreation and athletic pursuits [39]. This active engagement not only restores
physical well-being but also serves as a vital non-pharmacological strategy for stress reduction and
mental health preservation, directly optimizing the physical dimensions of quality of life

[37,40,41].

Patient-Centered Care and Healthcare System Implications



Non-invasive diagnostic strategies align with the principles of patient-centered care by minimizing
physical discomfort and reducing the risks associated with invasive procedures [9,38]. Improved
diagnostic efficiency may also decrease healthcare costs by limiting unnecessary surgical
interventions and repeated consultations [5,7]. From a public health perspective, the widespread
adoption of non-invasive diagnostic approaches may contribute to more equitable access to care

and improved health outcomes for women affected by endometriosis [2,42].

Overall Quality of Life

Collectively, advances in non-invasive diagnostic methods have the potential to transform the
diagnostic landscape of endometriosis [2,9]. By enabling earlier diagnosis, reducing invasiveness,
and supporting individualized care, these approaches may significantly enhance physical,
psychological, and social dimensions of quality of life [4,10,41]. Continued research and
implementation of these strategies are essential to fully realize their benefits and to address the

unmet needs of women living with endometriosis [9,42].

5. DISCUSSION

This review highlights the substantial progress made in the development of non-invasive diagnostic
methods for endometriosis and underscores their growing importance in clinical practice [2,3,9].
Advances in imaging techniques, biomarker research, molecular and genetic approaches, and
artificial intelligence—based tools have collectively expanded the diagnostic possibilities beyond
traditional invasive procedures [3,9,12,32]. Nevertheless, despite these advancements, the non-

invasive diagnosis of endometriosis remains a complex and evolving challenge [3,9,13].

One of the key findings of this review is that no single non-invasive diagnostic method currently
provides sufficient accuracy to replace laparoscopy as the definitive diagnostic standard [9,13,14].
Imaging modalities such as transvaginal ultrasound and magnetic resonance imaging have
demonstrated high diagnostic value for specific disease phenotypes, particularly ovarian

endometriomas and deep infiltrating endometriosis [11,12,14]. However, their limited ability to



detect superficial peritoneal lesions underscores the need for complementary diagnostic strategies

[12,14,18].

Similarly, biomarker-based approaches, including serum, molecular, and genetic markers, have
shown promising results but remain constrained by moderate sensitivity, limited specificity, and
methodological heterogeneity [13,21,24]. The variability in biomarker expression across disease
stages and phenotypes further complicates their clinical application. These findings support the
growing consensus that biomarkers are most effective when used as part of a multimodal diagnostic

framework rather than as standalone tools [9,13,24].

The integration of artificial intelligence and digital diagnostic tools represents a particularly
promising direction for future research. Al-assisted imaging analysis and predictive symptom-
based models may enhance diagnostic accuracy, reduce interobserver variability, and support
earlier referral and diagnosis [32,34,35]. Importantly, the ability of Al systems to integrate
multimodal data aligns with the principles of personalized medicine and may help overcome the

limitations inherent to individual diagnostic modalities [2,9,34].

From a clinical perspective, the implementation of non-invasive diagnostic approaches has
significant implications for women’s health and quality of life [4,10,42]. Earlier diagnosis
facilitated by non-invasive methods may reduce diagnostic delay, improve symptom management,
and support fertility preservation [2,7,43]. Moreover, minimizing reliance on invasive diagnostic
procedures may enhance patient comfort, reduce psychological distress, and promote patient-

centered care [4,9,41].

Despite these advances, several limitations must be acknowledged. Many of the studies included
in this review were heterogeneous in design, sample size, and outcome measures, which limits the
generalizability of their findings [13,24,32]. Additionally, the majority of emerging diagnostic
tools require further validation in large, prospective clinical studies before they can be routinely
implemented in practice [21,24,33]. Ethical considerations, data quality, and accessibility issues

must also be addressed, particularly in relation to Al-based diagnostic systems [32,33,36].

Future research should focus on the development and validation of integrated diagnostic models

that combine imaging, biomarker, molecular, and digital data [9,32,35]. Such approaches may offer



the most effective means of achieving accurate, non-invasive diagnosis while addressing the
diverse clinical presentations of endometriosis [2,3,18]. Continued interdisciplinary collaboration
and patient-centered research will be essential to translating these advances into tangible

improvements in clinical care and quality of life for women affected by endometriosis [4,9,42].

6. CONCLUSIONS

Advances in non-invasive diagnostic methods have significantly expanded the possibilities for
earlier and more patient-centered diagnosis of endometriosis. Imaging techniques, biomarker-
based approaches, molecular and genetic tools, and artificial intelligence—assisted diagnostics each
contribute valuable information, although none currently offers sufficient accuracy as a standalone

diagnostic method.

The integration of multiple non-invasive approaches appears to be the most promising strategy for
reducing diagnostic delay, minimizing the need for invasive procedures, and improving clinical
decision-making. Earlier diagnosis facilitated by these methods may lead to better symptom
management, preservation of fertility, and meaningful improvements in women’s health and
quality of life. Continued research and validation of integrated diagnostic models are essential to

further enhance non-invasive diagnostic pathways in endometriosis.

Disclosures

Author’s contribution:

Conceptualization: Agata Sochocka

Methodology: Dominika Janik, Oliwia Zuzanna Ganska

Software: Martyna Szepietowska

Validation: Julia Parda



Formal analysis: Martyna Szepietowska, Alicja Sikorska

Investigation: Jakub Bundyra

Resources: Emil Mian

Data curation: Zuzanna Zapart

Writing — original draft: Agata Sochocka, Dominika Janik, Nina Nowicka, Martyna Szepietowska,

Oliwia Zuzanna Ganska

Writing — review & editing: Oliwia Zuzanna Ganska, Alicja Sikorska, Julia Parda

Visualization: Alicja Sikorska

Supervision: Oliwia Zuzanna Ganska, Dominika Janik

Project administration: Agata Sochocka

All authors have reviewed the final text and approved the published version.

Receiving funding: none.

Bioethics committee statement: Not applicable.

Informed consent statement: Not applicable.

Data availability statement: Not applicable.

Conflict of interest: The authors declare no conflict of interest.



10.

11.

References

Giudice LC. Clinical practice. Endometriosis. N Engl J Med. 2010;362(25).
doi:10.1056/NEJMcp1000274

Taylor HS, Kotlyar AM, Flores VA. Endometriosis is a chronic systemic disease: clinical
challenges and novel innovations. The Lancet. 2021;397(10276). doi:10.1016/S0140-
6736(21)00389-5

Zondervan KT, Becker CM, Koga K, Missmer SA, Taylor RN, Vigano P. Endometriosis. Nat Rev
Dis Primers. Nature Publishing Group. 2018;4(1). doi:10.1038/s41572-018-0008-5

Facchin F, Barbara G, Saita E, et al. Impact of endometriosis on quality of life and mental health:
Pelvic pain makes the difference. Journal of Psychosomatic Obstetrics and Gynecology.
2015;36(4). doi:10.3109/0167482X.2015.1074173

Armour M, Lawson K, Wood A, Smith CA, Abbott J. The cost of illness and economic burden of
endometriosis and chronic pelvic pain in Australia: A national online survey. PLoS One.
2019;14(10). doi:10.1371/journal.pone.0223316

Culley L, Law C, Hudson N, Mitchell H, Denny E, Raine-Fenning N. A qualitative study of the
impact of endometriosis on male partners. Human Reproduction. 2017;32(8).
doi:10.1093/humrep/dex221

Soliman AM, Fuldeore M, Snabes MC. Factors Associated with Time to Endometriosis Diagnosis
in the United States. J Womens Health. 2017;26(7). doi:10.1089/jwh.2016.6003

Ghai V, Jan H, Shakir F, Haines P, Kent A. Diagnostic delay for superficial and deep endometriosis
in the United Kingdom. J Obstet Gynaecol (Lahore). 2020;40(1).
doi:10.1080/01443615.2019.1603217

Becker CM, Bokor A, Heikinheimo O, et al. ESHRE guideline: endometriosis. Hum Reprod Open.
2022;2022(2). doi:10.1093/hropen/hoac009

Jia SZ, Leng JH, Shi JH, Sun PR, Lang JH. Health-related quality of life in women with
endometriosis: A systematic review. J Ovarian Res. 2012;5(1). doi:10.1186/1757-2215-5-29
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(3). doi:10.1002/uog.15955



12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Bazot M, Darai E. Diagnosis of deep endometriosis: clinical examination, ultrasonography,
magnetic resonance imaging, and other techniques. Fertil Steril. 2017;108(6).
doi:10.1016/j.fertnstert.2017.10.026

Nisenblat V, Bossuyt PMM, Shaikh R, et al. Blood biomarkers for the non-invasive diagnosis of
endometriosis. Cochrane Database of  Systematic Reviews. 2016;2016(5).
doi:10.1002/14651858.CD012179

Nisenblat V, Bossuyt PMM, Farquhar C, Johnson N, Hull ML. Imaging modalities for the non-
invasive diagnosis of endometriosis. Cochrane Database of Systematic Reviews. 2016;2016(2).
doi:10.1002/14651858.CD009591.pub2

Hudelist G, English J, Thomas AE, Tinelli A, Singer CF, Keckstein J. Diagnostic accuracy of
transvaginal ultrasound for non-invasive diagnosis of bowel endometriosis: Systematic review and
meta-analysis. Ultrasound in Obstetrics and Gynecology. 2011;37(3). doi:10.1002/uog.8858

Reid S, Lu C, Hardy N, et al. Office gel sonovaginography for the prediction of posterior deep
infiltrating endometriosis: A multicenter prospective observational study. Ultrasound in Obstetrics
and Gynecology. 2014;44(6). doi:10.1002/uog.13422

Hudelist G, Tuttlies F, Rauter G, Pucher S, Keckstein J. Can transvaginal sonography predict
infiltration depth in patients with deep infiltrating endometriosis of the rectum? Human
Reproduction. 2009;24(5). doi:10.1093/humrep/dep014

Chapron C, Marcellin L, Borghese B, Santulli P. Rethinking mechanisms, diagnosis and
management of endometriosis. Nat Rev Endocrinol. 2019;15(11). doi:10.1038/s41574-019-0245-
z

Saba L, Sulcis R, Melis GB, et al. Endometriosis: The role of magnetic resonance imaging. Acta
radiol. 2015;56(3). doi:10.1177/0284185114526086

Vanhie A, Dorien O, Peterse D, et al. Plasma miRNAs as biomarkers for endometriosis. Human
Reproduction. 2019;34(9). doi:10.1093/humrep/dez116

Vanhie A, Caron E, Vermeersch E, et al. Circulating microRNAs as Non-Invasive Biomarkers in
Endometriosis Diagnosis—A Systematic Review. Biomedicines. 2024;12(4).
doi:10.3390/biomedicines12040888

Marianowski P, Szymusik I, Barcz E, Wielgo$ M, Hibner M. Proteomics in endometriosis. Polish

Gynaecology. 2013;84(10). doi:10.17772/gp/1655



23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

Pandey S. Metabolomics for the identification of biomarkers in endometriosis. Arch Gynecol
Obstet. 2024;310(6). doi:10.1007/s00404-024-07796-5

Dolinska W, Draper H, Othman L, et al. Accuracy and utility of blood and urine biomarkers for
the noninvasive diagnosis of endometriosis: a systematic literature review and meta-analysis. F'
and S Reviews. 2023;4(2). doi:10.1016/j.xfnr.2022.12.001

Alonso A, Yuwono NL, Houshdaran S, et al. Comparison of total and endometrial circulating cell-
free DNA in women with and without endometriosis. Reprod Biomed Online. 2022;44(3).
doi:10.1016/j.rbmo.2021.11.006

Benkhalifa M, Menoud PA, Piquemal D, et al. Quantification of Free Circulating DNA and
Differential Methylation Profiling of Selected Genes as Novel Non-Invasive Biomarkers for
Endometriosis Diagnosis. Biomolecules. 2025;15(1). doi:10.3390/biom 15010069

Shan S, Yang Y, Jiang J, et al. Extracellular vesicle-derived long non-coding RNA as circulating
biomarkers for endometriosis. Reprod Biomed Online. 2022;44(5).
doi:10.1016/j.rbmo.2021.11.019

Marquardt RM, Tran DN, Lessey BA, Rahman MS, Jeong JW. Epigenetic Dysregulation in
Endometriosis: Implications for Pathophysiology and Therapeutics. Endocr Rev. 2023;44(6).
doi:10.1210/endrev/bnad020

Ducreux B, Patrat C, Firmin J, et al. Systematic review on the DNA methylation role in
endometriosis: current evidence and perspectives. Clin  Epigenetics. 2025;17(1).
doi:10.1186/s13148-025-01828-w

Yang H, Gao D, Yu X, Wang C, Li X. Construction and validation of a histone-related gene
signature for the diagnosis of endometriosis. Ginekol Pol. 2025;96(1). doi1:10.5603/gpl.96199
Zondervan KT, Rahmioglu N, Morris AP, et al. Beyond Endometriosis Genome-Wide Association
Study: From Genomics to Phenomics to the Patient. Semin Reprod Med.2016;34(4). doi:10.1055/s-
0036-1585408

Sivajohan B, Elgendi M, Menon C, Allaire C, Yong P, Bedaiwy MA. Clinical use of artificial
intelligence in endometriosis: a scoping review. NP.J Digit Med. 2022;5(1). doi:10.1038/s41746-
022-00638-1

Dungate B, Tucker DR, Goodwin E, Yong PJ. Assessing the Utility of artificial intelligence in
endometriosis: Promises and pitfalls. Women’s Health. 2024;20. doi:10.1177/17455057241248121



34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

Wang H, Butler D, Zhang Y, et al. Human-AI collaborative multi-modal multi-rater learning for
endometriosis diagnosis. Phys Med Biol. 2025;70(1). doi:10.1088/1361-6560/ad997¢

Mittal S, Tong A, Young S, Jha P. Artificial intelligence applications in endometriosis imaging.
Abdominal Radiology. 2025;50(10). doi:10.1007/s00261-025-04897-w

Oliveira JA, Eskandar K, Kar E, de Oliveira FR, Filho AL da S. Understanding AI’s Role in
Endometriosis Patient Education and Evaluating Its Information and Accuracy: Systematic
Review. JMIR Al. 2024;3. doi:10.2196/64593

Wozniak J, Kadlubek S, Maka M, et al. The Impact of Endometriosis on Mental Health - A
Literature Review of Depression and Anxiety Symptoms. Journal of Education, Health and Sport.
2025;77:56867. doi:10.12775/jehs.2025.77.56867

Chrzanowski J, Ostaszewska S, Augustynowicz K, Szymanska E, Swiader K. The Endometriosis
- treatment and new methods. Journal of Education, Health and Sport. 2023;13(4):83-86.
doi:10.12775/jehs.2023.13.04.008

Domino W, Sniezna J, Florczak W, Dzwonnik K, Zelik U, Wiodyka J, Trestka G, Przygoda M,
Dziewic J, Stepien K, Adamczyk S. Innovative Diagnostic Approaches and Treatment Strategies
for Endometriosis: Current Trends and Future Direction Review. Quality in Sport. 2025;37:57149.
doi:10.12775/QS.2025.37.57149

Wilk B, Stachura P, Witkowska E, Ciechanski M, Cholewinski S, Wilk K, Rejman P, Jurkiewicz
K, Kasprzyk A, Pszczota K. Endometriosis as a cause of chronic pain and deterioration of women's
quality of life - etiology, symptoms and treatment method. Quality in Sport. 2025;42:60549.
doi:10.12775/QS.2025.42.60549

Szyptowska M, Tarkowski R, Kutak K. The impact of endometriosis on depressive and anxiety
symptoms and quality of life: a systematic review. Front Public Health. 2023;11.
doi:10.3389/fpubh.2023.1230303

Maulenkul T, Kuandyk A, Makhadiyeva D, et al. Understanding the impact of endometriosis on
women’s life: an integrative review of systematic reviews. BMC Womens Health. 2024;24(1).
doi:10.1186/512905-024-03369-5

Khan Z. Fertility-related considerations in endometriosis. Abdominal Radiology. 2020;45(6).
doi:10.1007/s00261-019-02307-6



