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Abstract 1 

Introduction: Numerous studies have shown that the diagnostic performance and 2 

reproducibility of visual recognition of endometriosis during laparoscopy are poor. The use of 3 

artificial intelligence seems relevant for exhaustive lesion recognition. Standardization of the 4 

visual classification of lesions, in the form of an ontology is an essential prerequisite to enable 5 

medical experts to annotate surgical data consistently and subsequently allow engineers to train 6 

and build an artificial intelligence tool for endometriosis recognition. 7 

Material and methods: A systematic search was conducted in the MEDLINE (via PubMed), 8 

EMBASE, and the Cochrane Library databases up to May 2022 aiming to identify studies 9 

describing the laparoscopic visual appearance of superficial endometriosis, endometriomas, and 10 

deep infiltrating endometriosis. The accumulated data in the literature concerning the visual 11 

appearance of the different forms of endometriosis were used to create an ontology that could 12 

be used for artificial intelligence applications. 13 

Results: Out of 932 articles screened, 35 studies were selected on the basis of the inclusion 14 

criteria of human subjects with histologically confirmed endometriosis lesions visualized via 15 

laparoscopy. The selected studies were reviewed to develop a visual ontology of endometriosis 16 

lesions observed via laparoscopy. The lesions were categorized into 4 classes and further 17 

subdivided into 11 subclasses: superficial (black, red, white, or subtle), adhesions (dense or 18 

filmy), deep (obliteration, retraction, or deformation), and ovarian (endometrioma or chocolate 19 

fluid). The positive predictive value (PPV) varied across lesion types: black lesions (PPV 47–20 

97%), red lesions (PPV 33–100%), white lesions (PPV 20–81%), and ovarian endometriosis 21 

(PPV 42–98%). Nonspecific lesions such as adhesions (PPV 16–50%) and subtle superficial 22 

lesions (PPV 0–67%) presented lower PPVs. Deep endometriosis lesions, often buried within 23 

organs, required indirect signs (obliteration, retraction, deformation) for identification. 24 
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Conclusion: The visual ontology proposed in this systematic search could facilitate the 25 

detection and classification of endometriosis lesions using artificial intelligence. This study 26 

highlights the challenges of reaching a consensus on lesion recognition and classification in AI 27 

projects due to the diverse visual presentations of endometriosis. 28 

  29 
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Introduction 30 

Laparoscopy allows for direct visual and histological assessment of endometriosis and 31 

is the only procedure that can definitively exclude the disease when imaging examinations are 32 

normal or inconclusive (1–3). However, numerous studies have shown that the diagnostic 33 

performance and reproducibility of visual recognition of endometriosis during laparoscopy are 34 

poor (4–8). The great diversity and subtle nature of the lesions, their small size, the variety of 35 

possible lesion locations and the fact that they can be buried within organs or behind the 36 

peritoneum are all factors that limit their recognition by surgeons and the standardization of 37 

surgical procedures (9–11). In addition, diagnostic accuracy is highly dependent on the 38 

surgeon’s level of experience and training in endometriosis surgery, leading to substantial inter-39 

operator variability and further limiting reproducibility (9,12).  40 

In this context, the use of artificial intelligence, particularly machine learning, seems 41 

relevant for exhaustive lesion recognition and standardization of surgical procedures. The 42 

accuracy of image recognition using artificial intelligence has dramatically increased in recent 43 

years (13). In a recently published proof-of-concept study, our group demonstrated the 44 

feasibility of automatic visual recognition of endometriosis during laparoscopy using artificial 45 

intelligence (14). The implementation of such an artificial intelligence project faces many 46 

obstacles, one of which is the absence of a reference system for the visual recognition of 47 

endometriosis lesions during laparoscopy. Standardization of the visual classification of 48 

lesions, in the form of an ontology (a class-based organization with representation, formal 49 

naming, and definitions), is therefore an essential prerequisite to enable medical experts to 50 

annotate surgical data consistently and subsequently allow engineers to train and build an 51 

artificial intelligence tool for endometriosis recognition. 52 

The objective of this study was to conduct a systematic search of the of the literature 53 

regarding the laparoscopic visual descriptions of endometriosis lesions and to propose a 54 
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standardized visual ontology that can serve as a reproducible framework for expert annotation 55 

and for AI-based lesion recognition. 56 

Materials and methods 57 

Literature search 58 

We conducted a systematic search of the literature using the PRISMA 2020 criteria 59 

(Page et al., 2021). Two of the authors (A.N. and F.D.) independently searched the MEDLINE 60 

(via PubMed), EMBASE, and the Cochrane Library databases until May 2022 aiming to 61 

identify studies describing the laparoscopic visual appearance of superficial endometriosis, 62 

endometriomas, and deep infiltrating endometriosis. The complete search strategy—including 63 

all Boolean queries, the database-specific adaptations, and the rationale for term selection—is 64 

given in Supplementary Material 1. To ensure comprehensiveness, we also manually 65 

screened the reference lists of all included articles for additional studies meeting the inclusion 66 

criteria. The protocol for this literature search was registered in the PROSPERO international 67 

prospective register of systematic reviews (Registration number: PROSPERO 2022 68 

CRD42022354949). 69 

Inclusion and exclusion criteria 70 

We selected articles published in English in scientific journals with guaranteed peer 71 

review and book chapters. Articles were only retained when their abstract clearly suggested that 72 

the authors aimed to provide a structured or intentional description of the laparoscopic 73 

appearance of endometriotic lesions. 74 

Eligibility criteria 75 

We included randomized controlled trials, prospective or retrospective cohort studies, 76 

literature reviews and meta-analyses. Case reports, case series and letters to the editor were also 77 

included, provided that they reported relevant information. 78 

Selection of studies 79 
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 Two of the authors (A.N. and F.D.) independently conducted the first selection by 80 

eliminating articles whose title or abstract suggested that they dealt with themes too far from 81 

the scope. After this initial screening, the full texts of the remaining articles were examined, 82 

and all relevant articles and their references were carefully analyzed to identify any material 83 

possibly suitable for inclusion in the study. 84 

Positive Predictive Values  85 

When available, positive predictive values (PPVs) were extracted or derived from the 86 

included studies as the proportion of visually identified lesions that were histologically 87 

confirmed as endometriosis. For each lesion type, PPVs were calculated based on the data 88 

reported by the original authors, using histological confirmation as the reference standard. Due 89 

to heterogeneity in study designs and reporting, PPVs are presented as ranges (minimum–90 

maximum) rather than pooled estimates. 91 

Ontology 92 

 The accumulated data in the literature concerning the visual appearance of the different 93 

forms of endometriosis were used to create an ontology that could be used for artificial 94 

intelligence applications. The ontology is used to limit the complexity and organize the data 95 

into classes with representation, formal naming, and definitions. It is a formal explicit 96 

description of classes and their properties in a domain of discourse. An ontology together with 97 

a set of individual instances of classes constitutes a knowledge base (15). The aim of this way 98 

of organizing the data is to precisely define the parameters that allow the different types of 99 

endometriosis to be differentiated visually. This step is crucial in the context of machine 100 

learning for obtaining reasoned learning on the basis of real knowledge (16). 101 

Video Database  102 

To support the development of the present classification system, we relied on an international 103 

multicenter database of laparoscopic videos specifically created for our broader artificial 104 
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intelligence project (IRB: 58723-4/2016/EKU). This database includes prospectively recorded 105 

surgical procedures from four expert centers, with standardized exploratory sequences of the 106 

pelvic cavity. In the context of the present study, the video dataset was used for two main 107 

purposes: (i) to informally verify that each lesion described in the literature could be assigned 108 

to a specific class within the proposed ontology, ideally in a non-ambiguous manner; and (ii) 109 

to extract representative still frames used to illustrate the different lesion types. A detailed 110 

description of the video database and its structure is provided in the companion article submitted 111 

alongside this manuscript. 112 

 113 

Results 114 

Studies included 115 

 The initial literature search revealed 932 articles (Figure 1). After an initial reading of 116 

the titles and abstracts, 42 articles were deemed relevant, and the manuscripts of 41 articles 117 

were read in full. The manuscript of one article dating from 1989 could not be obtained (17). 118 

Following this reading, 35 articles were included in this search (Table 1). Most articles relevant 119 

to the visual description of endometriosis via laparoscopy concern superficial endometriosis, 120 

with only a few articles concerning other visual appearances (microscopic endometriosis, 121 

adhesions, endometrioma or deep endometriosis). 122 

Superficial endometriosis 123 

Black superficial lesions (typical) 124 

Superficial endometriosis is classically defined as infiltration of the peritoneum to a 125 

depth of less than 5 mm. Several authors have also proposed a limit of 2 mm or less, defining 126 

depths between 3 and 4 mm as intermediate infiltrations (18). These superficial endometriotic 127 

lesions include a wide variety of visual manifestations that are often classified as typical (or 128 

black lesions) or atypical or nonpigmented (other lesion types) (19–21). 129 
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The black superficial lesions, which are easily identifiable, are the most frequently and 130 

earliest described lesions in the literature (Table 2). The prevalence of these lesions in patients 131 

undergoing laparoscopy for infertility and/or pelvic pain is approximately 40% according to 132 

two studies (21,22). These typical lesions have excellent diagnostic value for the presence of 133 

endometriosis when identified by a surgeon during laparoscopy; most studies have shown a 134 

positive predictive value (PPV) over 85% based on histological confirmation (20–25). 135 

Histologically, typical black lesions are the result of old tissue bleeding followed by the 136 

retention of blood pigments. They therefore contain a combination of glands, stroma and 137 

intraluminal debris surrounded by a fibromuscular matrix (26,27). 138 

Atypical superficial lesions 139 

 John Fallon et al. first described nonblack endometriotic lesions as colorless 140 

“amenorrheic” lesions in 1950 (28). In 1969, Karnaki published an age-dependent appearance 141 

starting with an initial water blister (29). By 1980, this was seen as common in adolescents (30). 142 

In 1986, Jansen et al. and Russell reported that more than half of patients who underwent 143 

laparoscopic surgery for endometriosis had atypical nonpigmented lesions (19). The different 144 

lesions described were as follows: white opacification of the peritoneum, 81% of which were 145 

histologically confirmed as endometriosis; "red flamelike" lesions also histologically confirmed 146 

in 81% of the biopsies; "glandular excrescences" (67% histologically confirmed); subovarian 147 

adhesions (50% histologically confirmed); "yellow‒brown patches" (47% histologically 148 

confirmed); and circular peritoneal defects (45% histologically confirmed). 149 

 In the decade following this 1986 description, these so-called "atypical" or "subtle" 150 

lesions were widely reported by many authors, who used a wide variety of different 151 

terminologies to describe them (Table 3). Several authors have distinguished typical black 152 

lesions from other lesions; these lesions are therefore described as atypical, whereas others 153 

speak of pigmented, nonpigmented and undefined lesions (31–33). Finally, many authors, to 154 
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varying degrees and nuances, have used qualifiers by color: "black," "red," "white" and 155 

"subtle." Each lesion color comprises numerous subtypes whose differentiation is very difficult 156 

to clearly appreciate through the articles (26,34–39). The diagnostic value of identifying these 157 

atypical lesions by laparoscopic surgeons is highly variable depending on the article and the 158 

type of lesion. It seems to be generally lower than that of typical black lesions (Table 4). 159 

However, the PPV for the identification of red lesions seems to be greater than that for other 160 

types of atypical lesions (19,23,24). 161 

 Atypical lesions each have a different visual appearance and histological 162 

characterization, which calls into question the value of grouping them in a common class 163 

(20,26,27,40–42). Red lesions are thus active, proliferative endometriosis lesions consisting of 164 

glands and stroma with developed neovascularization and are often associated with recent 165 

intralesional bleeding (20,27,41,43). On the other hand, white lesions are poorly vascularized, 166 

often inactive, often nonproliferative, and consist mainly of fibrosis and some degree of 167 

pigmentation (41). The whitish opacity of the peritoneum consists of a retroperitoneal 168 

endometrial glandular structure associated with a poorly developed stroma surrounded by 169 

fibrotic tissue (27,40). Sometimes a hemosiderin blood pigment is present, which results in the 170 

appearance of yellow‒brown or café-au-lait patches. 171 

Visual ontology of superficial lesions 172 

 The synthesis of data from the literature allowed us to establish a visual ontology of 173 

superficial endometriosis lesions, as shown in Figure 2. The lesions are thus divided into 5 174 

visual classes: microscopic (invisible), subtle, red, black and white. Some classes include the 175 

main subtypes found in the literature (10 in all); an attempt has been made to group the 176 

synonyms assumed in the articles under a single subtype. A synthetic description of the 177 

histology of each subtype is also provided. 178 

Adhesions 179 
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 In the context of endometriosis, adhesions are usually differentiated according to their 180 

density and transparency (19,20,44,45). Therefore, adhesions can be dense or filmy, depending 181 

on their transparency, and some filmy adhesions can act as bridges for vessels. The 1985 revised 182 

American Fertility Society (AFS) classification takes up this distinction, granting a different 183 

number of points for the two types of adhesions (46). Adhesions have no specific characteristics 184 

that would allow them to be differentiated from adhesions of infectious or surgical origin (which 185 

are also frequently observed in patients with endometriosis). Although they can occur at any 186 

location in the peritoneal cavity, subovarian adhesions are more specifically described for 187 

endometriosis by many authors (6). They are thought to be the consequence of an inflammatory 188 

reaction induced by active lesions (27). Because they are not very specific, the rate of 189 

histological confirmation of the endometriotic nature of adhesions is generally low, ranging 190 

from 16 to 50%, depending on the study (Table 5). 191 

Endometriomas 192 

Very few articles have described the laparoscopic visual characteristics of 193 

endometriomas, which are classically recognized on imaging before surgery (by MRI or 194 

ultrasound) (47). In 1991, Vercellini et al. reported that endometriomas could be visually 195 

recognized laparoscopically with a set of 4 criteria: (i) had an ovarian cyst measuring less than 196 

12 cm, (ii) had adhesions to the pelvic sidewall and/or broad ligament, (iii) had typical black 197 

superficial lesions on the surface, and (iv) had thick chocolate-colored "tarry" contents (48). 198 

According to the present study, these characteristics allow identification by surgeons in 97.5% 199 

of patients with histological confirmation. In a 1990 study of 41 ovarian cysts, Martin and Berry 200 

noted that 5 cysts (12%) were wrongly considered to be endometriomas during surgery, whereas 201 

on histology, they were corpus lutea or corpus albicans (49). The authors gave their 202 

laparoscopic description of the endometrioma as follows: "flattened white internal lining with 203 

irregular raised red or red and brown streaks scattered throughout the internal wall" (49). Other 204 
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studies also reported excellent PPVs for the recognition of endometriomas by surgeons via 205 

laparoscopy (79.5 to 97.7% (Table 6)) (48,50–53). 206 

Deep endometriosis 207 

Fewer than 10 studies have described the visual appearance of deep endometriosis 208 

during laparoscopy (54). Usually, deep endometriosis is recognized primarily by clinical 209 

examination and palpation or by medical imaging (magnetic resonance imaging (MRI) or 210 

ultrasound), which is increasingly sensitive (22,24,55). As early as 1979, the American Fertility 211 

Society (AFS) classified the presence of dense adhesions obliterating the cul-de-sac as a 212 

criterion for the severity of endometriosis (56). In 1990, Cornillie et al. reported that because 213 

of two-dimensional vision and limited palpation sensitivity, the depth of deep endometriosis 214 

lesions is difficult to assess by laparoscopy (18). According to these authors, retraction of the 215 

peritoneum at the surface is the only clue for identifying lesions. In a subsequent publication, 216 

Koninckx and Martin retrospectively analyzed 136 deep endometriotic lesions (histological 217 

slides and laparoscopy photographs). They concluded that there were three forms of deep 218 

endometriosis: (i) a conical form, suggesting an infiltration mechanism; (ii) a form covered with 219 

adhesions, suggesting a retraction mechanism; and (iii) a spherical form, most of which is 220 

buried under the peritoneum. The authors also noted that the volume of lesions of types (ii) and 221 

(iii) could not be properly appreciated visually from the peritoneal cavity since they were buried 222 

under adhesions and within the peritoneum itself, respectively (57). Later, Donnez et al. 223 

described two additional procedures for identifying deep endometriotic lesions via laparoscopy: 224 

obliteration of the space and deformation of the organs (58,59). 225 

The matter of visualizing deep endometriosis has also arisen more recently. Several 226 

authors have reported that certain deep endometriotic lesions, particularly rectal nodules, are 227 

identifiable only by palpation and cannot be visualized (60–62). Roman et al. estimated that in 228 

approximately 25% of patients undergoing bowel resection, there are nonvisible but palpable 229 
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satellite lesions measuring up to 1 cm that may be more than 2 cm away from the initial 230 

identified lesion (10). 231 

Visual ontology of endometriosis 232 

 The data cited above were correlated with our surgical video database to establish 233 

correspondences with the different types of lesions observed to verify that each lesion could be 234 

reasonably assigned to a specific class, with minimal ambiguity. This work made it possible to 235 

construct a visual ontology of endometriosis according to 4 visual classes, which were 236 

subdivided into 11 subclasses (Figure 3). Superficial endometriosis was further subdivided into 237 

8 additional visual categories (considering that endometriosis on the normal peritoneum 238 

(invisible) is not a visual category and that the 'black' category does not contain any additional 239 

subcategory) (Figure 2). 240 

Discussion 241 

We have presented a systematic search of the visual descriptions of endometriotic 242 

lesions under laparoscopy. This article represents the methodological foundation of a broader 243 

AI-based project whose next stage involved the automatic segmentation and classification of 244 

endometriotic lesions using deep learning (14). Here, we focus specifically on the conceptual 245 

and visual framework required to ensure robust and reproducible human annotation — a critical 246 

yet often neglected prerequisite in AI model development. This structured ontology, grounded 247 

in surgical expertise, enables the precise definition of classes that guide image annotation and 248 

improve model interpretability. 249 

In this search, we propose a focused visual ontology with 4 main visual classes, which 250 

may serve as the basis for the automatic detection and recognition of endometriosis via artificial 251 

intelligence. With respect to superficial endometriosis, our search of the literature revealed that 252 

many terms have been used to describe variations in color and shape. Although the depth of 253 

infiltration cannot be reliably assessed from the peritoneal cavity alone, and the designation of 254 
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a lesion as “superficial” may therefore be uncertain, we chose to retain this category within the 255 

ontology. This decision was motivated by its widespread clinical use, its relevance for surgical 256 

decision-making, and the need for the ontology to remain interpretable by a broad range of 257 

clinicians. We retained 4 main visual subclasses according to the 3 most commonly used colors 258 

(black, red, white), and the other lesions were grouped together as "subtle endometriosis." 259 

Although the term subtle has already been used in the literature to describe any form of 260 

superficial endometriosis other than black, we have chosen to use it to describe lesions that do 261 

not correspond to any of the three dominant colors. We chose not to use the term atypical, as 262 

we felt that there were too many different visual aspects of endometriosis for any one form to 263 

be considered typical. It would appear that these forms are the least frequently histologically 264 

confirmed and can therefore legitimately be described as subtle. We then used findings from 265 

our video database to subdivide the main classes, obtaining a total of 9 classes. It was clear 266 

from the literature and our videos that a distinction had to be made between dense and filmy 267 

adhesions. With respect to the description of deep endometriosis, 3 visual subclasses, which are 268 

most often found in the literature (deformation, retraction, obliteration), were distinguished. 269 

This differentiation is debatable because it appears obvious when reviewing our video database 270 

that these visual aspects are not mutually exclusive but are often associated to various degrees. 271 

Notably, deep endometriotic lesions are frequently centered on one or more superficial lesions, 272 

and this visual aspect is sometimes easier to detect. Finally, with respect to ovarian 273 

endometriosis, we have used the consensual term "endometrioma," although it should be noted 274 

that this type of cyst is not always directly visible because it can be hidden beneath the ovarian 275 

cortex and can be confused with a hemorrhagic corpus luteum. 276 

Our ontology includes a wide range of lesion types, including subtle or nonpigmented 277 

forms whose clinical relevance remains uncertain. We consider this to be a faithful reflection 278 

of real-life surgical experience. Furthermore, comprehensive lesion recognition is a prerequisite 279 
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for any diagnostic application. This approach may also enable future studies to correlate lesion 280 

subtypes or volumes with symptoms or outcomes, thereby refining our understanding of their 281 

clinical significance. 282 

In a previously published companion paper (14), this visual ontology was applied to 283 

develop an AI-based system for automated recognition of endometriosis lesions during 284 

laparoscopy. To illustrate how the lesion-specific predictive values reported in the literature 285 

relate to automated recognition, Table 7 provides a contextual comparison between the positive 286 

predictive values (PPVs) of surgeons visual diagnosis and the precision achieved by the AI 287 

model trained using this ontology. 288 

One might reasonably expect that lesion types with the highest PPVs in the literature—289 

reflecting higher histological specificity for endometriosis—would also be those most 290 

accurately recognized by AI. This assumption appears to hold true to some extent for black 291 

superficial lesions, as well as for white and subtle lesions, for which AI precision values are 292 

broadly consistent with the ranges of human PPVs reported in the literature. 293 

In contrast, the markedly lower AI precision observed for red superficial lesions is 294 

unexpected given their relatively high PPVs in several surgical series. This discrepancy may 295 

reflect the limited visual specificity of red coloration in laparoscopy, where erythema, vascular 296 

structures, inflammation, or bleeding are ubiquitous and may confound automated recognition. 297 

A similar observation applies to ovarian endometriosis, where AI precision appears lower than 298 

human PPVs, potentially related to the explicit separation of endometriomas and chocolate fluid 299 

as distinct visual classes in the AI study, whereas these entities are often implicitly grouped 300 

together in surgical practice and in the literature. 301 

Conversely, AI-based recognition of adhesions demonstrated relatively high precision 302 

despite low PPVs reported in the literature based on systematic histological confirmation. This 303 

apparent contradiction highlights a fundamental difference in reference standards: while the 304 
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literature evaluates visual diagnosis against a histological ground truth, the AI model was 305 

trained and evaluated using expert visual annotations as its reference standard. For lesions with 306 

poor histological specificity but consistent visual patterns, such as adhesions, this visually 307 

defined ground truth may therefore overestimate AI performance when compared with a 308 

histological reference standard.  309 

Computer vision methods based on machine learning can classically accomplish 4 types 310 

of tasks on an image: (i) classification (e.g., presence or absence of endometriosis); (ii) object 311 

detection (e.g., spatial localization of endometriosis by a bounding box); (iii) semantic 312 

segmentation (e.g., precise delimitation of an endometriosis lesion pixelwise); and (iv) instance 313 

segmentation (e.g., precise delimitation of different endometriosis lesions). This type of project 314 

requires the implementation and training of an artificial neural network. This training is 315 

necessarily guided by human identification of the structures to be recognized. In concrete terms, 316 

this will require surgeons to precisely identify and annotate endometriosis lesions on a massive 317 

number of laparoscopic images (typically, between 10,000 and 100,000). A simple, consensual 318 

and exhaustive ontology is an essential prerequisite for this work. Notably, this massive number 319 

of images makes it unreasonable to attempt to histologically verify the presence of 320 

endometriosis for each lesion. Therefore, the veracity of the annotation will depend exclusively 321 

on the PPV of visual lesion identification. According to the present literature review search, the 322 

PPV varies according to the type of lesion: excellent for endometriomas and black lesions but 323 

much weaker for adhesions and subtle lesions, which are not very specific for endometriosis 324 

(19,22,23,44,48). These PPV values must be interpreted with caution. Histological 325 

confirmation is known to be imperfect: false negatives may result from superficial sampling, 326 

tissue degradation, or difficulties in histological interpretation. Even lesions considered highly 327 

specific, such as endometriomas or black peritoneal implants, may lack identifiable endometrial 328 

tissue. In this review, no predefined standards were applied regarding histological confirmation, 329 
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as the included studies varied widely in their methods and reporting. This heterogeneity 330 

represents a limitation of our approach, which relied on the authors’ statements of histological 331 

confirmation. Identifying deep endometriosis on the surface of organs is sometimes difficult 332 

but is nonetheless possible by indirect means involving three methods: retraction and/or 333 

deformation of the organs involved and obliteration of the spaces.  334 

This work combines a structured literature review with the construction of a visual 335 

ontology, offering a rigorous and reproducible framework for the annotation of endometriosis 336 

lesions. By integrating historical classifications with detailed visual descriptors, it lays a solid 337 

foundation for the development of AI-based recognition tools. However, this approach has 338 

several limitations. The video database was used informally to verify the robustness of the 339 

proposed ontology and to generate illustrative images. However, this approach did not follow 340 

a formal methodological framework. A more rigorous validation, involving independent expert 341 

review and a data saturation process, could be considered in future work. Additionally, the 342 

majority of included studies were published between the late 1980s and early 2000s, reflecting 343 

historical perspectives that may not fully align with current surgical understanding. Moreover, 344 

the reliance on histological confirmation introduces a potential risk of false negatives, 345 

particularly in the case of subtle or superficial lesions. Finally, several included studies 346 

originated from the same authors or institutions, particularly among older publications, raising 347 

the possibility of overlapping patient populations. Although this could affect the reliability of 348 

aggregated quantitative data, we only reported ranges (minimum–maximum), thereby 349 

minimizing the impact of such potential redundancies. 350 

This search thus reveals predictable difficulties for visual identification without 351 

anatomopathological verification: (i) a predictable lack of veracity for certain nonspecific 352 

lesions, (ii) a reproducibility between annotators negatively impacted by a high number of 353 

classes and a differentiation between fragile classes, and (iii) a difficult delimitation of lesions 354 
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whose contours may be poorly marked (subtle lesions, deep lesions), especially in the absence 355 

of tactile feedback such as palpation of indurations during laparoscopy. 356 

In addition to highlighting the foreseeable difficulties, this literature search confirms the 357 

relevance of the project. Three objectives emerge from the design of an endometriosis 358 

recognition algorithm: (i) to improve the PPV for the recognition of subtle lesions in particular; 359 

(ii) to achieve a diagnostic performance equivalent to that of an expert, regardless of the 360 

surgeon's level of experience; and (iii) to increase the completeness of lesion excision during 361 

the surgical procedure. 362 

In conclusion, the present study established a systematic and relatively simple but 363 

complete ontology of the different visual aspects that endometriosis exhibits during 364 

laparoscopy. By synthesizing heterogeneous descriptions from the literature into a coherent 365 

framework, this ontology addresses a critical prerequisite for reproducible visual interpretation, 366 

expert annotation, and both clinical and research applications. 367 
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- Powder-burn

- gunshot
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vascularization   
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description 
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Vascularization and
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Enclosed implant
surrounded by fibrosis (with

intraluminal debris and
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Unknown activity
and vascularization Variable activity and vascularization  High activity

and vascularization

Fibrotic nodule  White opacification

 the white, fibrous, sometimes calcified scar representing
inactive and healed lesions

Papular/Glandular
excressence: 

 - polypoid 
 - apparently solid

 - fine vascularization of
surrounding peritoneum.

- translucent 
- resemble the mucosal

surface of the endometrium 

Red vesicle/red vesicular
excrescences/ Red
flamelike lesions:  

- Elevated blister or bleb
-pink to red 

-extravasation of blood
beyond the limits 

One or more active distended endometrial glands surrounded
by stroma and its vascularization and covered by mesothelium 

Yellow-brown patches: 
- café au lait 

Enclosed implant
surrounded by fibrosis +
heamosiderin from blood

pigment

Clear vesicle

Connective tissue with
sparse endometrial glands 

Peritoneal defect
/Pseudo-pockets

endometrial glands in 50% 

Petechial peritoneum
Hypervascularization 

Numerous red blood cells,
rare endometrial glands,

hypervascularization

Normal peritoneum 

Evolution in time 



Endometriosis

Superficial Deep infiltratingAdhesions
PPV = 16 - 50%

Ovarian
PPV = 79 - 98%

Subtle
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Red
PPV = 33 - 100%

Black
PPV = 47 - 97%

White
PPV = 20 - 91%

Filmy

Dense

Obliteration

Retraction
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Table 1: Studies included in the review  

Authors, year  Country  Type of study  Sample size - Population type 

Chatman et al., 1981 USA Prospective, descriptive 635 patients. 

Laparoscopy for pelvic pain and infertility. 

Vasquez et al., 1984 Belgium Prospective, descriptive 37 patients. 

Laparoscopy for infertility. 

Murphy et al., 1986  USA Prospective, descriptive 15 peritoneal biopsies. 

Laparoscopy for infertility. 

Jansen et al., 1986  Australia Prospective, descriptive 137 biopsies, 77 patients. 

Laparoscopy for infertility, pelvic pain or tubal sterilization. 

Vernon et al., 1986  USA Prospective, descriptive 14 patients 

Laparoscopy for endometriosis resection 

Stripling et al., 1988  USA Retrospective, 

descriptive 

109 patients - 164 biopsies. 

Laparoscopy with postoperative diagnosis of endometriosis. 

Redwine, 1988  USA Prospective, descriptive 33 patients. 

Laparoscopy for pelvic pain. 

Redwine, 1989 USA Literature review - 



Martin et al., 1989  USA Retrospective then 

prospective, descriptive 

1440 patients. 

Laparoscopies performed by the same surgeon. 

Nisolle et al., 1990  Belgium Prospective, descriptive 118 patients. 

Laparoscopy for infertility. 

Cornillie et al., 1990  Belgium Prospective, descriptive 179 patients. 

Laparoscopy for infertility and/or pelvic pain. 

Moen et al., 1992  Norway Prospective, descriptive 153 patients. 

Laparoscopy for infertility or pelvic pain. 

Nezhat and Nezhat, 1992  USA Prospective, descriptive 216 "hemorrhagic cysts". 

Wiegerinck et al., 1993  Belgium Prospective, descriptive 40 patients. 

Laparoscopy before and 6 months after cessation of medical treatment of endometriosis. 

Brosens et al., 1993  Belgium Literature review - 

Brosens et al., 1994  Belgium Prospective, descriptive 51 patients. 

Laparoscopy in patients with "chocolate cysts 

Balasch et al., 1996  Spain Prospective, descriptive 

 

100 patients - 119 biopsies. 

Laparoscopy for infertility, pelvic pain or tubal sterilization. 

Donnez et al., 1996  Belgium Prospective, descriptive Number of patients not specified. 



Laparoscopy for pelvic pain or infertility. 

Brosens et al., 1997  Belgium Literature review - 

Shafik et al., 2000  United 

Kingdom 

Prospective, descriptive 62 patients - 150 biopsies. 

Laparoscopy for pelvic pain. 

Walter et al., 2001  USA Prospective, descriptive 44 patients. 

Laparoscopy for pelvic pain. 

Stratton et al., 2002  USA Prospective, 

descriptive, multicenter 

65 patients - 189 biopsies. 

Laparoscopy for pelvic pain then laparoscopy 6 months later. 

Wood et al., 2002  Australia Retrospective, 

descriptive 

215 patients.  

Laparoscopy with postoperative diagnosis of endometriosis. 

Redwine, 2003  USA Literature review - 

Buchweitz et al., 2003 USA Retrospective, 

descriptive 

118 patients - 311 biopsies. 

Laparoscopy for pelvic pain or infertility. 

Donnez et al., 2003  USA Review of literature - 

Mettler et al., 2003  Germany Retrospective, 

descriptive 

164 patients. 

Laparoscopy for suspected endometriosis. 

Wykes et al., 2004  USA Literature review - 



Marchino et al., 2005  Italy Prospective, descriptive 54 patients, 122 biopsies. 

Laparoscopy for pelvic pain. 

Nascu et al., 2006  Canada Prospective, descriptive 37 patients. 

Laparoscopy for pelvic pain  

Albee et al., 2008  USA Prospective, descriptive 512 patients, 2005 biopsies. 

Laparoscopy for pelvic pain. 

Kazanegra et al., 2008  USA Retrospective, 

descriptive 

156 patients, 238 biopsies. 

Laparoscopy for pelvic pain. 

Stegmann et al., 2008 USA Prospective, descriptive 133 patients, 611 biopsies.  

Laparoscopy for pelvic pain  

Khan et al., 2013  Japan Retrospective  151 patients with endometriosis - 62 women without visible endometriosis 

Gubbels et al., 2020 USA Retrospective, 

descriptive 

142 patients. 

Laparoscopy for chronic pelvic pain. 

 
 
 
 
 
 



 
Table 2: Histological confirmation rates of typical black lesions  

Authors, year Frequency, %. Number of biopsies PPV, %. 

Stripling et al., 1988  - 95 97 

Martin et al., 1989  46 35 94 

Nisolle et al., 1990  - 86 93 

Moen et al. 1992  - 25 76 

Walter et al. 2001  40 20 85 

Stratton et al. 2002  - - 47 

Mettler et al. 2003  - - 92 

Marchino et al. 2005  - - 64 

Stegmann et al., 2008 - 150 62 

 
 
 
PPV = Positive Predictive Value 



 
 
Table 3: Terminologies used to describe the different types of atypical 

endometriosis lesions  

 Terminologies Authors, year 

R
e

d
 l

e
s
io

n
s
 

Red Martin et al., 1989 

Stratton et al., 2002 

Shafik et al., 2000  

Vernon et al., 1986  

Stegmann et al., 2008 

Vesicular red Walter et al., 2001 

Moen et al., 1992 

Brosens et al., 1997 

Red papule Wiegerinck et al., 1993 

Brosens et al., 1997 

Pink lesions Shafik et al., 2000 

Reddish brown Vernon et al., 1986 

Red flamelike lesions Jansen et al., 1986 

Nisolle et al., 1990 

Donnez et al., 1996 

Brosens et al., 1997  

Red polypoid lesions Martin et al., 1989 

Stripling et al., 1988  

Peritoneal petechiae Nisolle et al., 1990 

Donnez et al., 1996 

Brosens et al., 1997  

Hemosiderin  Stripling et al., 1988  

Hemorrhagic lesions Marchino et al., 2005 



Brosens et al., 1997 

Hypervascularized 

area 

Nisolle et al., 1990 

Donnez et al., 1996 

Brosens et al., 1997 

Glandular growths Jansen et al., 1986 

Nisolle et al., 1990 

Donnez et al., 1996 

W
h

it
e
 l
e

s
io

n
s
 

White opacities Jansen et al., 1986 

Nisolle et al., 1990 

Donnez et al., 1996 

Stratton et al., 2002 

Shafik et al., 2000 

Brosens et al., 1997  

White scars Martin et al., 1989 

Stripling et al., 1988  

Scar tissue Wood et al., 2002 

Walter et al., 2001 

Moen et al., 1992 

Marchino et al., 2005 

White vesicles Martin et al., 1989 

Macula Wiegerinck et al., 1993 

S
u

b
tl

e
 l
e

s
io

n
s
 

Yellow-brown Patches Jansen et al., 1986 

Nisolle et al., 1990 

Donnez et al., 1996 

Walter et al., 2001 

Moen et al., 1992  

Peritoneal defects Jansen et al., 1986 



Nisolle et al., 1990 

Donnez et al., 1996 

Walter et al., 2001 

Stratton et al., 2002 

Moen et al., 1992 

Chatman et al., 1981 

Brosens et al., 1997 

Cribriform peritoneum Brosens et al., 1997 

Peritoneal pouches Martin et al., 1989 

Marchino et al., 2005. 

Clear vesicles Martin et al., 1989 

Moen et al., 1992 

Brown vesicles  Martin et al., 1989 

Brown fibrotic lesions Martin et al., 1989 

Vesicular lesions Wood et al., 2002 

Walter et al., 2001 

Shafik et al., 2000 

Marchino et al., 2005 

Papular lesions Marchino et al., 2005 

Subovarian adhesions Jansen et al., 1986 

Nisolle et al., 1990 

Donnez et al., 1996 

Walter et al., 2001 

Brosens et al., 1997 

 
 
 
 



 
 
 
Table 4: Positive predictive value (PPV) of visual diagnosis of atypical endometriosis lesions at laparoscopy 

Authors, year Types of lesions 

Red White Yellow-

brown 

Peritoneal defects Glandular Vesicle Papule Hemorrhagic 

Chatman et al., 1981 - - - 30,3% (192/635) - - - - 

Jansen et al., 1986 81% (13/16) 81% (45/52) 47% (9/18) 45% (5/11) 67% (14/21) - - - 

Stripling et al., 1988 75% 91% - - - - - - 

Martin et al., 1989 Polypoid: 75% 

(9/12) 

 

Flat: 33% 

(4/12) 

 

Raised: 33% 

(2/6) 

80% (16/20) - - - - - - 



Moen et al., 1992 Red or clear papules: 57% 

(13/23) 

- 12% (3/26) - - - - 

Walter et al., 2001 61% (11/18) 25% (8/32) 50% (1/2) 0% (0/3) - 0% (0/10) - - 

Walter et al., 2001 Atypical lesions: 62% (23/37) 

Stratton et al., 2002 55% 66% - 50% (7/14) Other colors :75%. 

Stegmann et al., 2008 57% 59% - - - 

Mixed color lesions : 76%    

Marchino et al., 2005 - 20% - 0% - 62% 54% 25% 

Albee et al., 2008 Atypical lesions: 24% 

Mettler et al., 2003 100% 31% - - - - - - 

Buchweitz et al., 2003 Non-pigmented: 63%. 

Undefined" lesions: 52%. 

 
 
 



 
 
 
 
 
Table 5: Positive predictive value (PPV) of visual diagnosis of adhesions in the 

context of endometriosis 

Authors, year Number of biopsies Histological confirmation 

Jansen et al., 1986 4 50% 

Nisolle et al., 1990 - 50% 

Moen et al., 1992 19 16% 

Walter et al., 2001 18 28 % 

Donnez et al., 2003 - 50% 

 



 
 
 
Table 6: Positive predictive value (PPV) of visual diagnosis of endometriomas at laparoscopy 

Authors, year Number of cysts  Histological confirmation 

Martin and Berry, 1990 41 suspected endometriomas 88 %  

Vercellini et al. 1991  218 "typical" endometriomas 97,7% 

Nezhat and Nezhat, 1992 216 hemorrhagic cysts < 2cm: 100%. 

2-6cm: 0%. 

6-12cm: 50%. 

12-20cm: 85%. 

Brosens et al., 1994 51 Typical Endometriomas: 89% 

Atypical endometriomas: 42%. 

Stratton et al., 2002 NS 88% 

Kazanegra et al., 2008 73 "typical" endometriomas 79,5% 

 



Table 7: Contextual comparison between visual diagnosis from surgeons (positive predictive value from the literature) and AI-based lesion 

recognition (precision) 

 PPV from literature (min–max, %) Precision from AI-based 

recognitiona 

 Superficial Black  47 - 97% 0.900 

 Superficial Red 33 - 100% 0.200 

 Superficial White  20 - 91% 0.714 

 Superficial Subtle 0 - 75% 0.583 

 Filmy adhesions 16 - 50%b 0.739 

 Dense adhesions 16 - 50%b 0.805 

 Deep Endometriosis N/A  0.593 

 Ovarian Endometrioma 79 - 98% 0.222 

 Ovarian chocolate fluid N/A  0.661 

a The AI performance values reported in this table are extracted from a previously published study and are provided for contextual comparison only. AI 

precision was calculated using expert visual annotations as the reference standard. 



b In the AI-based study, adhesions were analyzed separately as dense and filmy, whereas the literature reviewed here does not allow reliable estimation of 

PPVs for these subtypes, and adhesions are therefore reported as a single combined category. 

PPV = Positive Predictive Values  



Supplementary Material 1 – Literature Search Strategy 

1. Overview of the Literature Search 

This supplementary file details the methodology used to identify published descriptions of the 

laparoscopic visual appearance of endometriosis lesions. The aim of the search was to gather 

information necessary for the development of a visual classification system intended for future use in 

artificial intelligence-based lesion recognition. 

A structured search was conducted in three major biomedical databases: MEDLINE (via PubMed), 

EMBASE, and the Cochrane Library, covering publications from inception to May 2022. The process 

followed PRISMA 2020 guidelines (Page et al., 2021). 

2. Search Strategy and Queries 

Searches were tailored for each database and focused on the three main anatomical subtypes of 

endometriosis: superficial peritoneal lesions, ovarian endometriomas, and deep infiltrating 

endometriosis. For each type, customized Boolean queries were constructed to capture relevant 

laparoscopic descriptions. 

The Boolean queries were entered into PubMed and EMBASE without field-specific restrictions (e.g., 

[Title/Abstract]), in order to maximize sensitivity. The aim was to retrieve all potentially relevant 

studies, even if the visual descriptors of lesions appeared outside of the title or abstract. 

2.1 MEDLINE (via PubMed) 

● Superficial endometriosis: "laparoscopy" AND "endometriosis" AND ("peritoneal lesions" 

OR "visual appearance" OR "description") 

● Endometriomas: "laparoscopy" AND "endometrioma" AND ("description" OR "appearance") 



● Deep infiltrating endometriosis: "laparoscopy" AND ("deep endometriosis" OR "deep 

infiltrating endometriosis") AND ("description" OR "appearance" OR "Douglas pouch 

obliteration" OR "cul-de-sac obliteration") 

Additional queries were conducted to enhance the sensitivity of the search, particularly for superficial 

endometriosis. These included variations in terminology and additional synonyms to reflect different 

descriptors used across the literature: 

● Superficial endometriosis (extended): "laparoscopy" AND "endometriosis" AND ("peritoneal 

lesions" OR "superficial endometriosis" OR "atypical lesions" OR "petechial lesions" OR 

"powder burn" OR "subtle lesions" OR "faint lesions" OR "red flame" OR "white vesicle" OR 

"visual description" OR "macroscopic aspect" OR "appearance" OR "description") 

● Endometriomas (extended): "laparoscopy" AND ("endometrioma" OR "ovarian cyst" OR 

"chocolate cyst" OR "endometriotic cyst") AND ("appearance" OR "chocolate fluid" OR 

"capsule aspect" OR "cyst content" OR "macroscopic features" OR "description") 

● Deep infiltrating endometriosis (extended): "laparoscopy" AND ("deep endometriosis" OR 

"deep infiltrating endometriosis" OR "retroperitoneal fibrosis") AND ("description" OR 

"appearance" OR "obliteration" OR "retraction" OR "deformation" OR "fibrotic nodule" OR 

"bowel involvement" OR "pouch of Douglas" OR "rectovaginal septum" OR "ureteral 

stenosis" OR "scar-like lesion" OR "tethering") 

Note on Adhesions 

Although no specific Boolean query was constructed exclusively for adhesions, descriptions of 

adhesions were frequently encountered during the full-text review of articles retrieved through the 

broader search strategies targeting superficial, ovarian, and deep endometriosis. When such 

descriptions were relevant, visually detailed, and accompanied by histological confirmation of 

endometriosis at adhesion sites, the information was retained and integrated into the ontology.  

 



2.2 EMBASE 

● Superficial endometriosis: 'laparoscopy' AND 'endometriosis' AND ('peritoneal lesion*' OR 

'visual appearance' OR 'description') 

● Endometriomas: 'laparoscopy' AND 'endometrioma' AND ('description' OR 'appearance') 

● Deep infiltrating endometriosis: 'laparoscopy' AND ('deep endometriosis' OR 'deep 

infiltrating endometriosis') AND ('description' OR 'appearance' OR 'Douglas pouch 

obliteration' OR 'cul-de-sac obliteration') 

2.3 Cochrane Library 

● Combined query (less structured interface): laparoscopy AND endometriosis AND 

("peritoneal lesion" OR "appearance" OR "description" OR "cul-de-sac obliteration") 

 

3. Inclusion and Exclusion Criteria 

Studies were included if they met the following criteria: 

● Published in English in peer-reviewed scientific journals or academic book chapters, 

● Explicitly aimed to describe or characterize the laparoscopic visual appearance of 

endometriotic lesions (superficial, ovarian, or deep), based on information in the title or 

abstract, 

● Included histological confirmation of endometriosis in human subjects. 

Articles were excluded if they: 

● Did not describe the visual appearance of lesions, 

● Lacked histological confirmation, 

● Focused exclusively on imaging or experimental models, 

● Were editorials, opinion pieces, or unrelated to the surgical appearance of endometriosis. 



 

4. Eligible Study Designs 

The following types of studies were eligible for inclusion: randomized controlled trials, prospective or 

retrospective cohort studies, case series, case reports, systematic reviews, meta-analyses, and relevant 

book chapters. Letters to the editor were included only when they provided detailed laparoscopic 

descriptions supported by histological findings. 

 

5. Study Selection Process 

Two authors (A.N. and F.D.) independently screened all titles and abstracts retrieved by the search. 

Articles were only retained when their abstract clearly suggested that the authors aimed to provide a 

structured or intentional description of the laparoscopic appearance of endometriotic lesions. Studies 

with only incidental or anecdotal visual mentions were excluded. For potentially eligible articles, full 

texts were reviewed in detail. Disagreements were resolved by discussion. Reference lists of selected 

articles were manually searched to avoid missing relevant studies. 

6. Data Quality Consideration 

The goal of this literature search was to collect and organise descriptive data regarding the visual 

presentation of endometriotic lesions. Given the descriptive and exploratory purpose of the review, no 

formal quality appraisal (e.g., risk of bias assessment) was performed. The value of each article was 

judged based on the relevance and clarity of its visual descriptions rather than its study design or level 

of evidence. 
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