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Lay Abstract 
 

Endometriosis is a common gynecological disease involving the abnormal growth of uterine-like 

cells outside the uterus, causing significant negative impacts on quality of life and diagnostic 

delays. Deep endometriosis (DE) is the most aggressive form, infiltrating surrounding tissues and 

leading to complex disease states. The uterosacral ligaments (USLs; connective structures 

between the lower spine and uterus) are the most common site for DE, but diagnosing them non-

invasively remains challenging, aiding the diagnostic delay. Following updated classification 

guidelines, the overarching aim of this thesis is to enhance our understanding of transvaginal 

ultrasound (TVS) as a safe and rapid diagnostic for DE of the USLs and TU. In doing so, this 

thesis aims to assess the accuracy of a new TVS technique for DE of the USLs and determine 

how other related health conditions might affect the accuracy of this diagnostic approach. The 

findings from this study indicate that using TVS could greatly assist in diagnosing DE in the 

USLs, potentially leading to more personalized treatment approaches by healthcare providers and 

better outcomes for individuals with endometriosis. In summary, this research contributes 

significantly to our understanding and management of this complex condition. 
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Abstract 
 

Endometriosis is a heterogeneous chronic pain and inflammatory disease associated with 

negative impacts on quality of life. Among the phenotypes of endometriosis, deep endometriosis 

(DE) is the most aggressive form of the disease, associated with complex disease states, such as 

adhesions within the pouch of Douglas (POD) and bowel DE. The most common site of DE is 

the uterosacral ligaments (USLs), which are bilateral structures between the uterus and sacrum 

conjoined by the torus uterinus (TU), with a prevalence of 20 to 70%. The USLs have 

historically been the hardest to visualize using non-invasive modalities, such as transvaginal 

ultrasound (TVS), resulting in poor identification of endometriosis when present on/within the 

USLs, contributing to the significant diagnostic delay associated with the disease. 

 

This thesis details a novel diagnostic approach, utilizing TVS within the posterior vaginal fornix 

as the index test and laparoscopic visualization as the reference standard, aiming to evaluate the 

diagnostic accuracy of TVS for DE of the USLs and TU. Additionally, the USLs and TU are 

commonly associated with complex disease presentations, including POD obliteration and bowel 

DE, though the impact on diagnostic accuracy remains unknown. We theorize that these 

concurrent complex disease states will lead to the distortion of the anatomical environment and, 

in turn, negatively alter the diagnostic performance of the novel posterior approach. This thesis 

further aimed to determine the impact of concurrent complex disease states on diagnostic 

performance.  
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We found enhanced diagnostic accuracy in the detection of endometriosis in the left USL, right 

USL, and TU compared to previous studies, with our sensitivity ranging from 75.0-100%, 

specificity of 100%, positive predictive values of 100%, and negative predictive value ranging 

from 88.6-100%. Furthermore, contrary to our hypothesis, diagnostic performance appeared 

unaffected by the presence of complex disease states. The ability to diagnose USL DE non-

invasively can have profound implications for introducing personalized treatment plans in a 

timely manner, which should improve patient outcomes. With this enhanced diagnostic 

performance, fewer people will require a surgical diagnosis, which reduces the burden on the 

health system and decreases surgical complications associated with diagnostic surgery. 

  



M.Sc. Thesis – S.M. Freger; McMaster University – Medical Sciences vi 
 

Acknowledgments  
 

I am profoundly grateful to my supervisor, Dr. Mathew Leonardi, whose mentorship has been 

the cornerstone of my academic and professional journey. Dr. Leonardi's unwavering support, 

guidance, and belief in my potential have been instrumental in shaping me into a leader within 

the field. Throughout this dynamic period, Dr. Leonardi has fostered an environment where 

curiosity thrives and innovation flourishes. His encouragement to think creatively and explore 

outside the confines of conventional wisdom has been invaluable, allowing me to push 

boundaries and discover new perspectives. I am deeply appreciative of the countless 

opportunities he has provided and his steadfast support through both triumphs and challenges. 

Without Dr. Leonardi's mentorship, my success and completion of this period would not have 

been possible. 

 

I extend my heartfelt appreciation to my committee members, Dr. Julia Muraca and Rohan 

D'Souza, for their guidance, wisdom, and encouragement. Dr. Muraca's insights bridging public 

health and clinical work have greatly influenced my academic growth, while Dr. D’Souza's 

encouragement to explore beyond disciplinary boundaries has broadened my perspective. Special 

thanks to Kyle McGowan for his invaluable assistance in navigating the complexities of 

research, a skill that will continue to shape my academic career. 

 

Dr. Warren (Lauren) Foster holds a special place in my academic journey as the one who 

introduced me to the field of endometriosis. Dr. Foster’s mentorship has been foundational, 



M.Sc. Thesis – S.M. Freger; McMaster University – Medical Sciences vii 
 

instilling in me independence, critical thinking, and a deep appreciation for the intricacies of 

academia. I am also grateful for the camaraderie and support of my past lab mates, including 

Anna Leonova, Emerson Brazil, and Victoria Turnip, whose friendship and collaboration have 

enriched my research experience during the highs and lows of my academic journey. Special 

thanks to current colleagues, including Ido Mick, Mahsa Gholiof, and Melissa Marien, who 

ensured my academic journey was never a dull moment and fostered countless laughs. 

Additionally, I extend my gratitude to past and present members of the Holloway lab, 

particularly Dr. Alison Holloway, Genevieve Perono, and Laiba Jamshed, for their support. 

 

To my family, I owe an immeasurable debt of gratitude for their unwavering support and 

encouragement throughout my entire life. Your belief in my potential and encouragement to 

pursue my dreams, no matter how audacious, has been the driving force behind my 

achievements. I am deeply thankful for their sacrifices and unwavering commitment to my 

dreams. I also extend my appreciation to my closest friends back home, as well as Amer and 

Tabitha, for their support and encouragement. Special thanks to Murphy, Mackenzie, and, most 

importantly, Remi for being my pillars of strength throughout my journey.  

 

Finally, I dedicate this work to my late grandfather, Semyon Freger, whose boundless love and 

support have left an indelible mark on my life. Though he is no longer with us, his legacy of 

kindness, resilience, and unwavering support will continue to inspire me as I navigate the path 

ahead.  



M.Sc. Thesis – S.M. Freger; McMaster University – Medical Sciences viii 
 

Table of Contents 
Lay Abstract ............................................................................................................................................... iii 

Abstract ....................................................................................................................................................... iv 

Acknowledgments ...................................................................................................................................... vi 

Lists of Figures and Tables ........................................................................................................................ x 

List of Abbreviations ................................................................................................................................. xi 

Declaration of Academic Achievement ................................................................................................... xii 

Chapter I. Introduction .............................................................................................................................. 2 

I.I Endometriosis Overview ...................................................................................................................... 2 

I.II Endometriosis Phenotypes .................................................................................................................. 2 

I.II.I Ovarian Endometriosis ................................................................................................................. 3 

I.II.II Superficial Endometriosis ........................................................................................................... 3 

I.II.III Deep Endometriosis ................................................................................................................... 3 

I.III Diagnostic Limitations and Diagnostic Delay ................................................................................... 4 

I.IV Diagnostics and Endometriosis ......................................................................................................... 5 

I.IV.I Laparoscopy Visualization and Histological Confirmation ........................................................ 5 

I.IV.II Transvaginal Ultrasound ........................................................................................................... 6 

I.V Diagnostic Test Accuracy ................................................................................................................... 7 

I.V.II Diagnostic Accuracy Methodology ............................................................................................. 8 

I.V.II Diagnostic Accuracy of TVS in Endometriosis .......................................................................... 10 

I.V.III Diagnostic Accuracy of the Uterosacral Ligaments ................................................................ 11 

I.VI Project Rationale, Hypothesis, and Thesis Objectives .................................................................... 12 

II. Chapter II ............................................................................................................................................. 15 

II.I. Preface and Significance to Thesis .................................................................................................. 15 

II.II Authors’ Contribution ...................................................................................................................... 16 

III. Chapter III .......................................................................................................................................... 43 

III.I. Preface and Significance to Thesis ................................................................................................. 43 

III.II Authors’ Contribution .................................................................................................................... 44 

III.III The influence of severe endometriosis on the accuracy of transvaginal ultrasound diagnosis of 

uterosacral ligament endometriosis ......................................................................................................... 44 

Chapter IV. Discussion ............................................................................................................................. 66 

IV.I Strengths and Limitations ................................................................................................................ 70 

Conclusion ................................................................................................................................................. 72 



M.Sc. Thesis – S.M. Freger; McMaster University – Medical Sciences ix 
 

References .................................................................................................................................................. 74 

 

  



M.Sc. Thesis – S.M. Freger; McMaster University – Medical Sciences x 
 

Lists of Figures and Tables  

 
Chapter I. 

Table 1. Diagnostic accuracy parameters and their respective formulas 

 

Chapter II. 

Figure 1. Deep endometriosis (DE) of the right uterosacral ligament (USL) (a,c), left USL and 

torus uterinus (TU) (b,d) in oblique longitudinal(a,b) and transverse (c,d) views. 

 

Figure 2. Flowchart summarizing inclusion of participants in the study and diagnostic 

performance of transvaginal ultrasound (TVS) posterior approach in detecting deep 

endometriosis (DE) in uterosacral ligaments (USLs) and torus uterinus. CPP, chronic pelvic 

pain. 

 

Table 1. Characteristics of study population (n=54) 

 

Table 2. Diagnostic test accuracy of transvaginal ultrasound posterior approach for left 

uterosacral ligament (USL), right USL and torus uterinus deep endometriosis relative to 

laparoscopy as the reference standard in 54 patients. 

 

Chapter III. 

Figure 1. Laparoscopic view of a distorted pelvic environment due to the presence of DE and 

POD obliteration. 

 

Table 1. The impact of surgically confirmed POD obliteration and DE of the bowel on the 

diagnostic accuracy of TVS diagnosis of DE of bilateral USLs and TU relative to baseline 

performance. 

  



M.Sc. Thesis – S.M. Freger; McMaster University – Medical Sciences xi 
 

List of Abbreviations 
 

AFAB – Assigned Female Sex at Birth 

DE – Deep Endometriosis  

ESHRE – European Society of Human Reproduction and Embryology  

FIGO - Federation of Gynecology and Obstetrics 

IDEA - International Deep Endometriosis Analysis 

OE – Ovarian Endometriosis 

POD – Pouch of Douglas  

QUADAS-2 – Quality Assessment of the Diagnostic Accuracy of Studies  

SE – Superficial Endometriosis 

STARD – Standards for Reporting Diagnostic Accuracy 

TU – Torus Uterinus 

TVS – Transvaginal Ultrasound  

USL – Uterosacral Ligament 

  



M.Sc. Thesis – S.M. Freger; McMaster University – Medical Sciences xii 
 

Declaration of Academic Achievement 
 

The study design, measurements, respective analysis, and manuscript submission were 

completed by SMF under the supervision of ML. However, transvaginal ultrasound and all 

procedures, including laparoscopic surgery, were performed by ML. Measurements were 

obtained, recorded, and analyzed by SMF. VT assisted in cross-validation of data collection to 

ensure unbiased collection, and KM assisted as the departmental research coordinator. 

  



M.Sc. Thesis – S.M. Freger; McMaster University – Medical Sciences 2 
 

Chapter I. Introduction 
 

I.I Endometriosis Overview  

 

Endometriosis is a whole-body, heterogeneous disease affecting approximately 1 in 9 people 

assigned female sex at birth (AFAB) 1. The disease is characterized by the abnormal growth of 

endometrial-like stroma and glandular epithelial cells outside of the uterus, leading to chronic 

pain-like symptoms, inflammation, and infertility 2. Beyond the clinical experiences, 

endometriosis generally precipitates significant impairment on quality of life, with negative 

consequences on employment, education, relationships, social life, finances, and physical and 

mental health 3. While endometriosis often presents with hallmark characteristics, it may also 

exhibit unique presentations with or without the hallmark characteristics 4. 

 

I.II Endometriosis Phenotypes 

 

Although endometriosis may be defined histologically by the ectopic growth of endometrial-like 

cells, it may be further divided into three phenotypes, including ovarian endometriosis (OE; 

‘endometrioma’ or cystic-like growth along or within either or bilateral ovaries), superficial 

endometriosis (SE; the most prevalent phenotype, present as non-infiltrative lesions along the 

surface of the peritoneum or surrounding anatomy), and deep endometriosis (DE; the infiltrative 

type, leading to significant distortion of anatomy) 5. 
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I.II.I Ovarian Endometriosis 

 

Endometriomas (OE), cystic growths within the ovary or ovaries, comprise up to 25% of 

endometriosis cases 6. Although endometriosis is generally considered benign, the possibility of 

OE undergoing malignant transformation has been reported, focusing on histological 

hyperplasia, atypia, and molecular changes 2.  

 

I.II.II Superficial Endometriosis  

 

Superficial endometriosis, also known as peritoneal endometriosis, has a reported prevalence of 

80% among cases of endometriosis 6. Though the phenotype has historically been described as 

subtle or a non-severe stage of disease, SE may drive similar symptoms and systemic changes. 

SE rarely appears alone; on the other hand, it is usually diffusely present in multiple regions of 

the pelvis, such as the pelvic sidewalls, ovaries, ligaments, and uterine surface 7–9. As its 

nomenclature suggests, SE does not infiltrate beneath the surface (i.e. peritoneum) 5. SE may 

vary significantly in its appearance, including size and colour (red, black, or white/clear) 10, 

which has been previously suspected to indicate lesion age or inflammation activity level, though 

this remains to be elucidated. 

 

I.II.III Deep Endometriosis  

 

Of the three phenotypes, DE is the most invasive form of the disease, with infiltration into 

anatomic locations 11. The current estimated prevalence of DE is 20% in general gynecological 

clinics 8,12, though notably higher, estimated at 57% among those with chronic pelvic pain (CPP) 
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13. Though DE may be present anywhere within the pelvis, locales include the bowel, pouch of 

Douglas (POD; space between the rectum and uterus), posterior vaginal fornix, and most 

commonly, within the uterosacral ligaments (USLs; bilateral connective structures between the 

uterus and sacrum) 8,12. Historically, DE was defined by >5mm infiltration within surrounding 

tissue, while SE was characterized by <5mm. In 2021, these classification guidelines underwent 

a revision 14. As per the updated criteria, DE is now defined by any level of infiltration within the 

surrounding tissue, whereas the absence of infiltration in the surrounding tissue describes SE 14. 

 

Anatomical distortion is a cornerstone of DE. In particular, bowel DE, generally within the 

anterior wall of the rectum or sigmoid, usually yields a severe form of anatomical distortion 

called POD obliteration (adhesions between the bowel and uterus and/or vagina and uterus) 15–17. 

This is broadly believed to be one of the highest levels of endometriosis complexity. In this 

complex disease state of bowel DE and/or POD obliteration, other DE disease sites are usually 

present 17,18. The distortion of the anatomical environment may lead to difficulties in diagnosing, 

characterizing, and treating endometriosis in specific disease locations 19, including the USLs. 

 

I.III Diagnostic Limitations and Diagnostic Delay 

 

The endometriosis landscape has undergone extensive shifts in recent years, yet it remains highly 

underrepresented and poorly understood 4. In a qualitative assessment of patient experiences, the 

largest limitation within the field remains the extensive diagnostic delay from the onset of 

symptoms to the time of diagnosis 20,21. The delay is estimated to be 5.8 years globally 22 and 5.4 

years within Canada 23. This delay limits patients from initiating appropriate management of the 
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disease, subjecting patients to a prolonged negative quality of life 21. Although the 

pathophysiological and symptomatologic evolution of endometriosis has been heavily debated, 

this limited access to care may lead to worsening symptoms and exacerbate negative impacts on 

quality of life throughout a patient's life course 24. 

 

The origin of the diagnostic delay associated with endometriosis is multifaceted and composed 

of social phenomena such as stigmatization, poor education and awareness of the disease, and 

systemic issues within the medical milieu 23,25,26. One of the largest contributors to the delay 

throughout the clinical care pathway is inadequate recognition of symptoms and poor adoption of 

non-invasive methods as front-line diagnostics 27,28. In the absence of first-line diagnostics and 

their ubiquitous adoption, patients are subjected to inadequate care, prolonged negative impact 

on quality of life, and significant economic burdens nationally and globally 3. 

 

I.IV Diagnostics and Endometriosis 

 

I.IV.I Laparoscopy Visualization and Histological Confirmation 

 

Historically, laparoscopy followed by histological confirmation was considered the gold standard 

for diagnosing endometriosis 29. A thorough examination of the pelvis and abdomen is performed 

during laparoscopy to identify all phenotypic presentations of endometriosis 30. Laparoscopy 

may allow for a simultaneous diagnosis and treatment of disease, whereby suspected 

endometriosis is excised and confirmed histologically 31. However, the technique does have 

several notable limitations, including resource implications and exacerbating diagnostic delay 
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through prolonged surgical wait times 32. Patients may encounter wait periods for surgery 

ranging from 6 months to 3 years following their initial visit 33. Furthermore, recent studies have 

highlighted the discrepancies between laparoscopy and histology, stemming from the 

dependence on the surgeon to completely remove all affected tissue and the meticulous 

examination demanded by intact histological specimens 32. Additionally, the challenge posed by 

the simultaneous identification and treatment of complex disease states demands specialized 

expertise, considerably lengthier procedural time, coordination with other surgical services, 

patient preparation (including bowel preparation), and explicit patient consent 34. Although 

laparoscopy is an invasive procedure associated with several risks, it is the most widely used for 

diagnosing endometriosis, especially in cases where non-invasive approaches have not provided 

conclusive results, such as limited detection of SE 35.  

 

I.IV.II Transvaginal Ultrasound 

  

Non-invasive imaging techniques are crucial in diagnosing endometriosis and providing valuable 

information about the disease, including presence/absence, locale, size, and extent. A rapid, non-

invasive imaging-based diagnosis of endometriosis in an outpatient setting enables timely 

management. Furthermore, non-invasive modalities may be further used to guide treatment 

approaches, including laparoscopy, whereby surgical planning is facilitated. Guided treatment 

may also uphold patient autonomy, allowing individuals to select treatment options based on 

informed education. 
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The European Society of Human Reproduction and Embryology (ESHRE) guidelines have 

recommended that transvaginal ultrasound (TVS) should be employed as a first-line imaging 

modality due to its accessibility, cost-effectiveness, and ability to assess pelvic structures 

dynamically 36. This development has been primarily instigated by improved diagnostic 

performance and classifications of TVS, summarized by the International Deep Endometriosis 

Analysis (IDEA) consensus statement, curated in response to inconsistencies describing 

anatomical structures and disease locale 37. The IDEA consensus proved pivotal in promoting 

standardization in reporting the location and extent of endometriosis while simultaneously 

allowing for meaningful comparisons from scan to scan, locally and across the globe 37. 

Considering this, recent publications using the IDEA consensus have suggested that TVS may 

reliably diagnose OE with improved accuracy in identifying and diagnosing DE 38–41, though SE 

remains elusive. Despite some improvement, anatomical site-specific variation in accuracy 

exists, with some disease locales, including USLs, still exhibiting poor diagnostic test accuracy 

with TVS 39.  

 

It's important to highlight that the current assessment of diagnostic accuracy for TVS in 

diagnosing DE relies on previous classification guidelines, limiting our comprehension of 

accuracy when applied to newer guidelines. Considering this, there is a need for further 

investigation into the diagnostic efficacy of TVS for detecting DE, aligning with the IDEA 

consensus and the revised classification guidelines. 

 

I.V Diagnostic Test Accuracy 
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I.V.II Diagnostic Accuracy Methodology 

 

The most common method of determining a diagnostic test's ability to discriminate between 

those with endometriosis and those without includes traditional diagnostic accuracy methodology 

40. In a recent review evaluating the effectiveness of diagnostic modalities in diagnosing 

endometriosis, methodology mainly included sensitivity, specificity, positive predictive values 

(PPVs), negative predictive values (NPVs), and overall accuracy 40. This approach compares an 

index test (new diagnostic of interest) to a reference test (typically a gold standard), whereby 

parameters are calculated to determine diagnostic performance 42 (Table 1). 

 

Table 1. Diagnostic accuracy performance parameters and their respective formulas 

Diagnostic Accuracy Parameters Formula 

Sensitivity 𝑇𝑟𝑢𝑒 𝑃𝑜𝑠𝑖𝑡𝑖𝑣𝑒𝑠

𝑇𝑟𝑢𝑒 𝑃𝑜𝑠𝑖𝑡𝑖𝑣𝑒𝑠 + 𝐹𝑎𝑙𝑠𝑒 𝑁𝑒𝑔𝑎𝑡𝑖𝑣𝑒𝑠
 

Specificity  𝑇𝑟𝑢𝑒 𝑁𝑒𝑔𝑎𝑡𝑖𝑣𝑒𝑠

𝑇𝑟𝑢𝑒 𝑁𝑒𝑔𝑎𝑡𝑖𝑣𝑒𝑠 + 𝐹𝑎𝑙𝑠𝑒 𝑃𝑜𝑠𝑖𝑡𝑖𝑣𝑒𝑠
 

Positive Predictive Value 𝑇𝑟𝑢𝑒 𝑃𝑜𝑠𝑖𝑡𝑖𝑣𝑒𝑠

𝑇𝑟𝑢𝑒 𝑃𝑜𝑠𝑖𝑡𝑖𝑣𝑒𝑠 + 𝐹𝑎𝑙𝑠𝑒 𝑃𝑜𝑠𝑖𝑡𝑖𝑣𝑒𝑠
 

Negative Predictive Value 𝑇𝑟𝑢𝑒 𝑁𝑒𝑔𝑎𝑡𝑖𝑣𝑒𝑠

𝑇𝑟𝑢𝑒 𝑁𝑒𝑔𝑎𝑡𝑖𝑣𝑒𝑠 + 𝐹𝑎𝑙𝑠𝑒 𝑁𝑒𝑔𝑎𝑡𝑖𝑣𝑒𝑠
 

 

When assessing the index test, the test's sensitivity (true positive rate) refers to the probability of 

the test positively diagnosing the disease under the condition that they have the disease 43. In 

comparison, specificity (true negative rate) is the probability of a negative test result among 

those who are truly negative 43. Sensitivity and specificity are inversely proportional; when one 
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increases, the other decreases 42. A highly sensitive test will have fewer false negatives or missed 

diagnoses, whereas a test with high specificity will have fewer false positives. In the context of 

disease screening, tests with low specificities are ineffective, as those without endometriosis will 

be diagnosed with a positive test result, leading to inappropriate management 44–46.  

 

A predictive value of a test refers to the probability of a positive or negative test among those 

with and without the disease, respectively 43. In endometriosis, if the disease was identified or 

absent in an individual, predictive values elucidate the likelihood that the patient is truly positive 

or negative. It should be noted that PPV and NPV depend on disease prevalence, sensitivity, and 

specificity 46. To ensure a clinically relevant conclusion is made, it is critical to ensure an 

appropriate sample size when determining diagnostic accuracy parameters, as when the 

prevalence increases, PPV will increase, NPV will decrease, and vice versa when sample size 

decreases. 

 

Although diagnostic test accuracy parameters are the most common method of determining the 

effectiveness of new diagnostic tests, particularly in binary classification problems posed by 

imaging modalities, other methods may be used. For example, it is common to see receiver 

operator curves (ROC) and area under the curve (AUC) metrics for biomarkers 47–49, where a 

single summary measure or a global metric is provided, plotted between sensitivity and 

specificity. Although these methods may be used, they do not provide predictive capabilities of a 

test nor elucidate the impact of individual parameters in the model 50. For example, one test may 

have a high sensitivity and a low specificity or vice versa yet yield the same AUC. Global 
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measures, such as ROCs/AUCs and diagnostic odds ratios, may be helpful when comparing two 

or more diagnostic tests, though they have limited utility in their clinical significance 50. 

 

I.V.II Diagnostic Accuracy of TVS in Endometriosis 

 

In developing novel non-invasive methods for diagnosing endometriosis, diagnostic accuracies 

must be determined among phenotypes and disease locales to ensure clinical utility. The most 

adopted reference standards for comparing novel index tests include laparoscopy and/or 

histological confirmation when tissue is available 39. Considering this, given the development of 

guidelines and increased standardized reporting, studies have elucidated the diagnostic potential 

of various non-invasive modalities, particularly TVS. However, given the potential 

inconsistencies between laparoscopy and histology and the lack of a definitive negative 

diagnosis, as healthy tissue is seldom removed, comparisons and definitive conclusions should 

be made cautiously. 

 

Alongside developing the IDEA consensus, the International Ovarian Tumour Analysis (IOTA) 

criteria have enabled TVS to diagnose OE reliably 51. In a Cochrane Review evaluating the 

efficacy of TVS in diagnosing OE, the pooled sensitivity was 93% and a specificity of 96% 52, 

though a more recent multisite study by Leonardi et al., adhering to the IDEA guidelines 

suggests a sensitivity of 92.1 – 92.2 % and a specificity 90.8 – 92.4% 39. Although there is 

widespread trust in TVS reliably diagnosing OE, the accuracy of TVS diagnosing DE remains 

variable depending on the locale 40. The bowel, including the rectum and rectosigmoid, is the site 

with the highest diagnostic accuracy for DE diagnosed by TVS, with a recent meta-analysis 
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suggesting a pooled sensitivity of 91% (95% CI 88.1–93.5) and specificity of 98% (95% CI 

96.7–99.0) 53. Given these findings, TVS has been accepted as a reliable diagnostic for OE and 

certain sites of DE, though other locales, including the USLs and TU, remain limited in their 

accuracy 37,39.  

 

I.V.III Diagnostic Accuracy of the Uterosacral Ligaments 

 

The USLs are the most common site of DE, with a prevalence ranging from 20% to 70% 54,55, 

depending on the population and setting. The USLs are connective structures between the sacral 

spine and posterior uterus, conjoined by the TU, maintaining normal anatomical positioning of 

the pelvic environment 56. These structures also relay crucial vessels, lymphatics, and nerves, 

which provide sensory and autonomic innervation throughout the pelvic cavity 57,58. In the 

context of endometriosis, infiltration of DE within the USLs has been associated with chronic 

pelvic pain-like symptoms and dyspareunia, with symptoms improving upon excision of the 

disease 59,60. It has been recently appreciated that DE nodules may affect individual USLs as 

discrete nodules or affect them bilaterally with or without TU involvement. Complex disease 

states, including POD obliteration and bowel DE, are commonly associated with USL and TU 

disease, requiring a more meticulous diagnostic and surgical approach 19.  

 

The most utilized TVS technique to diagnose USL DE includes placement of the TVS probe in 

the anterior vaginal fornix. Historically, TVS for DE of the USLs and TU has had the lowest 

diagnostic accuracy, 38,39,41,55 with the most recent prospective multisite study adhering to the 

IDEA consensus, suggesting a sensitivity of 44.4 – 58.7%, specificity of 77.8 – 88.2%, PPV of 
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63.3 – 75.5% and NPV of 66.1 – 77.5% 39. As such, there has been particular interest in 

improving the diagnostic capacity of TVS in diagnosing and characterizing DE among these 

structures. 

 

Although the exact deficiencies in diagnosing USL DE are unclear, we have hypothesized that it 

is likely two-fold. Firstly, there is universal unfamiliarity with how to visualize these structures 

non-invasively as they have never been included in the structures intending to be assessed on 

pelvic ultrasound prior to the IDEA consensus statement. Secondly, there may be a negative 

influence of the concurrent complex disease states on diagnostic test accuracy for DE in the 

adjacent USL/TU 19,27. In complex disease states, anatomical landmarks are largely distorted, 

potentially impacting the ability to identify the structures and diagnose the disease 15,19. 

Improving the ability of TVS to diagnose DE of the USLs/TU and understanding the impact of 

concurrent complex disease states on diagnostic accuracy is pivotal in addressing the significant 

diagnostic delay associated with the disease and improving guided treatment.  

 

I.VI Project Rationale, Hypothesis, and Thesis Objectives 

 

The significance of USLs and TU in endometriosis is evident, as they represent pivotal structures 

and are the primary site of DE. Historical diagnostic imaging practices have consistently yielded 

the lowest accuracy in diagnosing DE of the USLs and TU. This diagnostic challenge contributes 

substantially to the pronounced delay in endometriosis diagnoses, perpetuating the existing 

obstacles in timely intervention and tailored treatment planning, particularly concerning surgical 
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interventions. The lack of precision in diagnosing endometriosis within the USLs not only 

prolongs the suffering of affected individuals but also complicates surgical planning and fosters 

an economic burden on the health system. 

 

The inefficiencies in site-specific diagnosis of endometriosis within the USLs underscore the 

critical need to enhance diagnostic methodologies, particularly TVS, which has been accepted as 

a reliable first-line imaging modality. A comprehensive understanding of how concurrent 

complex disease states influence the diagnostic accuracy of TVS is paramount for advancing the 

overall diagnosis and mapping of endometriosis. By unravelling the intricacies of endometriosis 

within the USLs, clinicians can gain valuable insights that will guide surgical management. This, 

in turn, holds the promise of optimizing patient care and outcomes, breaking the cycle of delayed 

diagnoses, and ensuring that individuals with deep endometriosis receive timely and effective 

interventions. 

 

To address this critical gap in knowledge, the present work aimed not only to reevaluate the 

diagnostic accuracy of TVS in identifying DE within the USLs but also to introduce a novel 

approach to enhance the precision of TVS. Using a novel approach – called the posterior TVS 

approach - we hypothesize that there will be an improved diagnostic accuracy for DE of the USL 

and TU relative to what has been described in the literature. Furthermore, the investigations 

sought to elucidate how complex disease states impact the accuracy of TVS in detecting DE of 

the USLs and TU. We hypothesized that TVS would have reduced diagnostic performance in 

diagnosing DE of USLs and TU in the presence of concurrent complex disease states. Through 
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these endeavours, the overarching aim of this thesis is to enhance TVS methodology and our 

understanding of the modality as a non-invasive diagnostic for DE of the USLs and TU to 

combat diagnostic delay and improve patient care.  
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II. Chapter II 
 

Published Manuscript.  

  

II.I. Preface and Significance to Thesis 

 

Endometriosis, characterized by endometrial-like tissue outside the uterine cavity, poses a 

substantial diagnostic challenge. Timely and accurately identifying endometriotic lesions is 

crucial for effective management and improved patient outcomes. The USLs, the most common 

sites of DE, and their neighbouring TU have emerged as focal points for diagnostic investigation. 

 

This study aims to target the first objective of the thesis, whereby a novel posterior TVS 

approach was adopted to prospectively evaluate the diagnostic accuracy of TVS in assessing DE 

within the USLs and TU. We hope that the findings presented herein will not only contribute to 

the expanding body of knowledge surrounding endometriosis diagnostics but will also pave the 

way for more effective and accessible diagnostic modalities. The findings of this study suggest 

that TVS may be a reliable diagnostic modality for the USLs and TU using this novel posterior 

approach. May this contribution serve as a foundation for future advancements in endometriosis 

research and diagnostics, fostering a deeper understanding of this complex condition and, 

ultimately, improving the lives of those affected. 
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II.II Authors’ Contribution 

 

The following study was spearheaded by SMF, under the supervision of ML, and included study 

design, ethics, data collection, analysis, tables, and manuscript development and submission. ML 

performed all imaging procedures, including advanced TVS and laparoscopy. KM and VT 

coordinated the study. The final manuscript was completed by SMF and edited by ML prior to 

submission.  

 

II.III Prospective diagnostic test accuracy of uterosacral ligament and torus uterinus 

endometriosis using transvaginal ultrasound posterior approach (Freger et al., 2024; 

https://doi.org/10.1002/uog.27492). 

 

  

https://doi.org/10.1002/uog.27492
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ABSTRACT 

Objective: To determine the diagnostic test accuracy of transvaginal ultrasound (TVS) using a 

standardized technique for the diagnosis of deep endometriosis (DE) of the uterosacral ligaments 

(USLs) and adjacent torus uterinus (TU). 

 

Methods: This was a prospective diagnostic test accuracy study conducted at the McMaster 

University Medical Center Tertiary Endometriosis Clinic, Hamilton, ON, Canada. Consecutive 

participants were enrolled if they successfully underwent TVS and surgery by our team from 10 

August 2020 to 31 October 2021. The index test was TVS using a standardized posterior 

approach performed and interpreted by an expert sonologist. The reference standard included 

direct surgical visualization on laparoscopy by the same person who performed and interpreted 

the ultrasound scans. Accuracy, sensitivity, specificity, positive and negative predictive values 

(PPV and NPV), and positive and negative likelihood ratios were calculated for the TVS 

posterior approach for each location using the reference standard. 

 

Results: There were 54 consecutive participants included upon completion of laparoscopy and 

histological assessment. The prevalence of DE for the left USL, right USL, and TU was 42.6%, 

22.2%, and 14.8%, respectively. Based on surgical visualization as the reference standard, TVS 

demonstrated an accuracy of 92.6% (95%CI, 82.1–97.9%), sensitivity of 82.6% (95%CI, 61.2–

95.1%), specificity of 100% (95%CI, 88.8–100%), PPV of 100% and NPV of 88.6% (95%CI, 

76.1–95.0%) for diagnosing DE in the left USL. For DE of the right USL, TVS demonstrated an 

accuracy of 94.4% (95%CI, 84.6–98.8%), sensitivity of 75.0% (95%CI, 42.8–94.5%), specificity 
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of 100% (95%CI, 91.6–100%), PPV of 100% and NPV of 93.3% (95%CI, 84.0–97.4%). For DE 

of the TU, TVS demonstrated an accuracy of 100% (95%CI, 93.4–100%), sensitivity of 100% 

(95%CI, 63.1–100%), specificity of 100% (95%CI, 92.3–100%), PPV of 100% and NPV of 

100%. 

 

Conclusions: We observed high diagnostic test accuracy of the evaluated standardized TVS 

technique for assessing DE of the USLs and TU. Further studies evaluating this technique should 

be performed, particularly with less experienced observers, before considering this technique as 

the standard approach. 
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Introduction  

Endometriosis is a highly prevalent gynecological disease affecting approximately 10% of 

women and individuals assigned female at birth. It is characterized by the presence of 

endometrial-like tissue in areas outside the uterus, resulting in a chronic state of inflammation 1–

3, extensive pelvic adhesions, and severe morbidity in the form of pelvic pain and/or infertility 3. 

Endometriosis lesions are divided into one of three phenotypes: superficial (most common, but 

non-infiltrative), ovarian (cysts within the ovaries), and deep endometriosis (DE; infiltrative and 

most aggressive phenotype, leading to significant distortion of the surrounding anatomical and 

physiological milieu) 2,4,5. 

 

Historically, to achieve a diagnosis of endometriosis, a combination of direct visualization of 

endometriosis lesions at surgery combined with histopathological analysis was required 6. 

However, due to extensive surgical wait times, invasiveness, diagnostic delay and 

inconsistencies in diagnostic accuracies 7, the European Society of Human Reproduction and 

Embryology (2022) guidelines 6 now recommend the use of non-invasive imaging modalities 

such as transvaginal ultrasound (TVS) 6. In 2016, the International Deep Endometriosis Analysis 

group (IDEA) consensus was developed to improve and describe the sonographic features of 

endometriosis 8, improving standardization and characterization of disease phenotypes, including 

anatomical structures in the posterior compartment such as the uterosacral ligament (USL) and 

the torus uterinus (TU; junction of the two USLs at the retrocervix). With this development, TVS 

has become a reliable, non-invasive, and rapid diagnostic modality for diagnosing DE, with a 
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sensitivity ranging from 88 to 90% and specificities of 76 to 79% 9, depending on the location of 

endometriosis.  

 

Despite these recent developments, the USLs remain the most difficult to diagnose with 

moderate accuracy 10, including a sensitivity and specificity of 60-67% and 86-95% 11,12, 

respectively, despite being the most common location of DE 10,13. Several authors have argued 

that the TVS methodology to visualize normal and abnormal USLs and the TU is limited, 

yielding these poor diagnostic test accuracy scores 11,14. 

 

Our objective was to assess the diagnostic accuracy of TVS through a standardized posterior 

approach 14,15, with the probe in the posterior vaginal fornix for diagnosing DE of the USLs and 

TU. We hypothesized that this TVS technique would have an improved diagnostic accuracy for 

the USL and TU DE relative to what was previously described in the literature.  

 

Methods 

The study is reported according to Standards for Reporting Diagnostic Accuracy (STARD; 2015) 

guidelines 16 to assist in standardization and transparency of reporting diagnostic accuracy with 

consideration for the Quality Assessment of the Diagnostic Accuracy of Studies (QUADAS-2) 

checklist 17. 

 

Study Design 
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This is a prospective diagnostic test accuracy study of patients who underwent TVS and 

laparoscopy (with surgical treatment of endometriosis when it was identified) at McMaster 

University Medical Center, Hamilton Health Sciences. Participant recruitment took place from 

August 10, 2020 – October 31, 2021. A single sonologist interpreter (ML), considered an expert 

based on the study coordinator and European Federation of Societies for Ultrasound in Medicine 

and Biology (EFSUMB) (level 3) 18, was responsible for the final review and reporting of 

ultrasound findings. All ultrasound scans were performed within one year of surgery. Similarly, 

the reference standard surgical procedures were all performed by a single surgeon (ML) with 

minimally invasive gynecologic surgery training and working in a center of surgical excellence 

with available colorectal and urologic surgery. 

 

Participants 

Consecutive participants were recruited if they met the inclusion criteria. Inclusion criteria 

included: age between 18 and 50 years, assigned female sex at birth, pre-menopausal and post-

menarchal, history of chronic pelvic pain and/or endometriosis, able to undergo TVS and 

consented to laparoscopic surgery for endometriosis. Exclusion criteria included previous 

diagnoses or current active gynecologic malignancy or if they ultimately underwent laparoscopy 

at a different center. Patients on various medical therapies were not excluded. 

 

Ethical approval 

This study was approved by the Hamilton Integrative Research Ethics Board (HiREB: 12617). 
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Study Procedure & Test Methods 

All data, including TVS, surgical, and histological findings, were collected prospectively in real-

time. The data was reviewed and entered by two investigators independently and confirmed and 

audited for accuracy by the supervising investigator (ML). 

 

Index test 

The index test, TVS, was performed and reported in accordance with the IDEA consensus with 

the additional posterior approach technique, hypothesized to improve the diagnostic accuracy 

described by Leonardi and colleagues 14,15 for the evaluation of DE of the USLs and TU 

(Appendix A). Mindray Zonare machines were used with an E9-4 (4-9 MHz) transducer.  

 

Transvaginal Ultrasound Posterior Approach 

The technique for TVS assessment of the USL and TU involves the insertion of the TVS probe 

into the posterior vaginal fornix, angled towards the rectum in the midsagittal position. Once the 

hypoechoic posterior vaginal fornix and the overlying hyperechoic rectouterine peritoneum (thin 

white line) are visualized, the probe is lateralized and rotated clockwise (right USL) or counter-

clockwise (left USL), usually no more than 45°. Upon lateralization and rotation, there is a 

progressive thickening of the white line of the peritoneum, revealing the USL at the thickest 

point. If pelvic vessels are noted in concentration, the probe tip has been lateralized too far. 

Suspected DE presents as a hypoechoic nodule within the surrounding hyperechoic USL and 
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should be measured in three orthogonal planes. Characterization of DE of the USLs and TU 

using the standardized posterior approach is illustrated in Figures 1 and 2. DE nodules in this 

space can be regular or irregular and can be confluent with other nodules nearby in the posterior 

vaginal fornix, bowel, TU, or parametrium. Sonographically, the TU is defined as the thin 

hyperechoic layer of tissue immediately posterior to the cervix. The TU tissue simply continues 

into the USLs without a clear anatomical border, but the edge of the cervix can be used as an 

estimate of a border.  

 

Reference Standards 

Surgical Visualization 

The index test was compared primarily to direct visualization through laparoscopy as the 

reference standard. When tissue was available, the index test was compared to histological 

confirmation as a secondary reference standard. Direct visualization involved a systematic 

evaluation of the abdomen and pelvis of all surfaces as per the local standardized protocol 

(Appendix B). The reporting of the surgical findings mirrored the systematic ultrasound 

evaluation approach. The surgeon, ML, was not blinded to the ultrasound findings, which 

reflects the real clinical experience of surgeons who utilize preoperative information to 

appropriately plan and perform surgery. Complete excision of endometriosis was performed 

unless the risk of excision outweighed the benefit as per the patient’s preferences and informed 

consent, in which case occasional intentional incomplete excision was performed. Direct 

visualization yielded the presence of DE when irregular nodules of varying pigmentations with a 

fibrotic (or hard) tactile feedback on palpation were noted 19. An endometrioma was noted when 
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an ovarian cyst containing dark brown material (“chocolate cyst”) was present. Obliteration of 

the rectouterine pouch was noted when the peritoneum between and inferior to the USLs was not 

visible or present due to the presence of adhesions. Normal peritoneum and other pelvic surfaces 

were noted when no evidence of endometriosis (of any subtype) or adhesions were present. If in 

doubt about the appearance of an area as normal versus abnormal, it was considered suspicious 

for endometriosis based on direct visualization and excision was performed to achieve a 

histological assessment.  

 

Histology 

Microscopically, DE is characterized by endometrial stroma and/or glands with fibrosis, along 

with hyperplastic and hypertrophic smooth-muscle fibres 20. The pathologists performing the 

histological evaluation were not blinded to the clinical history, which similarly reflects the real 

clinical experience of pathologists. However, they were blinded to the index test results. 

Histology was only evaluated when samples were available and provided as supplementary data. 

 

Other Variables 

Variables collected for univariate analysis include age, endometriosis phenotypes and 

distribution present at laparoscopy and confirmed histologically, presence of adenomyosis 

described by the presence of Morphological Uterus Sonographic Assessment (MUSA) features, 

presence of fibroids described by the International Federation of Gynecology and Obstetrics 

(FIGO) classification features, symptoms, (dysmenorrhea, dyspareunia, dyschezia, dysuria, and 

abnormal uterine bleeding), and previous diagnosis and surgery for endometriosis.  
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Sample Size 

The sample size for the TVS technique was determined based on Buderer’s formula 21. Using the 

expected prevalence of surgically confirmed USL DE within our clinical population of 35% and 

an expected sensitivity and specificity from previously reported diagnostic accuracy studies of 

90% and 85%, respectively (confidence level of 95%; 0.85 power), a total of n = 49 participants 

was required. 

 

Analysis 

Data was collected using the REDCap electronic data capture tool (Vanderbilt University, 

Nashville, Tennessee, USA) and imported into Microsoft Excel for Windows 10 (Microsoft 

Corporation, Santa Rosa, CA, USA). Cleaned data was transferred and analyzed using IBM 

SPSS statistics V29 software (SPSS Inc., Chicago, IL, USA).  

 

Descriptive statistics were used to summarize all variables. Continuous variables were described 

with means and respective standard deviations. Categorical variables were described as 

frequencies and percentages. Additional pertinent variables identified during TVS and/or 

laparoscopy with histological confirmation, including endometriosis phenotypes and co-

presentation of benign gynecological diseases, were reported as frequencies and percentages 

relative to the total population.  
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Accuracy, sensitivity, specificity, negative and positive predictive value, negative (LR-) and 

positive (LR+) likelihood ratios with 95 % confidence interval (CI) were calculated for the index 

test relative to laparoscopy as the primary reference standard among all participants. The 

diagnostic parameters for the index test were then calculated relative to histology as a secondary 

reference standard. All accuracy parameters were determined using the cross-tabulation function 

in SPSS. 
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Results 

Participant Characteristics 

Of the 160 consecutive patients identified in the clinic setting, 54 met the inclusion criteria and 

were included in the study (Figure 3). All participants underwent the index test and surgical 

visualization. Only one participant underwent diagnostic laparoscopy without surgical excision 

of endometriosis despite its presence; the surgery was abandoned due to anesthesiology 

concerns.  

 

Participant characteristics are summarised in Table 1. Of those who were included, the mean age 

at the time of evaluation was 35.2±7.2 years, with a mean duration from the index test to the 

reference standard of 177.4±100.5 days. The most common symptoms among the patients 

included 94.4% (51/54) dysmenorrhea, followed by 72.2% (39/54) abnormal uterine bleeding, 

66.7% (36/54) dyspareunia, 59.3% (32/54) dyschezia, and 25.9% (14/54) dysuria. 

Approximately 70.4% (38/54) of the patients had previously been diagnosed with endometriosis 

before assessment at McMaster University Medical Center, which included a presumptive 

clinical diagnosis, imaging-based diagnoses, or surgical diagnosis. Additional medical history 

further indicated a rate of anxiety and/or depression at 40.7% (22/54). Past surgical history was 

reported at 88.9% (48/54), of which 44.4% (24/54) included past surgery for endometriosis 

(laparoscopic ablation or excision). In addition to endometriosis features, 24.1% (13/54) and 

37.0% (20/54) of patients exhibited fibroids and adenomyosis features on TVS, respectively. 
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Surgical and Histological Findings 

The left USL had the highest prevalence of DE, seen in 42.6% (23/54) of patients 

laparoscopically, with a prevalence of 33.3% (18/54) upon histological assessment. Right USL 

DE was present in 22.2% (12/54) of patients laparoscopically and 18.5% (10/54) through 

histological assessment. TU DE was the least prevalent, seen in 14.8% (8/54) laparoscopically 

and 13.0% (7/54) through histological assessment. The left USL, right USL, and TU nodules 

were solitary in 25.9% (14/54), 5.5% (3/54), and 7.4% (4/54) of cases, respectively, with 16.7% 

(9/54) of nodules existing within multiple sites. 

 

When assessing lesion dimensions in three orthogonal planes sonographically, the mean length, 

width, and height of the left USL with the respective standard deviations, were 9.3mm (± 

4.5mm), 5.0mm (± 3.0mm), and 10.0mm (± 3.9mm), respectively. For the right USL, 10.4mm (± 

7.0mm), 6.8mm (± 4.8mm), and 8.5mm (± 3.8mm), respectively. For the TU, 7.8mm (± 3.6mm), 

5.6mm (± 2.7mm), and 10.0mm (± 4.2mm), respectively.  

 

Beyond the USL and TU nodules of interest, laparoscopically visualized and histologically 

confirmed superficial endometriosis was present in 70.4% (38/54) of all patients. Laparoscopic 

and histologically confirmed OE was present in 29.6% (16/54) of patients, with 11.1% (6/54) 

having confirmed non-OE benign cysts. Beyond the USLs, the most common location for DE 

was the bowel, with a prevalence of 18.5% (10/54) and a prevalence of laparoscopically 

confirmed rectouterine pouch obliteration among 24.1% (13/54) of patients.  

 



M.Sc. Thesis – S.M. Freger; McMaster University – Medical Sciences 30 
 

Diagnostic Performance  

The diagnostic test performance for the index test relative to the reference standard for three 

anatomical structures in the posterior compartment is presented in Tables 1-3. Diagnostic test 

performance of TVS in the location of the left USL, with surgical visualization as the reference 

standard, respectively, was as follows: accuracy 92.6% (95% CI 82.1 – 97.9%), sensitivity 

82.6% (95% CI 61.2 – 95.1%), specificity 100% (95% CI 88.8 – 100%), PPV 100%, NPV 88.6% 

(95% CI 76.1 – 95.0%), LR+ 33.2 (95% CI 4.8 – 229.5%) and LR- 0.2 (95% CI 0.2 – 0.4), 

respectively. 

 

Diagnostic test performance of TVS in the location of the right USL, with surgical visualization 

as the reference standard, respectively, was as follows: Accuracy 94.4% (95% CI 84.6 – 98.9%), 

sensitivity 75.0% (95% CI 42.8 – 94.5%), specificity 100% (95% CI 91.6 – 100%), PPV 100%, 

NPV 93.3% (95% CI 84.0 – 97.4%), and LR- 0.3 (95% CI 0.1 – 0.7) respectively. The TU was 

the location with the overall highest diagnostic test performance relative to the reference 

standard, including an accuracy 100% (95% CI 93.4 -100%), sensitivity 100% (95% CI 63.1 – 

100%), specificity 100% (95% CI 92.3-100%), PPV 100%, and NPV 100%, respectively. 

Diagnostic test performance of TVS with histology as a reference standard, under the assumption 

that the surgeon was correct in the absence of disease, is provided as Supplementary Table 1. 
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Discussion 

Main Findings 

In this diagnostic accuracy study, we evaluated the accuracy of a standardized TVS posterior 

approach for identifying and characterizing DE of the USL and TU, proposed by Leonardi and 

colleagues in 2020 14. Our findings suggest that identifying DE in its most common location, the 

USLs, with TVS placed within the posterior vaginal fornix may yield improved diagnostic 

accuracy scores relative to those reported in the literature 11,12. When assessing diagnostic 

performance, our results suggest anatomical site and reference test-specific variations, though 

subtle, as suggested by the large overlap in 95% CI’s.  

 

Interpretation and Significance  

There is a ubiquitous acceptance of the need for USL evaluation as part of the TVS examination 

of endometriosis 11. Although the USLs are the most common location of DE, they remain the 

most difficult to diagnose due to the small size of nodules and a pervasive unfamiliarity in 

evaluating these structures using imaging 10–12. Despite recent advancements made through the 

development of the IDEA consensus in aiding the diagnosis of endometriosis, the diagnostic test 

performance of TVS of these anatomical areas and the presence of DE have not improved 9,11. A 

recent study evaluating the diagnostic performance of TVS using the IDEA consensus among all 

anatomical sites suggested the USLs and TU had the lowest accuracy, with overall accuracies 

ranging between 65.2% to 74.4%, sensitives 44.2 to 58.7%, and specificities 77.8% to 88.2% 

among the three sites 9. Our findings suggest that implementing using the standardized posterior 

approach proposed by Leonardi and colleagues (i.e., approaching the posterior compartment 
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through the posterior vaginal fornix) may improve the visualization of the USLs and TU – 

normal and abnormal and the diagnostic test performance of TVS. Because the USLs are the 

most common location for DE and the only site of disease in some individuals, the overall 

diagnostic accuracy of TVS for endometriosis and lengthy diagnostic delay in those suffering 

from endometriosis can be improved by optimizing the imaging diagnostic performance of the 

USLs. Beyond diagnostic improvements, understanding USL DE may have clinical utility; the 

USLs are highly innervated supporting structures, carrying crucial neurological components 

from the spinal cord, including the inferior hypogastric plexus, supplying pelvic and perineal 

organs with parasympathetic and sympathetic innervation for normal physiological phenomena 

to occur 22. Endometriosis of the USL may be clinically linked to symptoms such as dyspareunia 

and chronic pelvic pain 23. Identifying endometriosis of the USLs and respective TU is essential 

in advancing our understanding of this enigmatic disease with varying presentations of 

symptoms. Lastly, it should be noted that scanning the USLs and TU is possible through the 

anterior vaginal fornix, providing a different perspective than the posterior approach, which on 

occasion, may provide added value. 

 

Strengths and Limitations  

All efforts were made to ensure this study's robustness through adherence to the STARD 

guidelines 16. The prospective nature of this study involved utilizing standardized reporting 

forms to ensure consistency among consecutive patients. Furthermore, the current study was 

performed in a specialized center with high-quality ultrasound and surgical equipment, allowing 

for detailed characterization of the posterior compartment. To ensure generalizability, the 

technique adheres primarily to the methodology described by Leonardi and colleagues 14,15, on 
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the background of the IDEA approach, which has previously shown an improvement in 

diagnostic accuracy using a generalizable, multisite approach 8,9. Lastly, the strength of the study 

lays in the innovation of evaluating the diagnostic accuracy of TVS imaging using a standardized 

posterior approach.  

 

Several limitations should be noted, particularly in the interpretation of the results. First, our 

study’s reported accuracy and generalizability may be impacted by the nature of the TVS, and 

surgery being performed by the same highly trained surgeon sonologist and the use of high-

quality equipment. Given the current study design, the same person who developed the technique 

was the same person conducting all TVS scans and surgeries, making double-blind evaluation 

unfeasible. Though our overall design is common in endometriosis diagnostic accuracy studies, 

future studies could consider a design which involves blinding the surgeon to ultrasound 

findings. In addition, one could consider a design comparing non-experienced ultrasound 

operators (index test) against experienced operators (reference standard), or vice versa, to 

potentially enhance the generalizability of the study’s technique. Furthermore, a large portion of 

the patient population did not undergo histological evaluation due to the absence of 

endometriosis seen during laparoscopically – biopsies of entirely normal tissue, which were not 

acquired for ethical and resource-limitation reasons. In such cases, it is uncertain whether these 

patients were truly absent of disease, as samples were not obtained. The study relies on the 

accuracy of surgical visualization, which has limitations 7. Specifically, deep endometriosis 

lesions could hypothetically be missed by a surgeon’s eye 24. Although the diagnosis of 

endometriosis typically relies on the final histological confirmation, histological assessment does 

have limitations, including in such cases where stroma and epithelial cells are altered/damaged 25 
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or the presence of fibrous obliteration 26. Similar limitations arise upon using laparoscopy, where 

studies have suggested 50% of surgical biopsies suspected of being endometriosis were proven 

histologically 27, and 25% of atypical appearing tissue not suspected of being endometriosis were 

proven to be endometriosis 28. The studies elucidate the reliance on surgical experience and 

expertise. Due to the imperfect relationship between what is seen laparoscopically and 

histologically, the assumption that the surgeon was correct in their diagnosis was adopted 7. 

Additionally, this study had a relatively small sample size, with 44.4% of the participants 

previously having endometriosis surgery, which may create bias, potentially artificially 

increasing the diagnostic performance of TVS. Lastly, we did not include a comparison with an 

anterior TVS approach to truly suggest whether a posterior approach is superior in imaging the 

USLs.  
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Conclusion 

DE of the USLs and TU is highly prevalent, though poorly recognized and characterized using 

TVS in previous studies. We have tested a previously proposed technique predicated on the TVS 

probe evaluating the posterior compartment from the posterior vaginal fornix, which we call the 

posterior approach. Our findings suggest that the posterior approach may yield improved 

accuracy for the USLs and TU compared to previous studies. External validation and larger-scale 

studies would be valuable in strengthening or refuting these findings.  
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Table and Figure Captions  

 

 

 

Figure 3. Deep endometriosis (DE) of the right uterosacral ligament (USL) (a,c), left USL and 

torus uterinus (TU) (b,d) in oblique longitudinal(a,b) and transverse (c,d) views. 
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Figure 4. Flowchart summarizing inclusion of participants in the study and diagnostic 

performance of transvaginal ultrasound (TVS) posterior approach in detecting deep 

endometriosis (DE) in uterosacral ligaments (USLs) and torus uterinus. CPP, chronic pelvic 

pain. 
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Table 1. Characteristics of study population (n=54) 
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Table 2. Diagnostic test accuracy of transvaginal ultrasound posterior approach for left 

uterosacral ligament (USL), right USL and torus uterinus deep endometriosis relative to 

laparoscopy as the reference standard in 54 patients. 

 

Values in parentheses are 95% CI. The positive likelihood ratio was not calculable for any location due to 

a specificity of 100%. — , incalculable value; LR−, negative likelihood ratio; NPV, negative predictive 

value; PPV, positive predictive value. 
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III. Chapter III 
 

Submitted for publication. 

 

III.I. Preface and Significance to Thesis 

 

This portion of the thesis represents a sequential inquiry following the prior study examining the 

prospective diagnostic accuracy of a novel posterior TVS approach in diagnosing DE of the 

USLs and TU. The current investigation delves into the nuanced dynamics surrounding complex 

disease states associated with endometriosis, addressing its influence on the accuracy of TVS 

diagnoses pertaining to DE of the USLs and TU. The previous study laid the groundwork for 

comprehending the diagnostic potential of TVS using novel guidelines and the classification of 

DE. Nevertheless, the intricate interplay between concurrent complex disease states and 

diagnostic accuracy remains a critical aspect necessitating further exploration to enhance TVS as 

a diagnostic modality. This thesis project serves as an extension, honing in on the distinctive 

challenges of concurrent complex disease states on the diagnostic accuracy of TVS.  

 

Severe endometriosis presents a range of complexities that can mask subtle manifestations and 

hinder accurate identification through TVS. By concentrating on DE of the USLs, we can 

conduct a thorough examination of how disease severity might affect the sensitivity and 

specificity of TVS as a diagnostic modality. This endeavour aligns with the broader goal of 

improving diagnostic methodologies to cater to the diverse spectrum of endometriosis 

presentations, enhancing patient care and outcomes. 
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III.II Authors’ Contribution 
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III.III The influence of severe endometriosis on the accuracy of transvaginal ultrasound 

diagnosis of uterosacral ligament endometriosis 
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Abstract  

Objective: We aimed to determine the impact of anatomical distortion caused by severe 

endometriosis on transvaginal ultrasound (TVS) diagnosis of deep endometriosis (DE) when 

using the posterior approach in the uterosacral ligaments (USLs) and torus uterinus (TU).  

  

Methods: This was a secondary analysis of data from a prospective diagnostic test accuracy study 

conducted at the McMaster University Medical Center Tertiary Endometriosis Clinic, using 

consecutively recruited participants. We included data from all 54 participants, where the index 

test was TVS using a standardized posterior approach, and the reference standard was 

laparoscopy. Two forms of complex disease states were considered for this study due to their 

potential influence and co-occurrence on highly prevalent USL and TU disease, including 

surgically confirmed pouch of Douglas (POD) obliteration and DE of the bowel. Diagnostic 

accuracy parameters were calculated for each site, 1) excluding those with POD obliteration and 

2) excluding those with DE of the bowel, where they were compared to the previously identified 

baseline performance.  

  

Results: The diagnostic performance of TVS based on surgical visualization as a reference for the 

left USL, right USL, and TU excluding those with POD obliteration were as follows: Accuracy 

90.2%, 97.6%, and 100%; Sensitivity 73.3%, 85.7%, and 100%; Specificity 100%, 100%, 100%; 

Positive Predictive Value (PPV) 100%, 100%, 100%; Negative Predictive Value (NPV) 86.7%, 

97.1%, and 100%; respectively. Upon excluding those with DE of the bowel, the diagnostic 

performance was as follows: Accuracy 93.2%, 95.5%, and 100%; Sensitivity 82.4%, 71.4%, 
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100%; Specificity 100%, 100%, 100%; PPV 100%, 100%, 100%; NPV 90.0%, 94.9%, and 

100%; respectively.  

  

Conclusion: Severe endometriosis substantially disturbs the anatomical environment, potentially 

making it difficult to identify prominent anatomical landmarks and map normal and diseased 

tissue using non-invasive diagnostics. Our results suggest a strong diagnostic performance 

regardless of disease complexity, alluding to the potential robustness in diagnosing and detecting 

DE through TVS. 
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Introduction  

  

Endometriosis is a chronic pain and inflammatory disease characterized by abnormal growth of 

endometrial-like cells within pelvic structures, including stroma and glandular epithelial cells 1. 

Deep endometriosis (DE) is the most aggressive form, composing approximately 20% of all 

endometriosis diagnoses 2–5. DE is characterized by its infiltrative nature within surrounding 

structures, leading to significant distortion of the surrounding anatomical milieu through 

adhesions and displacement of intrapelvic structures, depicted in Figure 1. 6,7.  

  

The most common location for DE remains the uterosacral ligaments (USLs), bilateral 

connective structures between the uterus and sacrum, conjoined by the torus uterinus (TU) 7–9. 

The USLs are pivotal structures within the posterior aspect of the pelvis, creating the lateral 

boundaries of the POD, the space between the bowel and uterus 10,11. The structures maintain 

normal pelvic anatomy and relay crucial nerves and vessels throughout the pelvis, orchestrating 

normal physiological activity 10–12. 

  

Beyond clinical manifestation, DE of the USLs is highly associated with hallmark symptoms 

associated with endometriosis, including dyspareunia and pelvic pain 13,14. USLs may be affected 

by discrete nodules or contiguously, whereby bilateral structures may be affected with TU 

involvement 15,16. In severe cases, USL nodules may co-occur with highly prevalent pelvic 

adhesions 5, or be involved with additional disease locales within surrounding pelvic structures, 

including the parametrium, posterior vaginal fornix, ovaries, ureters, and most commonly, the 

bowel. Alongside aggressive forms of endometriosis, the POD may be “obliterated,” whereby 
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dense adhesions are present between the uterus/retrocervix and rectum, leading to the absence of 

mobility between the posterior aspect of the uterus and bowel and an inability to surgically 

visualize the space between and inferior to the USLs 17,18. Without accurate pre-operative 

mapping of DE lesions in these anatomically distorted states, there is a possibility that surgeons 

may be performing incomplete excision, unbeknownst to them or their patients. 

  

Although the USLs remain invaluable structures and the most common locale for DE, they have 

been historically associated with low diagnostic accuracy sonographically, with marginal 

improvement with the development of the pivotal IDEA (International Deep Endometriosis 

Analysis group) consensus 8,9,19. Recently, our previous findings evaluating the diagnostic 

accuracy of a standardized TVS posterior approach in diagnosing DE of the USLs suggest an 

overall improved diagnostic performance relative to those previously reported 15. Whilst several 

studies have elucidated the diagnostic accuracy of DE when multiple sites are impacted, 

including the USLs, the impact of complex disease states and anatomical distortion on diagnostic 

accuracy remains unexplored. As such, we hypothesize that TVS has a reduced diagnostic 

performance in the presence of complex disease states when diagnosing DE of USLs and TU. 

The objective of this study is to provide an explorative analysis to evaluate the impact of these 

complex disease states on the diagnostic accuracy of DE of the USLs and TU. 

 

Methods  

The study is a secondary analysis of prospective data initially used to investigate the diagnostic 

accuracy of TVS using a standardized posterior approach in diagnosing DE of the USLs and TU 

15. The diagnostic test accuracy scores between the two cohorts of interest are compared. This 

study was done and reported in accordance with Standards for Reporting Diagnostic Accuracy 
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(STARD; 2015) 20 guidelines, with consideration for the Quality Assessment of the Diagnostic 

Accuracy of Studies (QUADAS-2) checklist 21. 

  

Participants  

The “complex disease” state was defined surgically. This specifically involved complete POD 

obliteration and/or bowel DE. The other cohort, the “non-complex disease” state, included those 

without complete POD obliteration or bowel DE. All 54 participants in the initial study were 

included in the secondary analysis. In brief, all participant data was collected consecutively, 

where the reference standard was performed within one year of the index test. Participant 

inclusion criteria included 1) age between 18 and 50 years, 2) assigned female sex at birth, 3) 

pre-menopausal and post-menarchal, 4) history of chronic pelvic pain and/or endometriosis, 5) 

able to undergo TVS and consented to laparoscopic surgery for endometriosis. Participants were 

excluded if they had a current or previous gynecologic malignancy or if they underwent 

laparoscopy at a different center.  

  

Study Design  

The initial study was a prospective diagnostic accuracy study of DE of the USLs and TU, 

conducted at McMaster University Medical Center, Hamilton Health Sciences. Data was 

prospectively collected in real-time between August 10, 2020 – October 31, 2021. 

  

Ethics Approval  

The study was conducted in accordance with the Hamilton Integrative Research Ethics Board 

(HiREB: 12617). 
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Index Test, Reference Standard, and the Identification of Complex Disease States 

The index test was TVS using a standardized posterior approach and reported in accordance with 

the IDEA consensus, and the reference standard was laparoscopic visualization and histology 

when tissue was available, which was performed by a single expert surgeon-sonologist. 

Characterization of anatomical landmarks and DE of the USLs/TU using the posterior approach 

were as previously described 15. DE nodules are described sonographically as hypoechoic with 

regular or irregular outer borders, generally breaking the smooth peritoneal surface echogenicity. 

Surgically, DE was characterized by a nodule portraying diverse pigmentation and a firm tactile 

response upon palpation. POD obliteration was assessed on the index test, TVS, using the 

‘sliding sign’ method in assessing mobility between the posterior aspect of the uterus and the 

anterior side of the bowel 22. The presence of DE of the bowel was characterized by any level of 

infiltration of a nodule into the muscularis of the bowel, including the lower rectum, upper 

rectum and rectosigmoid, in accordance with the IDEA consensus statement. 

  

All patients required the reference standard, laparoscopy. To be included in this “complex 

disease” state, patients needed surgically confirmed complete POD obliteration and/or 

laparoscopically visualized/palpated bowel DE (including histologically confirmed DE of the 

bowel when tissue was available following colorectal surgical excision). Bowel DE was 

appreciable at surgery in the location of most dense adhesions and palpable with the bowel 

graspers at the site of fibrotic (i.e. hard) nodularity within the anterior bowel wall. 22 Obliteration 

was confirmed surgically by the inability to visualize the peritoneum of the POD, between and 

inferior to the USLs, due to the presence of adhesions between the uterus and bowel. Partial 
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obliteration, defined as a partial visualization of the peritoneum of the POD, was considered non-

complex disease and grouped within the non-complex cohort. 

  

Analysis  

The prevalence of POD obliteration and DE of the bowel was previously collected and reported 

in the initial analysis 15. Baseline diagnostic accuracy parameters for bilateral USLs and TU, 

including accuracy, sensitivity, specificity, negative and positive predictive value, negative (LR-) 

and positive (LR+) likelihood ratios with 95% confidence interval (CI), were previously 

described. To assess the impact of complex disease on diagnostic accuracy of DE of the USLs 

and TU, diagnostic accuracy parameters were calculated: 1) excluding those with complete POD 

obliteration, and 2) excluding those with DE of the bowel. Both complex disease states were 

descriptively compared individually to the previously reported baseline parameters using overall 

accuracies and CIs.  

  

Data was collected using the REDCap electronic data capture tool (Vanderbilt University, 

Nashville, Tennessee, USA) and imported into Microsoft Excel for Windows 10 (Microsoft 

Corporation, Santa Rosa, CA, USA). Cleaned data was transferred and analyzed using IBM 

SPSS statistics V29 software (SPSS Inc., Chicago, IL, USA). All accuracy parameters were 

determined using the cross-tabulation function in SPSS.  

 

Results  

Surgical and Histological Findings  
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Patient characteristics, lesion dimensions, and baseline diagnostic accuracy results of the left 

USL, right USL, and TU were as previously reported 15. 

  

Prevalence of POD obliteration was similarly reported, with 24% (13/54) having complete 

obliteration, which was assessed sonographically and confirmed laparoscopically. Two patients 

had partial obliteration of the POD and were included in the non-complex cohort. 

Laparoscopically confirmed DE of the bowel was present in 19% (10/54) of participants, with 

70% (7/10) being histologically confirmed and 30% (3/10) not histologically confirmed as 

colorectal surgery was not performed. Though the complex disease states were evaluated 

individually, 17% (9/54) had both POD obliteration and DE of the bowel. Regarding location, 

80% (8/10) of nodules were within the upper rectum, and 20% (2/10) had nodules within the 

rectosigmoid junction. 

  

Diagnostic Performance 

Diagnostic parameters for each complex disease state and locale relative to the baseline 

parameters are reported in Table 1. The diagnostic test performance of TVS of the left USL, right 

USL, and TU, excluding those with POD obliteration ((-) POD obliteration/ (+) Bowel DE) with 

surgical visualization as the reference standard was as follows: Accuracy of 90.2% (95% CI 76.9 

– 97.3%), 97.6% (95% CI 87.1 – 99.9%), and 100% (95% CI 91.4 – 100%); Sensitivity 73.3% 

(95% CI 44.9 – 92.2%) 85.7% (95% CI 42.1 – 99.6%), and 100% (95% CI 29.2 – 100%); 

Specificity 100% (95% CI 86.8 – 100%), 100% (95% CI 89.7 – 100%), and 100% (95% CI 90.8 

– 100%); PPV 100%, 100%, and 100%; NPV 86.7% (95% CI 73.7 – 93.8%), 97.1% (95% CI 

84.7 – 99.5%), and 100%, respectively. 
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Upon excluding those with DE of the bowel ((+) POD obliteration/ (-) Bowel DE) with surgical 

visualization as the reference standard for the left USL, right USL, and TU, was as follows: 

Accuracy 93.2% (95% CI 81.3 – 98.6%), 95.5% (95% CI 84.5 – 99.4%), and 100% (95% CI 

92.0 – 100%); Sensitivity 82.4% (95% CI 56.5 – 96.2%), 71.4% (95% CI 29.0 – 96.3%), and 

100% (95% CI 47.8 – 100%); Specificity 100% (95% CI 87.2 – 100%), 100% (95% CI 90.5 – 

100%), and 100% (95% CI 91.0 – 100%); PPV 100%, 100%, and 100%; NPV 90.0% (95% CI 

76.3 – 96.2%), 94.9% (95% CI 85.2 – 98.4%), and 100%, respectively.  

  

Compared to all participants (n = 54), the diagnostic test accuracy scores for all three sites (left 

USL, right USL, and TU) amongst those without POD obliteration yielded similar 95% CIs for 

accuracies (95% CI 82.1 - 100% vs 95% CI 76.9 - 100%), specificities (95% CI 88.8 - 100% vs 

95% CI 86.8 - 100%), PPVs (95% CI 100% vs 100%) and NPVs (95% CI 76.1 - 100% vs 95% 

CI 73.7 - 100%), respectively. Similarly, relative to all participants, the diagnostic test accuracy 

scores for all three sites (LUSL, RUSL, TU) amongst those without bowel DE yielded similar 

95% CIs for accuracies (95% CI 82.1 - 100% vs 95% CI 81.3 - 100%), specificities (95% CI 

88.8 - 100% vs 95% CI 87.2 - 100%), PPV (95% CI 100% vs 95% CI 100%), and NPV (95% CI 

76.1 - 100% vs 95% CI 76.3 - 100%), respectively. Notably, the lower limit in 95% CIs for 

sensitivities widens for the left USL, right USL, and TU upon the exclusion of POD obliteration 

(95% CIs 42.8 - 100% vs 95% CIs 29.2 - 100%) and exclusion of bowel DE (95% CIs 42.8 - 

100% vs 95% CIs 29.0 - 100%). 

  

Discussion  
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Main Findings  

In this secondary analysis, utilizing data collected prospectively, we assessed the influence of 

commonly co-occurring complex disease states, such as POD obliteration and DE of the bowel, 

on the accuracy of TVS diagnoses of DE within the USLs and TU. Given the 95% CI overlap 

among sites and complex disease states relative to baseline parameters, the findings of this study 

suggest that the presence of complex disease states, including POD obliteration and DE of the 

bowel, did not directly impact the diagnostic accuracy in our centre. 

  

All diagnostic parameters for TU remained unchanged, irrespective of complex disease. Among 

all three sites relative to baseline, accuracy, specificity, PPV, and LR+ values remain largely 

unchanged. Reassuringly, when the disease was present on TVS, it was always detected 

surgically with no false positive results, irrespective of complex disease states. Interestingly, 

relative to baseline, there was a slight reduction in sensitivity for the left USLs upon excluding 

those with POD obliteration and DE of the bowel, from 82.6% (95% CI 61.2 – 95.1%) to 73.3% 

(95% CI 44.9 – 92.2%) and 82.4% (95% CI 56.6 – 96.2%), respectively. In comparison, the right 

USL showed an improvement in sensitivity upon excluding those with POD obliteration and 

reduction upon excluding DE of the bowel, from 75.0% (95% CI 42.8 – 94.5%) to 85.7% (95% 

CI 42.1 – 99.6%) and 71.4% (95% CI 29.0 – 96.3%), respectively. However, there was 

substantial overlap among the 95% CIs, with the lower limit of the sensitivity intervals widening, 

likely due to the reduction in sample size or exclusion of true positives among the sites, given the 

common occurrence of these complex states with DE nodules. Given the substantial CI overlap, 

it is unlikely there is a true clinically significant difference upon excluding those with complex 

disease states.  
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Interpretation and Significance 

The USLs remain the most common location of DE, with historically the lowest diagnostic 

accuracy among all anatomical sites described through TVS 7,9,23. Despite recent advancements, 

including our primary study suggesting an improved accuracy using a standardized posterior 

approach 15,16, no studies have reported the influence of complex disease states on the diagnostic 

accuracy of TVS for DE. Understanding the impact of these highly prevalent and co-occurring 

disease states is pivotal in surgical planning and gauging disease severity sonographically. In the 

case of severe endometriosis, the anatomical environment is typically distorted due to extensive 

adhesions 5,24. This hypothetically leads to difficulties in mapping and characterizing normal and 

diseased tissue, reducing diagnostic performance. Although we expected an improved accuracy 

upon excluding those with complex disease, this was not the case. Despite the increased 

challenge in scanning these patients and mapping all disease sites, we suspect the limited change 

of accuracy is a product of the enhanced critical investigative nature of the sonologist, instigated 

by the presence of obliteration and/or DE of the bowel. In other words, a red flag is raised when 

these severe states are recognized, and the sonologist makes concerted efforts to map other 

adjacent pathology. Moreover, the maintenance of strong diagnostic performance may also be 

secondary to the posterior approach technique with the positioning of the probe in the posterior 

vaginal fornix, which allows for closer proximity to disease sites.  

  

Reflecting on deficiencies in diagnostic test accuracy in this study and others, we may consider 

how the distorted anatomical environment and landmarks are heavily distorted in severe 

endometriosis, potentially yielding a discrepancy in where a nodule is labelled at ultrasound 
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versus surgery. We must consider that the left USL may not always feel tactile on sonographic 

assessment or even physical examination to be “left”. Normalizing anatomy through adhesiolysis 

and excision of other pathology (e.g. large endometriomas) throughout the surgery may result in 

a more accurate description of the location of the disease. However, it does not mean the 

ultrasound test did not correctly identify the presence of a specific site of endometriosis; instead, 

it only incorrectly labelled the location. It is most likely that this type of confusion will exist with 

the retrocervical structures, the USLs and TU, and potentially the peritoneum of the POD, which 

is in continuity with these structures. For example, it is possible that a nodule may be 

sonographically labelled as TU but surgically labelled as left USL or as TU and left USL. A 

potential solution to this dilemma is considering the entire USL/TU complex as one retrocervical 

complex (or a “horseshoe region”) from a diagnostic test accuracy perspective, particularly in 

POD obliteration. This may be particularly important in settings where the surgeon is not the 

sonologist, and discrepancies in the localization of a deposit could hypothetically result in false 

negative classifications of disease locations at surgery or unnecessary excision of regions 

believed to be impacted by DE. The unification of this as a singular location when both USLs are 

impacted would not diminish our ability to study concepts such as disease location and symptom 

correlation or etiology/pathophysiology. It is most likely appropriate to distinguish the horseshoe 

region from the POD peritoneum. Similarly, the bowel and vagina have distinctive anatomical 

landmarks, even in the context of severe disease, so it is our belief that these regions should be 

distinctly assessed and characterized, producing more clarity on disease localization.  

  

Strengths and Limitations 



M.Sc. Thesis – S.M. Freger; McMaster University – Medical Sciences 58 
 

This secondary analysis benefits from parallel strengths previously reported in the primary study, 

including adherence to the STARD guidelines, prospective recruitment, and use of high-quality 

ultrasound and surgical equipment. The study also benefits from the novel exploration of the 

impact of complex disease states on the diagnostic accuracy of TVS diagnosis of DE of the USLs 

and TU.  

  

Although our recent study suggested improved accuracy using a standardized posterior approach, 

several limitations were noted, which remain in this concurrent secondary study. Specifically, the 

generalizability may remain impacted given that the same highly trained surgeon-sonologist 

performed both TVS and surgeries, where future studies should incorporate an aspect of blinding 

and/or use experienced and inexperienced sonographers and surgeons. Similarly, this type of 

study should simultaneously be performed when the surgeon and the diagnostic imaging teams 

are entirely different. This would reveal gaps in our current technical approach and our language 

across the sonography and surgery spaces. Future studies should also consider including a 

comparison to a standardized anterior TVS approach in the presence of complex disease states, 

which may provide a less sonographically distorted view since the posterior approach yields a 

further stretch on the posterior compartment tissues. Lastly, it is likely that the origin of the 

extensive 95% CI overlap is due to the limited sample size of this study. It remains possible that 

even within our population, there may indeed be a difference in the diagnostic performance of 

TVS between the groups that are not identified due to methodologic limitations. However, the 

findings of this study initiate an important dialogue and can assist future studies with sample size 

calculations in evaluating complex disease states on diagnostic accuracy.  
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Conclusion  

The USLs and TU are common locations for DE and commonly exist in complex disease states, 

including POD obliteration and DE of the bowel. Despite the challenges posed by severe 

endometriosis, which distorts the anatomical environment with extensive adhesions, our results 

demonstrate strong diagnostic performance regardless of disease complexity. The findings of this 

secondary analysis elucidate the robustness of diagnosing and detecting DE through TVS using 

the posterior approach.  
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Table and Figure Captions 

  

Figure 1. Laparoscopic view of a distorted pelvic environment due to the presence of DE and POD obliteration. 

 

Legend: DE = Deep Endometriosis, FOAM = Focal Adenomyosis of the Outer Myometrium, POD = Pouch of 

Douglas  
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Table 1. The impact of surgically confirmed POD obliteration and DE of the bowel on the 

diagnostic accuracy of TVS diagnosis of DE of bilateral USLs and TU relative to baseline 

performance. 

  Left USL  Right USL  TU  

  Whole*  
n=54  

%  
(95% CI)  

(X) POD  
n= 41  

%  
(95% CI)  

(X) Bowel  
n=44  

%  
(95% CI)  

Whole*  
n=54  

%  
(95% CI)  

(X) POD  
n=41  

%  
(95% CI)  

(X) Bowel  
n=44  

%  
(95% CI)  

Whole*  
n=54  

%  
(95% CI)  

(X) POD  
n=41  

%  
(95% CI)  

(X) Bowel  
n=44  

%  
(95% CI)  

  

Accuracy  92.6%  
(82.1-97.9)  

90.2%  
(76.9-97.3)  

93.2%  
(81.3-98.6)  

94.4%  
(84.6-98.8)  

97.6%  
(87.1-99.9)  

95.5% 
(84.5-99.4)  

100%  
(93.4-100)  

100%  
(91.4-100)  

100%   
(92.0-100)  

Sensitivity  82.6%  
(61.2-95.1)  

73.3%  
(44.9-92.2)  

82.4%  
(56.6-96.2)  

75.0%  
(42.8-94.5)  

85.7%  
(42.1-99.6)  

71.4% 
(29.0-96.3)  

100%  
(63.1-100)  

100%  
(29.2-100)  

100%   
(47.8-100)  

Specificity  100%  
(88.8-100)  

100%  
 (86.8-100)  

100%  
(87.2-100)  

100%  
(91.6-100)  

100%  
(89.7-100)  

100%  
(90.5-100)  

100%  
(92.3-100)  

100%  
(90.8-100)  

100%  
(91.0-100)  

PPV  100%  
(-)  

100%  
(-)  

100%  
(-)  

100%  
(-)  

100%  
(-)  

100%  
(-)  

100%  
(-)  

100%  
(-)  

100%  
(-)  

NPV  88.6%  
(76.1-95.0)  

86.7%  
(73.7-93.8)  

90.0%  
(76.3-96.2%)  

93.3%  
(84.0-97.4)  

97.1%  
(84.7-99.5)  

94.9% 
(85.2-98.4)  

100%  
(-)  

100%  
(-)  

100%  
(-)  

LR+  -  -  -  -  -  -  -  -  -  

LR -  0.2  
(0.1-0.4)  

0.3  
(0.1-0.6)  

0.2  
(0.06-0.5)  

0.3  
(0.1-0.7)  

0.1  
(0.02-0.9)  

0.3  
(0.09-0.9)  

-  -  -  

 

*Baseline findings from an initial study conducted by Freger et al. (2023). 

Legend: CI = Confidence Interval, LR- = Negative Likelihood Ratio, LR+ = Positive Likelihood Ratio, n = number, 

NPV - = Negative Predictive Value, POD = Pouch of Douglas, PPV- = Positive Predictive Value, TU = Torus 

Uterinus, USL = Uterosacral Ligaments, X = Excluded from analysis  
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Chapter IV. Discussion  
 

Endometriosis is a challenging disease, burdened by a significant diagnostic delay, leading to 

short- and long-term consequences on the quality of life among those affected. One of the most 

significant contributors to this delay includes inadequate adoption and understanding of non-

invasive imaging modalities, notably TVS, with ongoing diagnostic limitations despite recent 

developments 27. Though OE is reliably diagnosable, and there have been notable improvements 

in several locales of DE 40, the most common locale, the USLs and TU, have maintained the 

lowest diagnostic accuracy using non-invasive imaging tests 38,39,55, exacerbating the diagnostic 

delay and limiting guided treatment.  

 

The prevailing method for diagnosing and characterizing endometriosis sonographically involves 

TVS probe placement within the anterior vaginal fornix. The performance and reporting of TVS 

are increasingly being done according to standards outlined in the landmark 2016 IDEA 

consensus. While effective for assessing the anterior and adnexal compartments, this standard 

“anterior” technique yields challenges in characterizing the posterior aspect, where the USLs and 

TU exist. The lower diagnostic accuracy associated with the USLs and TU may be attributed, in 

part, to methodological limitations inherent in an anterior approach, given the further proximity 

of the probe to posterior anatomical structures. 

 

In addition to methodological considerations, the evolution of DE classification guidelines 14 

introduces a degree of variability despite the standardization achieved through the IDEA 

consensus. Our current understanding of TVS diagnostic accuracy relies on literature that 
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adheres to the previous guidelines, defining DE as infiltration exceeding 5mm. The new 

classification, characterizing DE based on any level of infiltration, raises concerns about the 

alignment of previously reported accuracies with the current paradigm. Smaller nodules with 

limited infiltration, such as those measuring 1-2mm, traditionally pose more significant 

diagnostic challenges than extensively infiltrating nodules 39. While the size of nodules may not 

significantly impact our ability to diagnose sites with high accuracy, such as the bowel, it could 

markedly affect challenging locations like the USLs and TU, which have historically exhibited 

low accuracy. Given the methodological and standardization limitations, a critical reassessment 

of diagnostic performance is warranted, urging a nuanced approach to enhance the visualization 

of DE within the USLs and TU using TVS. 

 

In the work presented in this thesis, we introduce a novel posterior TVS approach for the 

diagnosis of DE of the USLs and TU, involving placement of the probe within the posterior 

vaginal fornix. Additionally, the index test evaluated in this study was performed and reported in 

adherence with the IDEA consensus and the novel classification guidelines for DE. The most 

recent study by Leonardi et al., involving a multisite comparison of TVS to both laparoscopy and 

histology for DE of the USLs and TU, showed a diagnostic performance of sensitivity of 44.4 – 

58.7% and specificity of 77.8 – 88.2% 39. In our current study, using the posterior TVS approach 

with the novel classification guidelines, the sensitivity was 75.0 – 100% and a specificity of 

100% among the three sites. Similar improvements were seen in predictive values. The multisite 

study suggested a PPV of 63.3 – 75.5% and NPV of 66.1 – 77.5%, whereas our study suggested 

a PPV of 100% and NPV of 88.6 – 100%.  

 



M.Sc. Thesis – S.M. Freger; McMaster University – Medical Sciences 68 
 

The observed increase in accuracy is likely attributed to the new technique, placing the probe 

within the posterior vaginal fornix, positioning it a few millimetres from the USLs and TU. 

However, it is crucial to acknowledge that various factors, such as using high-quality 

instrumentation, may also contribute to this improvement. Furthermore, while the TU exhibited 

the highest accuracy, followed by the right and left USL, these differences were subtle and 

inversely proportional to disease prevalence. Although it is plausible that the accuracy of TVS in 

diagnosing TU disease may be influenced by its low prevalence within our population, it is 

equally likely that it is, in fact, the most accurate site. Notably, the presence of 'horseshoe' 

nodules affecting both left and right USLs naturally directs a sonologist to investigate the TU 

critically.  

 

Lesion dimensions are seldom reported in literature solely evaluating diagnostic accuracy; 

however, the findings of our study using the novel DE classification suggest a mean level of 

infiltration among the left USL, right USL, and TU of 5.0mm (±3.0), 6.8mm (±4.8), and 5.6mm 

(±2.7), respectively. With lower infiltration limits reaching as low as 2mm, a large proportion of 

these nodules would have historically been considered SE and would have contributed to lower 

diagnostic accuracy. Interestingly, a prospective study by Koninckx et al. (1991), which involved 

laparoscopically evaluating the depth of nodule infiltration among patients with infertility, 

identified a similar depth of 2mm 81. Given that the infertility population is generally more 

representative than patients seen in advanced endometriosis centers 82, the similarities in nodule 

depth may suggest that our findings may have broader applicability compared to studies 

conducted solely in advanced endometriosis centers. 
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The work described in this thesis is the first to evaluate the impact of complex disease states on 

the diagnostic accuracy of TVS in diagnosing DE. The findings presented in this work suggest 

that the accuracy of the novel TVS approach remains unaffected by complex disease states in our 

center. The parameters, upon exclusion of these states, demonstrate a range of diagnostic 

performance: sensitivity from 71.4 – 100%, specificity at 100%, PPV at 100%, NPV 86.7 – 

100%, and an overall accuracy spanning from 90.2 – 100%, across all three locales. Although 

only subtle differences in accuracy parameters were noted, they are likely not clinically relevant.  

 

These results not only underscore the robustness of the novel posterior TVS approach in 

diagnosing DE of the USLs and TU but also highlight its resilience in the presence of co-

occurring complex disease states. The resilience may be similarly attributed to the new 

technique, given the proximity of the probe to the locales of interest. However, complex disease 

states typically raise a ’red flag’ to a sonologist, warranting further sonographic investigation for 

DE. Similarly, the findings of the present work set the foundation for a nuanced approach, where 

diagnostic accuracy studies and diagnosis within clinical settings should consider the entirety of 

the pelvis rather than siloed investigation of structures. The findings enhance our understanding 

of the dynamic nature of TVS and curate a crucial dialogue within the field, warranting similar 

studies among other sites and disease locales.  
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IV.I Strengths and Limitations 

 

The studies throughout the thesis are strengthened by robust methodological design for 

diagnostic test accuracy, adhering meticulously to the STARD guidelines 69 to enhance 

standardization in reporting. Simultaneously, adopting the QUADAS-2 70 checklist helped 

mitigate biases in patient selection, encompassing both index and reference tests, as well as flow 

and timing. Furthermore, the studies potentially benefited from a generalizable population to 

other tertiary centres, given that DE sizes reported in our study reflected others. Noteworthy is 

the dual benefit derived from the novelty of the approach and the investigative methods 

employed, contributing to the thesis's overall comprehensiveness and impact. 

 

While rigorous efforts were undertaken to ensure a robust study design, it is crucial to 

acknowledge limitations arising from inherent constraints within the field and the chosen study 

design. The primary limitation is that the same individual who conducted the index test also 

performed the reference standard. This introduces the possibility of observation and 

interpretation bias, where preconceptions formed during the index test may have influenced how 

the reference standard was executed or interpreted. That said, while surgical findings were 

unblinded, pathologists performing histological analysis were not subject to knowledge of the 

index test. Future studies would benefit from incorporating an element of blinding, ensuring that 

the index and reference tests are conducted by separate individuals blinded to the results. The 

generalizability of the methodology may also face limitations, considering that the surgeon-

sonologist possesses advanced training in diagnosing endometriosis. While this study may offer 

repetitive insights for experts in the field or endometriosis specialists sonologists, its findings 
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may not readily apply to generalist obstetrician-gynecologists or generalist radiologists. 

Subsequent studies should explore a combination of trained and untrained operators, including of 

different specializations, to enhance the generalizability of the findings. Additionally, this study 

did not account for intra- and inter-operator variability, a factor that should be considered in 

future investigations to enhance the generalizability of the results.  

 

The study faced limitations in its sample size, which was initially calculated based on the 

prevalence of left USL disease (as the most common site of DE in the entire body). Given the 

lower prevalence of both right USL and TU disease, it is conceivable that the study might not 

have been adequately powered equally for all sites. Considering this, the varying prevalences of 

disease in our study and others may affect our confidence in distinguishing differences among 

sites. Similar limitations persist in evaluating complex disease states. Though the aim of the 

study was largely explorative and hypothesis-driving for future studies, the secondary analysis 

was performed using the previous sample size without considering multiple comparisons or 

posthoc analysis. Future studies should prioritize a larger, adequately powered sample size to 

effectively determine diagnostic accuracy differences among less prevalent sites. 

 

An additional notable limitation arises from the absence of histology as a reference standard in 

certain circumstances. The challenge lies in the fact that healthy tissue is seldom removed, 

making it impossible to definitively diagnose true negatives histologically. In the cases of 

normal-appearing pelvic anatomy, the surgeon’s eyes alone acted as the reference standard, 

unlike the scenario in which abnormal findings were identified surgically, providing a 
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histological reference standard. Despite a strong alignment between the surgeon’s positively 

identified specimens and histological confirmation, notable discrepancies between surgeons and 

pathologists have been observed in literature 32. Consequently, a significant limitation within the 

field, evident in this study, is the potential discordance between surgeons and pathologists, 

relying on the assumption that the surgeon's diagnosis is correct. Lastly, in this study, our 

objective was to identify areas where the posterior TVS approach surpasses the diagnostic 

accuracy previously reported using an anterior approach. While our findings suggested 

improvement, a direct comparison between the posterior and anterior TVS approaches is 

necessary, which we did not complete.  

 

Conclusion  
 

Endometriosis, a prevalent chronic pain and inflammatory disease, imposes a substantial burden 

on the quality of life and often entails prolonged diagnostic delays among those affected. Despite 

advancements in diagnostic techniques, historically challenging sites, including the USLs and 

TU, continue to pose diagnostic challenges, with guideline changes further complicating our 

understanding of diagnostic accuracy among these locales. These challenges contribute to 

diagnostic delays, complicate surgical planning, and impose a considerable economic burden on 

healthcare systems. The findings presented in this thesis underscore the efficacy of a novel 

posterior approach in TVS, surpassing previous diagnostic accuracies. Secondary analyses 

corroborate the efficacy of the approach, demonstrating sustained accuracy in the presence of 

complex disease states. By highlighting advancements in diagnostic accuracy for endometriosis, 
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this thesis contributes valuable insights into improving patient care and mitigating the burdens of 

prolonged diagnostic delays. 
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