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ABSTRACT

STUDY QUESTION: Are endometriotic lesions affecting bilateral organs or anatomical structures distributed symmetrically on both
sides of the body?

SUMMARY ANSWER: The left-sided preponderance of pelvic endometriotic lesions, and the right-sided dominance of thoracic and
inguinal lesions, suggest that endometriotic lesions exhibit a non-random, asymmetric lateral distribution.

WHAT IS KNOWN ALREADY: Evaluating the anatomical distribution of endometriotic lesions may elucidate the underlying patho-
genic mechanism(s) of the disease. If the coelomic metaplasia or embryonic cell remnant theory is correct, a symmetrical right-left
pattern would be expected. Conversely, retrograde menstruation would likely result in asymmetrical distribution, influenced by
gravity, peritoneal fluid circulation, and anatomical niches.

STUDY DESIGN, SIZE, DURATION: This systematic review with meta-analysis included full-length, English-language articles pub-
lished up to 10 June 2024. Literature searches were performed in PubMed/Medline and Embase databases with the keyword
‘endometriosis’, ‘lateral’, ‘distribution’, ‘right’, ‘left’, and ‘asymmetry’.

PARTICIPANTS/MATERIALS, SETTING, METHODS: The review focused on anatomical structures commonly affected by endometri-
osis with surgically defined right or left laterality: ovaries, uterosacral ligaments, colon, ureters, inguinal regions, and hemithorax (di-
aphragm, pleura, lungs). Case reports were excluded. Risk of bias was assessed using ROBINS-I for non-randomized studies and a
dedicated tool for case series. Meta-analyses of proportions were conducted in R. Heterogeneity was quantified using the I? statistic.
Funnel plots for publication bias and Egger tests were performed using Stata.

MAIN RESULTS AND THE ROLE OF CHANCE: Of 6356 articles screened, 154 met the inclusion criteria. A statistically significant left-

sided preponderance was observed for ovarian (58%; 95% CI: 57-60%,; P < 0.001), uterosacral ligament (56%; 95% CI: 54-59%; P < 0.001),
ureteral (71%; 95% CI: 67-76%; P < 0.001), and bowel (72%; 95% CI: 64-79%; P < 0.001) lesions, whereas thoracic (98%; 95% CI: 96-100%;

Received: August 3, 2025. Revised: October 6, 2025. Accepted: October 10, 2025

© The Author(s) 2025. Published by Oxford University Press on behalf of European Society of Human Reproduction and Embryology.

This is an Open Access article distributed under the terms of the Creative Commons Attribution License (https://creativecommons.org/licenses/by/4.0/), which
permits unrestricted reuse, distribution, and reproduction in any medium, provided the original work is properly cited.


https://orcid.org/0000-0003-1788-9670
https://orcid.org/0000-0002-0530-499X
https://orcid.org/0009-0008-7292-6853
https://orcid.org/0000-0002-2314-0028
https://orcid.org/0000-0003-2926-8943
https://orcid.org/0009-0005-7635-6171
https://orcid.org/0000-0002-2129-2626
https://orcid.org/0000-0002-8375-6115
https://orcid.org/0000-0001-9874-1488
https://orcid.org/0000-0001-9372-5200
https://orcid.org/0000-0002-9513-1980
https://orcid.org/0000-0001-7122-6136
https://orcid.org/0000-0001-7195-9583
https://orcid.org/0000-0002-7472-4744
https://orcid.org/0000-0002-5508-0875
https://orcid.org/0000-0001-5556-3933
https://orcid.org/0000-0002-3235-4378
https://orcid.org/0000-0002-5043-6676
https://orcid.org/0000-0003-3156-0484
https://orcid.org/0009-0008-7722-7832
https://orcid.org/0009-0004-7748-0708
https://orcid.org/0000-0003-3654-9516
https://orcid.org/0000-0001-7487-1333
https://orcid.org/0000-0002-0777-9980
https://orcid.org/0000-0001-6484-5166
https://orcid.org/0000-0003-1359-770X
https://orcid.org/0000-0002-9806-3741
https://orcid.org/0000-0002-2424-2691
https://orcid.org/0000-0001-9706-7188
https://orcid.org/0000-0003-3726-7561
https://orcid.org/0000-0003-0735-6301
https://orcid.org/0000-0003-4195-0996
https://orcid.org/0000-0002-0530-499X
https://orcid.org/0000-0002-0530-499X

2 | Bandinietal.

P <0.001) and inguinal (92%; 95% CI: 83-98%; P < 0.001) lesions were predominantly right-sided. These findings were confirmed in the
sensitivity analyses. Egger’s test indicated a possible small study effect only for ovarian lesions (P =0.012).

LIMITATIONS, REASONS FOR CAUTION: The preponderance of retrospective studies, the variability in surgical procedures, and the
potential difficulties in accurately distinguishing unilateral from bilateral lesions may have influenced the magnitude of the esti-
mated difference. However, the large patient cohorts, geographical diversity, and consistent asymmetry across lesion types
strengthen the results’ validity and generalizability.

WIDER IMPLICATIONS OF THE FINDINGS: The pattern of endometriotic lesion distribution, including the opposite asymmetry ob-
served in the pelvis and upper abdomen/thorax, can be explained by factors influencing dissemination and implantation of refluxed
endometrial cells. However, it cannot be explained as well by the coelomic metaplasia or embryonic cell remnant theories. This may
have important clinical implications, providing a pathogenic basis for secondary prevention strategies.

STUDY FUNDING/COMPETING INTEREST(S): The open access facility of this paper was funded by the Italian Ministry of Health,
Current research IRCCS Ca’ Granda Ospedale Maggiore Policlinico. P.V. is a member of the Editorial Board of Human Reproduction Open,
Journal of Obstetrics and Gynaecology Canada, and International Editorial Board of Acta Obstetricia et Gynecologica Scandinavica; has re-

ceived royalties from Wolters Kluwer for chapters in UpToDate. All other authors declare no conflicts of interest.

REGISTRATION NUMBER: CRD42024511356 (PROSPERO).
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WHAT DOES THIS MEAN FOR PATIENTS?

We reviewed published studies to verify whether endometriosis develops equally on both sides of the body or if one side is more
frequently affected. We found that endometriosis is more common in the left side of the pelvis, but it is more often found on the
right side of the chest and inguinal region. Understanding these patterns may help doctors learn more about how endometriosis
develops. This knowledge can support earlier diagnosis and improve strategies for preventing disease progression.

Introduction

Despite the high prevalence, the associated individual and socie-
tal burden, and the intense research efforts over the past deca-
des, the exact pathogenesis of endometriosis remains elusive
(Giudice and Kao, 2004; Bulun, 2009; Vercellini et al., 2014; Bulun
et al., 2019; Zondervan et al., 2020; Taylor et al., 2021; Horne and
Missmer, 2022; Endometriosis Initiative Group, 2024; As-Sanie
et al., 2025; Garcia-Velasco et al., 2025). Although disease promo-
tion and progression are likely to be multifactorial, involving,
among other factors, genetic, epigenetic, hormonal, microbiologi-
cal, and environmental influences (Koninckx et al., 2019; Lagana
et al., 2019), two general pathogenic alternatives, i.e. in situ ec-
topic development of endometrial epithelial and stromal cells
(Lauchlan, 1972; Redwine, 1987, 1988; Fujii, 1991; Donnez et al.,
1997; Taylor and Williams, 2010) versus migration from the uter-
ine cavity and secondary abdominal implantation, are recognized
for disease initiation. The former scenario includes the coelomic
metaplasia and the embryonic cell rest theories, whereas the lat-
ter is based on the retrograde menstruation theory (Nisolle and
Donnez, 1997; Irving and Clement, 2019).

An indirect way of trying to unravel which of the above theo-
ries is true is to assess the anatomical distribution of endometri-
otic lesions. In their seminal article published 40years ago,
Jenkins et al. (1986) adopted a kind of ‘sagittal view’ of the pelvis,
focusing on the unequal frequency of endometriotic lesions in
the antero- and postero-uterine compartments, possibly deter-
mined by uterine flexion, the creation of dependent peritoneal
pockets facilitating the collection of refluxed endometrium, and
the location of the tubal fimbriae.

Studying the lateral distribution of endometriotic lesions on
bilateral anatomical structures would test the different hypothe-
ses even more reliably, since a considerable asymmetry would
appear biologically incompatible with both the coelomic meta-
plasia and the embryonic cell rest theories. Contrariwise, the ret-
rograde menstruation theory would be compatible with the
metastasis of refluxed endometrial fragments according to

gravity, physiological determinants of abdominal fluid flow, and
specific anatomical features of the receptor sites that facilitate
implantation differently on either side (Jenkins et al., 1986;
Chapron et al., 2006; Vercellini et al., 2007; Bricou et al., 2008).

Such lateral asymmetry was observed by several independent
research groups in the late 1990s and early 2000s (Vercellini et al.,
1998, 2002; Chapron et al., 2001; Ghezzi et al., 2001; Al-Fozan and
Tulandi, 2003; Parazzini, 2003; Sznurkowski and Emerich, 2008;
Bazi et al., 2007), but has never been mentioned in the reviews
published during the past two decades in the four highest-
ranking general medicine journals (Giudice and Kao, 2004; Bulun,
2009; Zondervan et al, 2020; Taylor et al., 2021; Horne and
Missmer, 2022; As-Sanie et al., 2025).

Two literature reviews on the anatomical distribution of endo-
metriotic lesions were published several years ago, but the con-
clusions were partly inconsistent (Bricou et al., 2008; Guo et al.,
2008). Moreover, a high between-study heterogeneity of propor-
tions was observed, which was strongly influenced by the sample
size (Guo et al, 2008). Therefore, the members of the
Endometriosis Treatment Italian Club (ETIC), comprising investi-
gators from 15 university departments and teaching hospitals in
Italy, deemed it relevant to try to definitively clarify whether uni-
lateral endometriotic lesions detected at surgery on bilateral ana-
tomical structures/organs are distributed asymmetrically.

Methods

The study protocol was registered with PROSPERO (registration
ID number CRD42024511356). The systematic review with meta-
analysis was conducted according to the Preferred Reporting
Items for Systematic Reviews and Meta-Analyses (PRISMA) guide-
line (Page et al., 2021) and was exempt from ethical approval be-
cause only published and de-identified data were used. The
review focused on those anatomical structures/organs most
commonly affected by endometriosis and for which a right and
left side can be unambiguously determined, namely the ovaries,
uterosacral ligaments (USLs), colon, ureters, inguinal regions,
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and hemithorax (including the diaphragm, pleura, and lung).
Inclusion of superficial peritoneal endometriotic lesions in the
pelvis was not deemed feasible, as laterality is generally not
clearly defined. Furthermore, even when anatomically described,
peritoneal lesions are frequently not histologically confirmed
(Moen and Halvorsen, 1992; Walter et al., 2001; Marchino et al.,
2005; Kazanegra et al., 2008; Fernando et al., 2013).

Search strategy and inclusion criteria

For each participating centre, we identified two reviewers who in-
dependently conducted the literature screening following the
same strategy but targeting different lesion sites. To identify eli-
gible studies, the PubMed/Medline and Embase electronic data-
bases were searched from inception to 10 June 2024 using the
term ‘endometriosis’ in combination with ‘lateral’, ‘distribution’,
‘right’, ‘left’, ‘asymmetry’, and additional keywords to widen the
search for potentially relevant studies. The search terms and the
algorithm used are described in detail in Supplementary File S1.
In addition, the reference lists of the retrieved articles were sys-
tematically examined manually, and the ‘similar articles’ and
‘cited by’ functions of PubMed were used to identify further rele-
vant publications.

This review was restricted to full-length, English-language
articles published in peer-reviewed journals. All reports describ-
ing the lateral distribution of endometriotic lesions affecting
the above structures were considered, regardless of the study de-
sign, except for case reports, which were excluded from the
meta-analyses.

Articles were included if endometriotic lesions had been biop-
sied or surgically removed. Some studies without a histological
diagnosis, mainly on diaphragmatic/thoracic endometriosis,
were selected only if typical symptoms were present and charac-
teristic lesions were visualized intraoperatively. Studies in which
the laterality of the endometriotic lesions was assessed only by
ultrasound were excluded, as were studies in which the lesions
were described as unilateral or bilateral but without specifying
how many lesions were located on the right versus the left side.
Studies involving pregnant patients, those with only histologi-
cally atypical endometriosis, or those with concomitant pelvic in-
flammatory disease were also excluded.

Regarding the colon, left laterality was determined as lesions
in the sigmoid and descending colon, whereas right laterality was
attributed to lesions in the ascending colon, cecum, ileocecal
junction, terminal ileum, and appendix. Endometriosis of the rec-
tum, recto-sigmoid junction, transverse colon, and the remaining
parts of the small bowel were excluded from the analysis be-
cause these locations cannot be clearly and systematically attrib-
utable to either side. For example, recto-sigmoidal involvement
could be classified as left-sided, but this can be misleading, as
lesions of this tract usually arise from implants in the pouch of
Douglas, therefore representing a primarily midline localization
(Vercellini et al,, 2000a, 2004). Studies on colon endometriosis
were included if it was stated that the entire large bowel was
assessed, allowing the identification of left, right, or multiple
lesions. A comparison conducted in a population in which both
sides have been adequately assessed would be less susceptible to
a potential detection bias introduced by inconsistent evaluation
of the ascending colon and a selection bias, because studies fo-
cusing exclusively on the sigmoid colon might overestimate the
prevalence of left-sided lesions. Therefore, articles that exclu-
sively considered a single bowel segment (e.g. sigmoid, cecum, or
appendix) were excluded.

Concerning thoracic endometriosis, all studies that assessed
the laterality of diaphragmatic, pleural, and pulmonary lesions,

alone or in combination, were included in the meta-analysis.
Rather than analysing each site separately, all thoracic sites were
combined because diaphragmatic lesions often coexist with pleu-
ral and/or pulmonary involvement and vice versa. Moreover, the
lateral distribution of these lesions is not always reported sepa-
rately. Except for two studies published in 1998 in which histolog-
ical confirmation of the lesions was provided (Flieder et al., 1998
and Nezhat et al., 1998), we selected studies published from 2000
onward for this anatomic compartment to ensure greater consis-
tency and reliability, as thoracoscopic techniques were not sys-
tematically implemented in the last century (Channabasavaiah
and Joseph, 2010). Consequently, cases with histologically con-
firmed endometriosis were included, as well as cases of thoracic
endometriosis diagnosed based on typical symptoms (e.g. cata-
menial pneumothorax) together with intraoperative visualization
of characteristic lesions by video-assisted thoracic surgery in
patients with concomitant or previously documented pelvic
endometriosis.

Study selection and data extraction

Two reviewers from each participating centre independently
screened publications by examining the titles and abstracts re-
lated to the right or left distribution of specific endometriotic
lesions in patients undergoing surgery. Eligibility was then
assessed by retrieving the selected relevant full-text articles.
Disagreements were resolved by discussion with V.B. and C.P.
from the coordinating centre.

The following data were extracted from each report: first
author’s surname, year of publication, country in which the re-
search was conducted, study design, mean age of participants,
number of patients with right lesions, number of patients with
left lesions, and number of patients with bilateral lesions. In ad-
dition, the type of surgery performed was reported for the USL,
ureter, bowel, and inguinal region. For thoracic endometriosis,
the exact location within the chest cavity (pleura, lung, dia-
phragm) was described. Data were collected for all the selected
studies, including those in which the location of the lesion was
not explicitly specified as being unilateral or bilateral. In fact, in
some of the articles, it was not clearly stated whether the lesions
in the target population were only unilateral or whether some
patients could have bilateral lesions. As the aim of our study was
to assess whether the laterality of lesions was equally distributed
between the right and left sides, we first calculated the propor-
tion of right (or left) lesions in the total population, including
patients in whom the unilateral versus bilateral status was un-
known, and then performed the same analysis considering only
articles in which unilateral lesions were explicitly reported.
However, when it was clear how many patients had unilateral
lesions and how many had bilateral lesions, we did not consider
the latter subgroup because here the proportion of laterality is
necessarily equal to 1 (100%) for both the right and the left side.
This adds no information with respect to the purpose of the
study. Estimating laterality, including bilateral lesions, would
mean adding right (or left) lesions to both the numerator and the
denominator, which is mathematically inappropriate and redun-
dant for the above considerations.

All the individual reports from the participating centres were
reviewed by V.B. and C.P., who supervised the entire search strat-
egy, performed an independent overall literature search, and
checked the completeness of the article retrieval and the correct-
ness of the data extraction. The global accuracy of the process
was checked by S.C., a senior methodologist, through peri-
odic sampling.
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Quality assessment and risk of bias

The quality of the included studies and the potential risk of bias
were evaluated using the Risk Of Bias In Non-randomized Studies
of Interventions (ROBINS-I) tool (Sterne et al., 2016) for cohort,
case-control and cross-sectional studies and the synthesis tool
for evidence derived from case reports and case series, developed
by Murad et al. (2018) for case series included in the meta-
analysis. This tool assesses four areas of potential bias: selection,
ascertainment, causation, and reporting. It consists of eight core
explanatory questions, each of which requires a binary response,
resulting in a potential total score of 0-8. However, questions 5
and 6 have not been considered here, as the ‘challenge/rechal-
lenge phenomenon’ and the ‘dose-response effect’ were deemed
irrelevant to the present study. Consequently, the overall rating
ranges from 0 to 6.

Assessment and rating were performed independently by two
reviewers (V.B. and C.P.). Any disagreement in the appraisal of
the certainty of the evidence was resolved by consultation with a
third reviewer (S.C.) until a unanimous decision was reached.

Data synthesis and meta-analysis

All analyses were performed using Metaprop, a command imple-
mented in R, for calculating meta-analyses of proportions.
Estimates of proportions (percentages) and 95% Cls were calcu-
lated using a random effects model. The Freeman-Tukey double
arcsine square root transformation was applied to the data be-
fore pooling for meta-analysis. This transformation stabilizes the
variance and allows proportions equal to zero or one to be in-
cluded in the calculation. The hypothesis to be tested was an
equal distribution between the left and the right side. Therefore,
the null hypothesis was a proportion of laterality equal to 0.5.
With this assumption, a probability value <0.05 means that the
laterality estimated by the meta-analysis is significantly different
from 0.5 (50%).

Furthermore, the I? value was calculated to assess the quantita-
tive heterogeneity between studies. In cases where I° was signifi-
cant, heterogeneity was investigated by performing subgroup
analyses (retrospective studies vs prospective studies) or with sensi-
tivity analyses (e.g. considering only studies that explicitly docu-
mented unilateral lesions or the specific surgical procedures
accomplished). All these analyses were performed using R software,
version 4.4.2 (R Core Team, 2024). To assess the potential presence
of publication bias in the meta-analyses, funnel plots, which dis-
play the standard error against proportion of events, were gener-
ated for all endometriosis sites, and the Egger’s tes was used to
assess small study effects (Egger et al., 1997). These statistical analy-
ses were performed using Stata (StataCorp, 2015).

Results

Study selection

The flowchart illustrating the study screening process is shown
in Fig. 1. A total of 154 reports were finally included in the quanti-
tative synthesis. The characteristics of the selected studies are
detailed in Supplementary Tables S1, S2, S3, S4, S5, and S6. Data
on the laterality of lesions in patients who underwent surgery
were extrapolated for the ovary (54 reports), ureter (31 reports),
thorax (30 reports), uterosacral ligaments (30 reports), colon (25
reports), and inguinal region (18 reports). The sum of these
articles (188) exceeds the number of studies included in the
meta-analysis (154) by 34 because some articles analysed two or
more endometriotic lesion types at the same time.

Quality of evidence

Based on the ROBINS-I tool, we identified 35 studies with a low
risk of bias, 46 with a moderate risk of bias, and 2 with a high risk
of bias. Moreover, 71 case series were analysed using the evi-
dence synthesis tool developed by Murad et al. (2018) and 14 stud-
ies (20%) received the highest rating (6), 41 (57%) received a rating
of 5, 12 (17%) of 4, two (3%) received a rating of 3, and two (3%) re-
ceived the lowest rating of 2. These data were collected and
reported in Supplementary Tables S7 and S8.

Meta-analysis
Left preponderance: ovarian, USL, ureteral, and colon
endometriosis
A meta-analysis of 54 studies included 11 712 patients with surgi-
cally removed unilateral ovarian endometriomas (Jenkins et al.,
1986; Vercellini et al., 1998; Redwine, 1999; Chapron et al., 2001,
Ghezzi et al., 2001; Prefumo et al., 2002; Abbott et al., 2003; Al-
Fozan and Tulandi, 2003; Parazzini, 2003; Ciavattini et al., 2004;
Ferrero et al., 2005; Chopin et al., 2006; Kikuchi et al., 2006; Bazi
et al., 2007; Liu et al., 2008; Sznurkowski and Emerich, 2008; Bosev
et al., 2009; Hudelist et al., 2009; Meuleman et al., 2009; Sesti et al.,
2009; Mereu et al., 2010, 2012; Roman et al., 2010, 2020; Coccia
et al., 2011; Ercan et al., 2011; Ulukus et al., 2012; Khan et al., 2013;
Lee et al,, 2013; Ozyer et al., 2013; Porpora et al., 2014; Seracchioli
et al., 2014; Yuan et al., 2014; Harada et al., 2015; Yu et al., 2015;
Song et al., 2016; Alborzi et al., 2017; Bouaziz et al., 2017; Abo et al.,
2018; Audebert et al., 2018; Ceccaroni et al., 2019; Dafna et al.,
2019; Kwok et al., 2020; Matalliotaki et al., 2020; Nicolaus et al.,
2020; Araujo et al., 2021; Bhurke et al., 2022; Signorile et al., 2022;
Ari et al., 2023; Bindra et al., 2023; Di Giovanni et al., 2023; Pagano
etal., 2023; Li et al., 2024; Moro et al., 2024). Of these, 6723 were lo-
cated on the left side. As shown in Fig. 2, the imbalance in the
proportion of left-sided lesions is statistically significant (58%;
95% CI: 57-60%, P < 0.001; I> = 48.9%, P < 0.001). Moreover, when a
subgroup analysis was performed separately for prospective
and retrospective studies, the preponderance of left laterality
remained statistically significant (both, P<0.001), but without
significant heterogeneity in the prospective design group (13
reports, [>=4.9%, P=0.397). The results did not change when a
further sensitivity analysis was conducted, considering only
those studies in which it was unequivocally specified that the pa-
tient population exclusively had unilateral lesions, thus exclud-
ing 3032 patients with bilateral cysts (Supplementary Fig. S1).
Similarly, endometriotic lesions of the uterosacral ligaments
also showed a statistically significant asymmetry, with 3750 left-
sided lesions out of a total of 6623 unilateral lesions (56%; 95% CI
54-59%, P<0.001) (Fig. 3). These data were retrieved from 30
reports (Jenkins et al., 1986; Redwine, 1999; Abbott et al., 2003;
Ciavattini et al., 2004; Chapron et al., 2006; Hudelist et al., 2009;
Mereu et al., 2010, 2012; Kovoor et al., 2011; Bazot et al., 2012;
Malzoni et al., 2016; Alborzi et al., 2017; Bouaziz et al., 2017;
Zannoni et al, 2017; Abo et al, 2018; Audebert et al., 2018;
Ceccaroni et al., 2019; Kwok et al., 2020; Nicolaus et al., 2020;
Roman et al., 2020; Abdalla Ribeiro et al., 2021; Araujo et al., 2021;
Bhurke et al, 2022; Signorile et al., 2022; Ari et al, 2023; Di
Giovanni et al., 2023; Qiu et al., 2023; Stoppa et al.,, 2023; Freger
et al., 2024; Moro et al., 2024). A subgroup meta-analysis based on
prospective versus retrospective design was performed due to
the significant heterogeneity observed. The statistically signifi-
cant preponderance of left lesions was confirmed in both sub-
groups (P<0.001), with a reduction in heterogeneity among
prospective studies. A first sensitivity analysis was performed af-
ter removing the study by Signorile et al. (2022), as three-quarters
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Figure 1. Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) flow diagram of the literature search and study selection
process for a systematic review and meta-analysis of the lateral distribution of endometriotic lesions.

of the patients included were diagnosed based on clinical criteria
alone. However, this did not substantially change the results
(56%; 95% CI 53-58%, P<0.001; ’=51.1%, P<0.001; data not
shown). A further sensitivity analysis, performed after excluding
three studies (Jenkins et al., 1986; Malzoni et al., 2016; Bouaziz
et al., 2017) that only described intraoperative visualization of the
USL lesion, but not surgical excision, did not change the findings
(56%; 95% CI 53-59%, P<0.001; ’=74.5%, P<0.001; data not
shown). Again, a sensitivity analysis carried out by including only
articles with exclusively confirmed unilateral lesions produced
comparable results, but with a further reduction in heterogeneity
(Supplementary Fig. S2). Here, 818 patients with bilateral USL en-
dometriosis were not included.

Ureteral lesions also exhibited a left-sided preponderance,
based on data from 31 reports (Langmade, 1975; Nezhat et al.,
1996; Vercellini et al., 2000b; Donnez et al., 2002; Antonelli et al.,
2006; Ghezzi et al., 2006; Pugliese et al., 2006; Frenna et al., 2007;

Al-Khawaja et al., 2008; Seracchioli et al., 2008, 2015; Bosev et al.,
2009; Pérez-Utrilla Pérez et al, 2009; Azioni et al., 2010;
Chapron et al, 2010; Mereu et al, 2010; Langebrekke and
Qvigstad, 2011; Soriano et al., 2011; Miranda-Mendoza et al., 2012;
Uccella et al., 2014; Knabben et al., 2015; Sillou et al., 2015; Wang
et al., 2015; Malzoni et al., 2016; Darwish et al., 2017; Matalliotakis
et al., 2017; Ceccaroni et al., 2019; Hung et al., 2020; Kwok et al.,
2020; Abdalla Ribeiro et al., 2021; Yamada et al., 2022). As shown
in Fig. 4, 780 out of 1121 endometriotic lesions were identified on
the left side (71%; 95% CI 67-76%, P < 0.001; > =48%, P=0.002).
As various radical and non-radical surgical techniques were
reported (Supplementary Table S3), including ureteral resection
with ureteroureterostomy or ureteroneocystostomy, ureteroly-
sis, ureteral nodule excision, and nephroureterectomy, a sensi-
tivity analysis was performed after removing studies that
included only patients who underwent ureterolysis. The esti-
mate of left laterality remained essentially unchanged, but the
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Study or Left
Subgroup Events Total Weight IV, Random, 95% CI IV, Random, 95% CI
Timing = Prospective
Abbott et al. 2003 24 35 0.7% 0.69[0.51;0.83] &
Bhurke et al. 2022 102 193 2.3% 0.53[0.46; 0.60] b
Ceccaroni et al. 2019 58 99 1.5% 0.59[0.48; 0.68] T8
Coccia et al. 2011 90 155 2.0% 0.58[0.50; 0.66] e
Ercan et al. 2011 23 36 0.7% 0.64[0.46;0.79] e
Hudelist et al. 2009 26 49 0.9% 0.53[0.38;0.67] —E—
Mereu et al. 2010 12 21  0.4% 0.57[0.35;0.77] o e
Mereu et al. 2012 48 71 1.2% 0.68 [0.55; 0.78] —E|—
Moro et al. 2024 72 139 1.9% 0.52[0.43;0.60] —a—
Pagano et al. 2023 41 64 1.1% 0.64[0.51;0.76] — 8
Porpora et al. 2014 13 21 0.4% 0.62[0.39; 0.81] —T
Serracchioli et al. 2014 38 71 1.2% 0.54[0.41; 0.66] ——
Sesti et al. 2009 121 194 2.3% 0.62[0.55; 0.69] -
Total (95% CI) 1148 16.6% 0.58 [0.55; 0.62] <
Heterogeneity: Tau? = 0.0006; Chi? = 12.62, df = 12 (P = 0.3971); > = 4.9%
Timing = retrospective
Abo et al. 2018 142 273 2.7% 0.52[0.46; 0.59] &=
Al-Fozan and Tulandi 2003 90 149 2.0% 0.60[0.52;0.68] —H—
Alborzi et al. 2017 355 646 3.7% 0.55[0.51;0.59] E
Araujo et al. 2021 46 84 1.3% 0.55[0.44;0.66] ——
Ari et al. 2023 73 126 1.8% 0.58[0.49;0.67] —E—
Audebert et al. 2018 224 398 3.2% 0.56[0.51;0.61] B
Bazi et al. 2007 57 96 1.5% 0.59[0.49; 0.70] —E—
Bindra et al. 2023 29 50 0.9% 0.58[0.43;0.71] —
Bosev et al. 2009 26 49 0.9% 0.53[0.38;0.67] —E—
Bouaziz et al. 2017 32 55 1.0% 0.58[0.44;0.72] ——
Chapron et al. 2001 9 11 0.2% 0.82[0.48;0.95] ——
Chopin et al. 2006 114 172 2.1% 0.66 [0.59; 0.74] —-
Ciavattini et al. 2004 88 141 1.9% 0.62[0.54; 0.70] —E—
Dafna et al. 2019 1056 200 2.3% 0.53[0.45;0.60] -
Di Giovanni et al. 2023 39 70 1.2% 0.56[0.43; 0.67] —TE—
Ferrero et al. 2005 275 459 3.3% 0.60 [0.55; 0.64] =5
Ghezzi et al. 2001 58 99 1.5% 0.59[0.48; 0.69] T8
Harada et al. 2015 14 21 0.4% 0.67[0.43;0.84] B
Jenkins et al. 1986 43 62 1.1% 0.69 [0.56; 0.80] —E—
Khan et al. 2013 154 248 2.6% 0.62[0.56; 0.69] B
Kikuchi et al. 2006 128 213 2.4% 0.60[0.53; 0.67] =
Kwok et al. 2020 98 184 2.2% 0.53[0.45;0.61] 4%*
Lee et al. 2013 866 1638 4.3% 0.53[0.50; 0.55]
Li et al. 2024 27 43 0.8% 0.63[0.47;0.77] S
Liu et al. 2008 208 375 3.1% 0.55[0.50; 0.61] HE-
Matalliotaki et al. 2020 193 294 2.8% 0.66[0.60;0.71] B
Meuleman et al. 2009 9 12 0.3% 0.75[0.43;0.92] S
Nicolaus et al. 2020 26 57 1.0% 0.46 [0.32; 0.60] —8—
Ozyer et al. 2013 36 77 1.3% 0.47[0.35; 0.58] —8—
Parazzini 2003 94 173 2.1% 0.54[0.47;0.62] 8-
Prefumo et al. 2002 171 262 2.7% 0.65[0.59; 0.71] &
Redwine 1999 303 512 3.4% 0.59[0.55; 0.63] =
Roman et al. 2010 24 38 0.7% 0.63[0.46;0.78] T
Roman et al. 2020 518 961 4.0% 0.54[0.51;0.57] E
Signorile et al. 2022 279 526 3.5% 0.53[0.49; 0.57] :
Song et al. 2016 20 31 0.6% 0.65[0.45;0.81] -
Sznurkowki and Emerich 2008 113 180 2.2% 0.63[0.55;0.70] -
Ulukus et al. 2012 109 167 2.1% 0.65[0.58;0.72] -
Vercellini et al. 1998 641 1045 4.1% 0.61[0.58; 0.64] 5
Yu et al. 2015 62 103 1.6% 0.60[0.50;0.70] —E—
Yuan et al. 2014 157 264 2.7% 0.59[0.53;0.65] -8
Total (95% CI) 10564 83.4% 0.58 [0.57; 0.60] o
Heterogeneity: Tau? = 0.0012; Chi? = 90.73, df = 40 (P < 0.0001); I? = 55.9%
Total (95% CI) 11712 100.0% 0.58 [0.57; 0.60] ¢
Heterogeneity: Tau? = 0.0011; Chi? = 103.64, df = 53 (P <0.0001); I? = 48.9% I I f 1
Test for subgroup differences: Chi?= 0.00, df =1 (P = 0.9604) 0 0.25 0.5 0.75 1
Right Left

Figure 2. Meta-analysis of the proportions of left-sided ovarian endometriomas (including also studies in which it was not explicitly specified
whether lesions were unilateral or bilateral). Random, random effect model.

heterogeneity was no longer significant (Supplementary Fig. S3). study by Uccella et al. (2014), as ureteral lesion laterality was
The result of the meta-analysis was substantially similar (71%; assessed preoperatively by ultrasound in the presence of hydro-
95% CI 66-75%, P<0.001; I?=45.4%, P=0.004; data not shown) nephrosis. Moreover, the results did not change substantially
when a sensitivity analysis was conducted after excluding the when only studies with exclusively unilateral lesions were
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Events Total Weight 1V, Random, 95% ClI

IV, Random, 95% CI

Study or Left

Subgroup

Timing = Prospective

Abbott et al. 2003 17 41 21%
Bhurke et al. 2022 125 227 5.0%
Ceccaroni et al. 2019 93 169 4.5%
Freger et al. 2024 14 17 1.0%
Hudelist et al. 2009 43 67 2.9%
Malzoni et al. 2016 88 144 43%
Mereu et al. 2010 20 27 1.5%
Mereu et al. 2012 32 62 27%
Moro et al. 2024 135 268 5.3%
Qiu et al. 2023 23 39 2.0%
Zannoni et al. 2017 19 28 1.6%
Total (95% CI) 1089 32.9%

Heterogeneity: Tau? = 0.0025; Chi? = 21.16, df = 10 (P = 0.0200); I? = 52.8%

Timing = retrospective

Abdalla Ribeiro et al. 2021 11 21 1.2%
Abo et al. 2018 62 106 3.7%
Alborzi et al. 2017 414 825 6.6%
Araujo et al. 2021 45 82 3.2%
Ari et al. 2023 35 79 32%
Audebert et al. 2018 119 196 4.8%
Bazot et al. 2012 12 283 1.3%
Bouaziz et al. 2017 28 57 2.6%
Chapron et al. 2006 109 166 4.5%
Ciavattini et al. 2004 10 15 0.9%
Di Giovanni et al. 2023 283 45 2.2%
Jenkins et al. 1986 38 66 2.8%
Kovoor et al. 2011 1 2 0.2%
Kwok et al. 2020 57 110 3.8%
Nicolaus et al. 2020 76 148 4.3%
Redwine 1999 744 1433 6.9%
Roman et al. 2020 162 260 5.3%
Signorile et al. 2022 1169 1847 7.0%
Stoppa et al. 2023 26 53 2.5%
Total (95% Cl) 5534 67.1%

Heterogeneity: Tau? = 0.0026; Chi? = 82.9, df = 18 (P < 0.0001); I = 78.3%

Total (95% Cl) 6623 100.0%
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Figure 3. Meta-analysis of the proportions of left-sided uterosacral ligament lesions (including also studies in which it was not explicitly specified
whether lesions were unilateral or bilateral). Random, random effect model.

considered, thus excluding 155 patients with bilateral ureteral
endometriosis (Supplementary Fig. S4).

A total of 1378 out of the 1903 patients included in the 25 se-
lected articles on bowel endometriosis (Weed and Ray, 1987;
Prystowsky et al., 1988; Bailey et al.,, 1994; Urbach et al., 1998;
Redwine, 1999; Yantiss et al., 2001; Fleisch et al., 2005; Keckstein
and Wiesinger, 2005; Mohr et al., 2005; Chapron et al., 2006; Anaf
et al., 2009; Minelli et al., 2009; Pereira et al., 2009; Dousset et al.,

2010; Faccioli et al., 2010; Martinez-Serrano et al., 2015; Zannoni
et al., 2017; Abo et al., 2018; Audebert et al., 2018; Hernandez
Gutiérrez et al., 2019; Marcellin et al., 2019; Roman et al., 2020;
Buffeteau et al., 2023; Dob6 et al., 2023; Ianieri et al., 2024) had co-
lon lesions on the left side (Fig. 5), with a marked left-sided pre-
ponderance (72%; 95% CI 64-79%, P <0.001; I =85%, P < 0.001).
Initially, only articles evaluating major surgery for bowel endo-
metriosis were included. The laterality of resected bowel lesions
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Study or
Subgroup

Left

Events Total Weight IV, Random, 95% CI

IV, Random, 95% CI

Timing = retrospective

Abdalla Ribeiro et al. 2021 20 29 3.5%
Al-Khawaja et al. 2008 6 7 1.3%
Antonelli et al. 2006 12 16 2.4%
Azioni et al. 2010 6 6 1.2%
Bosev et al. 2009 56 96 5.7%
Chapron et al. 2010 17 24 3.1%
Darwish et al. 2017 17 34 3.8%
Frenna et al. 2007 18 30 3.5%
Hung et al. 2020 3 5 1.0%
Knabben et al. 2015 54 69 5.1%
Kwok et al. 2020 22 40 41%
Langebrekke and Qvigstad 2011 2 3 07%
Langmade 1975 2 5 1.0%
Matalliotakis et al. 2017 49 70 52%
Miranda—Mendoza et al. 2012 10 12 2.0%
Nezhat et al. 1996 11 20 2.8%
Pérez—-Utrilla Pérez et al. 2009 2 5 1.0%
Pugliese et al. 2006 2 3 07%
Seracchioli et al. 2008 14 22 3.0%
Seracchioli et al. 2015 49 70 52%
Sillou et al. 2015 19 24 3.1%
Uccella et al. 2014 36 43 4.2%
Vercellini et al. 2000 6 6 1.2%
Wang et al. 2015 54 79 5.4%
Yamada et al. 2022 17 27 3.3%
Total (95% CI) 745 73.4%

Heterogeneity: Tau? = 0.0048; Chi? = 39.18, df = 24 (P = 0.0261); I> = 38.7%

Timing = Prospective

Ceccaroni et al. 2019 112 151 6.3%
Donnez et al. 2002 10 17 2.5%
Ghezzi et al. 2006 24 29 3.5%
Malzoni et al. 2016 56 88 5.6%
Mereu et al. 2010 37 50 4.5%
Soriano et al. 2011 37 41 42%
Total (95% CI) 376 26.6%

Heterogeneity: Tau? = 0.0095; Chi® = 14.28, df = 5 (P = 0.0139); I2 = 65%

Total (95% CI)

Test for subgroup differences: Chi? = 1.63, df =1 (P =0.2014)

1121 100.0%
Heterogeneity: Tau? = 0.0066; Chi? = 57.64, df = 30 (P = 0.0018); I = 48.0% ! ! ! !
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Figure 4. Meta-analysis of the proportions of left-sided ureteral lesions (including also studies in which it was not explicitly specified whether
lesions were unilateral or bilateral). Random, random effect model.

was extrapolated from some reports, excluding cases treated by
shaving or disc excision (Supplementary Table S4). However, as
this was not always feasible, a sensitivity analysis was performed
including only studies of patients who underwent segmental
bowel resection, and the result was similar (Supplementary Fig.
S5). The results did not change substantially when only studies
describing patients with exclusively unilateral lesions were con-
sidered, as only 44 patients with clearly described bilateral co-
lonic lesions were excluded. However, the heterogeneity was

markedly decreased and no longer significant in the prospective
group (Supplementary Fig. S6).

Funnel plots were generated for all four endometriosis sites to
assess the potential presence of publication bias in the meta-
analyses (Supplementary Figs S7, S8, S9, and S10). The plots
show the standard error against the proportion of events, with a
symmetrical distribution of studies around the pooled estimate.
Egger’s test for small study effects showed no significant publica-
tion bias for the meta-analyses of uterosacral ligaments, ureter,
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Study or
Subgroup

Left

Events Total Weight IV, Random, 95% CI

IV, Random, 95% CI

Timing = retrospective

Abo et al. 2018 30 46 4.3%
Anaf et al. 2009 20 283 83.8%
Audebert et al. 2018 92 97 4.7%
Bailey et al. 1994 10 12 3.2%
Buffeteau et al. 2023 36 39 42%
Chapron et al. 2006 30 48 4.4%
Fleisch et al. 2005 4 5 21%
Hernandez Gutiérrez et al. 2019 5 14 33%
lanieri et al. 2024 24 26 3.9%
Marcellin et al. 2019 73 118 4.7%
Mohr et al. 2005 12 19 3.6%
Pereira et al. 2009 64 106 4.7%
Prystowsky et al. 1988 4 17 3.5%
Redwine 1999 297 375 4.9%
Roman et al. 2020 432 591 5.0%
Urbach et al. 1998 9 18 3.6%
Weed and Ray 1987 65 107 4.7%
Yantiss et al. 2001 18 29 4.0%
Total (95% CI) 1690 72.7%

Heterogeneity: Tau? = 0.0338; Chi® = 121.82, df = 17 (P <0.0001); I* = 86%

Timing = Prospective

Dobé et al. 2023 16 24 3.9%
Dousset et al. 2010 23 36 4.2%
Faccioli et al. 2010 13 16 3.5%
Keckstein et al. 2005 32 52 4.4%
Martinez-Serrano et al. 2015 25 39 4.2%
Minelli et al. 2009 35 35 4.2%
Zannoni et al. 2017 9 11 3.1%
Total (95% CI) 213 27.3%

Heterogeneity: Tau® = 0.0391; ChiZ = 37.85, df = 6 (P < 0.0001); I> = 84.1%

Total (95% ClI) 1903 100.0%

Heterogeneity: Tau® = 0.0340; ChiZ = 159.76, df = 24 (P <0.0001); I = 85.0% ! ! ! !

Test for subgroup differences: Chi® = 0.45, df = 1 (P = 0.5025)
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Figure 5. Meta-analysis of the proportions of left-sided bowel lesions (including also studies in which it was not explicitly specified whether lesions

were unilateral or bilateral). Random, random effect model.

and bowel endometriosis (P=0.964; P=0.992; and P=0.377, re-
spectively; Supplementary Figs S8, S9, and S10).

Conversely, the funnel plot for ovarian endometriomas shows
an asymmetric distribution of studies around the pooled esti-
mate, suggesting publication bias (Egger test, P=0.012;
Supplementary Fig. S7). To better understand the impact of this
bias on the estimate of ovarian lesion laterality, we performed
some in-depth analyses. We conducted a subgroup analysis di-
viding small studies (<50 participants) from large studies (>50
participants) and calculated Egger’s test excluding small studies.
These two analyses show that Egger’s test on the subgroup of
large studies is not significant (P=0.068; data not shown) and
that the overall meta-analysis estimate is higher for small
studies (left laterality =62.0%; data not shown), and lower and
comparable when considering only (left

large studies

laterality =58.3%; data not shown) or all studies combined (left
laterality =58.7%).

Right preponderance: thoracic and inguinal endometriosis
For these two sites, the populations of women with unilateral
and bilateral lesions were always clearly distinguished in all the
studies considered.

For thoracic endometriosis, 30 studies were identified that fo-
cused on diaphragmatic, pleural, and pulmonary lesions, either
alone or in combination (Flieder et al., 1998; Nezhat et al., 1998,
2014; Redwine, 2002; Bagan et al, 2003; Korom et al.,, 2004;
Marshall et al.,, 2005; Leong et al., 2006; Vercellini et al., 2007;
Ciriaco et al.,, 2009; Harkki et al., 2010; Rousset-Jablonski et al.,
2011; Attaran et al., 2013; Duyos et al., 2014; Haga et al., 2014;
Legras et al., 2014; Ghigna et al., 2015; Inoue et al., 2015; Rousset
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Events Total Weight IV, Random, 95% ClI

IV, Random, 95% CI

Study or Right

Subgroup

Timing = retrospective

Attaran et al. 2013 11 11 21%
Bagan et al. 2003 8 9 1.8%
Bobbio et al. 2024 18 20 3.2%
Campisi et al. 2022 21 24 3.6%
Ceccaroni et al. 2021 196 198 8.2%
Ciriaco et al. 2009 10 10 2.0%
Duyos et al. 2013 5 5 11%
Ezemba et al. 2021 21 21 3.3%
Flieder et al. 1998 7 9 1.8%
Furuta et al. 2018 9 9 1.8%
Ghigna et al. 2015 18 18 3.0%
Haga et al. 2014 91 92 6.8%
Harkki et al. 2010 6 6 1.3%
Inoue et al. 2015 11 12  2.3%
Korom et al. 2004 3 3 0.8%
Legras et al. 2014 51 52 55%
Leong et al. 2006 4 4 0.9%
Marshall et al. 2005 8 8 1.6%
Nezhat et al. 1998 14 16 2.8%
Nezhat et al. 2014 17 22 3.4%
Ochi et al. 2022 159 160 7.9%
Piriyev and Romer 2024 74 80 6.5%
Redwine et al. 2002 7 7 1.5%
Rousset et al. 2016 283 23 3.5%
Rousset-Jablonski et al. 2011 45 46 5.2%
Vercellini et al. 2007 5 6 1.3%
Viti et al. 2020 20 21 3.3%
Wetzel et al. 2021 45 46 5.2%
Total (95% CI) 938 91.7%
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Timing = Prospective

Pagano et al. 2023 60 65 6.0%
Tulandi et al. 2018 12 12 2.3%
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Figure 6. Meta-analysis of the proportions of right-sided thoracic lesions among unilateral lesions. Random, random effect model.

et al., 2016; Furuta et al., 2018; Tulandi et al., 2018; Viti et al., 2020;
Ceccaroni et al., 2021; Ezemba et al., 2021; Wetzel et al., 2021;
Campisi et al., 2022; Ochi et al., 2022; Pagano et al., 2023; Bobbio
et al., 2024; Piriyev and Romer, 2024). Of 1015 patients, 979 had
right-sided lesions, indicating that almost all unilateral thoracic
lesions were located on the right side (98%; 95% CI 96-100%;
P <0.001; I°=38.8%, P=0.017) (Fig. 6). A subgroup analysis was
conducted with studies categorized as retrospective or prospec-
tive. No heterogeneity was identified in the prospective group. To
avoid potential bias due to the surgical difficulty and feasibility

of identifying diaphragmatic lesions, a sensitivity analysis was
also conducted, including patients with pleural endometriotic
lesions only or studies explicitly stating that the entire bilateral
hemidiaphragms were examined. The result was almost
identical, but without heterogeneity (Supplementary Fig. S11). A
further 66 patients with bilateral thoracic lesions were
not considered.

Although rare, inguinal endometriosis has been described in
several case series. In our meta-analysis, shown in Fig. 7, data
were collected from 18 studies comprising 116 patients
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Study Events Total Weight IV, Random, 95% CI IV, Random, 95% CI
Apostolidis et al. 2009 3 3 28% 1.00[0.29; 1.00] —a
Arakawa et al. 2019 13 18 14.8% 0.72[0.47;0.90] —& 88—
Candiani et al. 1991 5 5 44% 1.00[0.48; 1.00] —a
Chou et al. 2023 2 2 20% 1.00][0.16; 1.00] —a
Dormandy 1969 3 3 28% 1.00[0.29; 1.00] —a
Fedele et al. 2007 4 5 44% 0.80[0.28; 0.99] :
Haghgoo et al. 2024 6 7 6.0% 0.86[0.42;1.00]
Jimenez and Miles 1960 4 4 3.6% 1.00[0.40; 1.00] —a
Kapan et al. 2005 2 3 28% 0.67[0.09;0.99] g
Li et al. 2021 8 9 7.6% 0.89[0.52;1.00] —— &
Miranda et al. 2001 1 2 2.0% 0.50[0.01;0.99] # :
Mongelli et al. 2022 2 2 2.0% 1.00[0.16;1.00] —=a
Mu et al. 2021 2 2 2.0% 1.00[0.16;1.00] —a
Niitsu et al. 2019 25 28 22.8% 0.89[0.72;0.98] —-
Pellegrini et al. 1981 2 2 2.0% 1.00[0.16; 1.00] —a
Sun et al. 2010 8 9 7.6% 0.89[0.52;1.00] — 8
Wolfhagen et al. 2018 7 9 7.6% 0.78[0.40; 0.97]
Yang et al. 2010 3 3 2.8% 1.00[0.29; 1.00] —
Total (95% CI) 116 100.0% 0.92 [0.83; 0.98] -
Heterogeneity: Tau® = 0; Chi? = 8.02, df = 17 (P = 0.9662); I? = 0.0% ' ! ' '
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Figure 7. Meta-analysis of the proportions of right-sided inguinal lesions among unilateral lesions. Random, random effect model.

(Dormandy, 1956; Jimenez and Miles, 1960; Pellegrini et al., 1981,
Candiani et al., 1991; Miranda et al., 2001; Kapan et al.,, 2005;
Fedele et al., 2007; Apostolidis et al., 2009; Sun et al., 2010; Yang
et al., 2010; Wolfhagen et al., 2018; Arakawa et al., 2019; Niitsu
et al.,, 2019; Li et al., 2021; Mu et al.,, 2021; Mongelli et al., 2022;
Chou et al., 2023; Haghgoo et al., 2024). A total of 100 patients had
inguinal lesions on the right side (92%; 95% CI 83-98%, P < 0.001;
’=0%, P=0.966). A sensitivity analysis was performed after re-
moving the studies by Arakawa et al. (2019) and Haghgoo et al.
(2024), as some lesions were assessed by magnetic resonance im-
aging or ultrasound rather than surgical excision. However, the
results remained essentially unchanged (94%; 95% CI 86-100%,
P<0.001; I?=0%, P=0.983; data not shown). Only five excluded
patients had bilateral inguinal lesions.

The funnel plots for thoracic and inguinal endometriosis did
not suggest a publication bias by visual inspection (Supplementary
Figs S12 and S13). No significant small study effect was detected at
Egger’s test (P=0.134 and P =0.272, respectively).

Discussion
Main findings
After pooling a large amount of data, we observed a consistent
and statistically significant asymmetry in the lateral distribution
of potentially bilateral endometriotic lesions (left preponderance:
ovary, 58%; USL, 56%,; ureter, 71%; colon, 72%; and right prepon-
derance: thorax, 98%; inguinal, 92%).

In addition, the asymmetry was observed on either the right
or left side, depending on the type of lesion considered, thus

supporting the hypothesis that endometriosis is an asymmetrical
disease. The side preponderance appears to be lesion-specific
and may be determined by physical (gravity), anatomical (organs
and structures that channel refluxed blood and endometrium
into protected niches), and physiological (clockwise peritoneal
fluid flow, colonic peristalsis, and the rhythmic up and down
movements of the diaphragm, a ‘thoracoabdominal pump’ that
causes rapid inversions of hydrostatic pressures) factors
(Vercellini et al., 2007; Bricou et al., 2008).

The rectosigmoid may shelter endometrial fragments refluxed
through the left tube, creating local anatomical niches. The left
hemipelvis would thus be protected from the peritoneal fluid flow
and the intense ileal peristalsis, factors that should generally inter-
fere with cell attachment. This could favour the implantation of en-
dometrial cells on the surface of the left structures (Vercellini et al,
1998, 2000b, 2004; Al-Fozan and Tulandi, 2003; Parazzini, 2003;
Chapron et al., 2006; Scioscia et al., 2011; Audebert et al., 2018; Kwok
et al., 2020; Araujo et al., 2021; Pagano et al., 2023). The peritoneum is
laid like a sheet over strings formed by the uterosacral ligaments.
This creates a deep central retro-uterine pouch (pouch of Douglas)
which is covered by the anterior rectal wall. Rectovaginal endome-
triosis develops in this protected anatomical recess. Two smaller
pouches are formed on the lateral aspects of both uterosacral liga-
ments. However, the sigmoid mainly protects the left uterosacral
pouch, as the cecum lies more cranially. This may explain the lat-
eral preponderance of left uterosacral endometriotic nodules
(Chapron et al., 2001) and ureteral endometriosis. Indeed, obstructive
uropathy very often occurs as a secondary manifestation of exten-
sive fibrosis of the lateral parametrium.
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The right preponderance of inguinal endometriosis is likely
also explained by the relatively cranial position of the cecum,
which does not prevent endometrial fragments from being chan-
nelled through the ipsilateral internal inguinal ring (Candiani
et al., 1991). The right preponderance of the right diaphragmatic
and pleural endometriotic lesions appears to be caused by endo-
metrial fragments being transported by the clockwise peritoneal
fluid flow along the right paracolic gutter and the right hemi-
diaphragm, only to be blocked by the anatomical barrier created
by the falciform ligament (Vercellini et al., 2007; Bricou et al.,
2008). The anatomical recess formed by the posterior hepatic
edge, the abdominal diaphragmatic surface, and the falciform
ligament favours local implantation of the endometrial frag-
ments. During inspiration, the diaphragm descends, reducing the
intrathoracic negative pressure and increasing the intra-
abdominal pressure. This thoracoabdominal pump may facilitate
the upward migration of endometrial cells that would be ‘sucked
in’ through small diaphragm defects or cribriform fenestrations
and remain trapped under the right basal pleural layer (Bricou
et al., 2008).

Thus, the findings of the present overview confirm the possi-
ble existence of two main asymmetric compartments where
transtubally refluxed endometrial fragments may more easily
implant due to the creation of anatomical recesses and protec-
tion from the peritoneal fluid flow, i.e. a left hemipelvic endome-
triosis compartment, including the left ovary, uterosacral
ligament, ureter and sigmoid colon, and a right hypochondrium
endometriosis compartment, including the right diaphragm and
pleura (Vercellini et al., 2007; Bricou et al., 2008; Rousset-Jablonski
etal., 2011; Pagano et al., 2023; Dridi et al., 2025).

Strengths and limitations

This comprehensive meta-analysis included a total of 20 718
patients of different nationalities and ethnicities from 154 stud-
ies conducted over almost four decades in 29 countries on five
continents. The large amount of data and the consistency of the
results observed across different types of endometriosis support
the validity of the study hypothesis and allow generalization
of the results. The PRISMA guidelines were carefully followed,
and the literature searches and data extraction carried out in the
different participating centres were systematically double-
checked by two authors (V.B. and C.P.) from the coordinat-
ing centre.

Selection, ascertainment, and reporting bias cannot be
completely ruled out, particularly for lesions that are difficult to
identify, such as endometriotic diaphragmatic nodules/cysts,
which are usually hidden behind the right hepatic lobe and can
be visualized at laparoscopy by pushing down the liver paren-
chyma with a blunt probe (Nezhat et al., 1998). Regarding bowel
and USL lesions, substantial heterogeneity could be explained by
variability in surgical approaches, both across studies and some-
times even within the same cohort. For uterosacral lesions, het-
erogeneity may also reflect differences in the operator’s
awareness and accuracy in describing intraoperative findings.
Although restricting the analysis to patients with pathologically
proven disease reduced bias related to uncertain diagnoses, het-
erogeneity in the USL meta-analysis remained high, even when
limiting the analysis to studies involving major surgery. For
bowel endometriosis, we hypothesized that an additional source
of variability might be the difficulty in determining whether mul-
tiple resections indicated bilateral disease or multiple lesions on
the same side. Heterogeneity persisted even when analyses were
restricted to studies that explicitly distinguished unilateral from

bilateral cases. Moreover, most of these studies were

retrospective (18 out of 25) and based on small cohorts, factors
that may have contributed to variability. Overall, despite several
subgroup and sensitivity analyses, residual heterogeneity could
not be eliminated, indicating that pooled estimates for these sites
should be interpreted with caution.

In addition, a publication bias cannot be ruled out. Consistent
with this, Egger’s test indicated a potential small study effect in
the meta-analysis of ovarian endometriomas (P=0.012), suggest-
ing a cautious interpretation of the pooled estimate. Indeed, this
is the most common site of endometriotic lesions, and many
articles have specifically aimed to assess asymmetry at this site.
In contrast, for other anatomical locations, laterality is often
reported incidentally as part of other study endpoints. However,
our additional analyses showed that the bias detected was re-
lated to small studies (since it was no longer significant when
only larger studies were considered) and that, whether small
studies are included or excluded, the overall estimate remains
substantially comparable. Therefore, we believe that the effect of
publication bias on the pooled estimate is negligible.

A further limitation of this review is that 126 out of the 154 in-
cluded studies were retrospective, and the vast majority of the
considered cohorts were small (<50 participants). This may exert
a detrimental effect on the strength of our findings and may also
increase the risk of publication bias.

We do not believe that the exclusion of bilateral lesions from
most of the meta-analyses is a limitation of our review.
Estimating laterality while considering bilateral lesions would, in
fact, imply adding right (or left) lesions to both the numerator
and the denominator, which is both statistically inappropriate
and redundant. In addition, the main meta-analyses included
studies in which unilateral and bilateral lesions may have been
mixed, as this distinction was not always reported. However, in
the subset of patients analysed in the sensitivity analyses, where
unilateral and bilateral lesions were explicitly distinguished, the
proportion of patients with bilateral lesions was a minority, i.e.
26% (3032/11 811) for ovarian endometrioma, 42% (818/1921) for
USL endometriosis, 14% (155/1089) for ureteral endometriosis,
15% (44/291) for bowel endometriosis, 6% (66/1081) for thoracic
endometriosis, and 4% (5/121) for inguinal endometriosis.

It is important to note that the asymmetry in the lateral distri-
bution of the lesions was observed on both the left and the right
side. This is pathogenically relevant because it seems unclear
how embryological or biological mechanisms could plausibly ex-
plain the opposite lateral asymmetry of different endometriotic
lesions (i.e. ovarian, intestinal and ureteral endometriosis on the
left side, and inguinal, diaphragmatic, and pleural endometriosis
on the right side).

Finally, our findings are consistent with those regarding asym-
metry in the development of other lesion types not considered in
this review, such as sciatic nerve endometriosis (Vercellini et al.,
2003) and clear-cell (Vercellini et al., 2000c) and endometrioid
ovarian cancer (Vercellini et al., 2000c; McMullan et al., 2024), i.e.
gonadal malignancies presumably originating from ectopic
endometrium.

Comparison with existing literature

An asymmetrical lateral distribution has been reported for sev-
eral types of endometriotic lesions (Chapron et al., 2006; Legras
et al, 2014; Knabben et al, 2015; Matalliotakis et al., 2017;
Audebert et al., 2018; Haghgoo et al., 2024). However, Guo et al.
(2008), after reviewing the relevant reports published up to
October 2006, observed that the excess of left-sided over right-
sided cases decreased from 78% to 5% as the sample size of the
studies increased. According to the authors, small studies with a
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higher proportion of unilateral lesions and a higher asymmetry
in the lateral lesion distribution cannot be used to demonstrate
the validity of the retrograde menstruation theory because the
estimates are imprecise and random fluctuations of data are
likely. Conversely, larger studies with a higher proportion of bi-
lateral lesions would support the metaplasia theory (Guo
et al., 2008).

In our review, the heterogeneity of results for some lesion
types was no longer statistically significant and/or markedly re-
duced when only prospective studies, which are likely to report
higher quality evidence than retrospective studies, were consid-
ered. For example, for ovarian endometriomas, the I? was 4.9% in
prospective studies and 48.9% in retrospective studies. The corre-
sponding percentages for uterosacral ligament lesions were
52.8% and 72.2%. The same was true when sensitivity analyses
were performed. Therefore, the inclusion of the many studies
published after 2006 significantly reduced the extreme quantita-
tive inconsistency found by Guo et al. (2008).

Chapron et al. (2001) also observed an asymmetry in the lat-
eral distribution of deep endometriosis infiltrating the uterosac-
ral ligaments. Nonetheless, they proposed a different pathogenic
interpretation to retrograde menstruation involving implantation
into anatomical niches. Since ovulation appears to occur more
frequently in the right ovary, a natural progesterone exposure
gradient would be created, which would act as a protective factor
against endometriosis development in the right hemipelvis
(Chapron et al., 2001). However, this would not explain the oppo-
site asymmetry in the distribution of endometriotic lesions in the
upper abdomen and thorax.

Implications for research and clinical practice

The results of our meta-analysis may already have clinical impli-
cations, as they support the pathogenic role of retrograde men-
struation in the establishment of endometriosis and add to the
recent growing body of evidence in favour of such a theory
(Konrad et al., 2019; Bulun, 2022; Salmeri et al., 2024; Vercellini
et al., 2024d, e, 2025b; Vigano et al., 2024). This aetiological back-
ground should be integrated into the overall clinical scenario of
the endometriotic disease, which seems to be characterized by:
(i) early onset in the postmenarcheal years (Hirsch et al., 2020; Lu
et al., 2023; Vercellini et al., 2024b, 2025a; Oliveira et al., 2025); (ii)
prolonged diagnostic delay (De Corte et al., 2025); and (iii) a ten-
dency to progress to complicated forms associated with infertility
and severe symptoms, with a need for demanding surgery
(Agarwal et al., 2019; Ding et al., 2020; Coccia et al., 2022; Knez
et al., 2023; Bandini et al., 2024). If retrograde menstruation is the
trigger for the whole chain of events, suppression of ovulatory
menses could be considered in adolescents and young women
who complain of severe and disabling menstrual symptoms and
do not respond to non-steroidal anti-inflammatory drugs
(Martire et al., 2023; Chapron et al., 2024; Vercellini et al., 2024a,c),
as secondary prevention could modify the course of the disease.

Conclusion

The results of this comprehensive systematic review and meta-
analysis confirm the asymmetrical lateral distribution of endo-
metriotic lesions in bilateral organs and structures, increase the
precision of percentage estimates, and substantially reduce the
previously observed quantitative heterogeneity. The difference
between the two sides was statistically significant for all the dif-
ferent types of lesions considered. In addition, the lateral prepon-
derance was observed on either the right or the left side,
depending on the specific lesions considered. In particular, pelvic

endometriotic lesions (ovaries, uterosacral ligaments, bowel)
were significantly more frequent on the left side, whereas tho-
racic and inguinal lesions exhibited a right-side predominance.
For each type of lesion, the lateral asymmetry could be explained
by physical, anatomical, and dynamic/functional factors that de-
termine the abdominal distribution and implantation of transtu-
bally refluxed endometrial fragments. Because the coelomic
metaplasia and the embryonic cell remnant theories do not ap-
pear to be compatible with the above anatomical pattern, the in
situ development of the most commonly observed endometriotic
lesions seems unlikely.

Supplementary data

Supplementary data are available at Human Reproduction
Open online.

Data availability

The data included in this article were extracted from the pub-
lished original articles. No new data were generated in support of
this research.

Acknowledgements

We are all grateful to Dr Giorgio Aimi, who, during the mid-
nineties, first noticed the asymmetrical distribution of ovarian
endometriomas, thus triggering the line of research that, over
the last three decades, is now summarized in this systematic re-
view. We also wish to thank the following collaborators for their
assistance in identifying and retrieving articles: Nicola Berlanda,
Agnese Donati, Martina Grandinetti, Cecilia Manaresi, Caterina
Borso, Jessica Ottolina, Sara D’Alessandro, Giulia Carnemolla,
Valentino Bergamini, the late Francesco Fedele, Alberto Mattei,
Karin Louise Andersson, Simona Del Forno, Linda Bertoldo,
Stefania Saponara, Eugenio Pedace, Maria Federica Viscardi,
Gabriele Centini, Matteo Giorgi, Alessandro Ginetti, Francesco
Giuseppe Martire, Francesco Maneschi, Eliana Fuggetta,
Antonella Mercurio, Walter Alio, Desiree La Vecchia, Giulia
Colapietro, Ilaria Mazzera, and Matilde Degano.

Authors’ roles

P.V. conceived the study. V.B. and S.C. provided methodological
support and performed the data analyses. S.A., L.B., AB., M.C.,
V.C,MN.D,DI,LL,AM, LM, AP, FP, M.GP,DR, VR, GR,
FS,S.S, MS, RS, ES, GS, RV, MV, GV, V.Y, F.Z and E.Z
made substantial contributions to the study design and data ac-
quisition. V.B., S.C., C.P. and P.V. participated in the collection of
data and coordinated and supervised the entire meta-analysis
process. All authors contributed to drafting and critically revising
the manuscript. All authors approved the final version of the
manuscript and agreed to be accountable for all aspects of
the work. All authors of this manuscript are members of the
Endometriosis Treatment Italian Club.

Funding

The open access facility of this paper was funded by Italian
Ministry of Health, Current Research IRCCS Ca’ Granda Ospedale
Maggiore Policlinico, Milan, Italy.


https://academic.oup.com/hropen/article-lookup/doi/10.1093/hropen/hoaf064#supplementary-data

14 | Bandinietal.

Conflict of interest

P.V. is a member of the Editorial Board of Human Reproduction
Open, the Journal of Obstetrics and Gynaecology Canada, and the
International Editorial Board of Acta Obstetricia et Gynecologica
Scandinavica, has received royalties from Wolters Kluwer for
chapters on endometriosis management in the clinical decision
support resource UpToDate, and maintains both a public and
private gynaecological practice. All other authors declare no
conflicts of interest.

References

AbbottJA, Hawe J, Clayton RD, Garry R. The effects and effectiveness
of laparoscopic excision of endometriosis: a prospective study
with 2-5 year follow-up. Hum Reprod 2003;18:1922-1927.

Abdalla Ribeiro HS, da Costa Porto BT, Bassoi L, Ninomiya GY,
Tomasi MC, Cervantes GV, Ayroza Ribeiro P. Effect of nodule size
on symptoms and the choice of surgical technique in patients
with bladder endometriosis. J Endometr Pelvic Pain Disord 2021;
13:53-57.

Abo C, Moatassim S, Marty N, Saint Ghislain M, Huet E, Bridoux V,
Tuech TT, Roman H. Postoperative complications after bowel en-
dometriosis surgery by shaving, disc excision, or segmental re-
section: a three-arm comparative analysis of 364 consecutive
cases. Fertil Steril 2018;109:172-178.e1.

Agarwal SK, Chapron C, Giudice LC, Laufer MR, Leyland N, Missmer
SA, Singh SS, Taylor HS. Clinical diagnosis of endometriosis: a
call to action. AmJ Obstet Gynecol 2019;220:354.e1-354.e12.

Alborzi S, Hosseini-Nohadani A, Poordast T, Shomali Z. Surgical out-
comes of laparoscopic endometriosis surgery: a 6 year experi-
ence. Curr Med Res Opin 2017;33:2229-2234.

Al-Fozan H, Tulandi T. Left lateral predisposition of endometriosis
and endometrioma. Obstet Gynecol 2003;101:164-166.

Al-Khawaja M, Tan PH, MacLennan GT, Lopez-Beltran A, Montironi
R, Cheng L. Ureteral endometriosis: clinicopathological and
immunohistochemical study of 7 cases. Hum Pathol 2008,
39:954-959.

Anaf V, el Nakadi IE, de Moor V, Coppens E, Zalcman M, Noel JC.
Anatomic significance of a positive barium enema in deep infil-
trating endometriosis of the large bowel. World J Surg 2009;
33:822-827.

Antonelli A, Simeone C, Zani D, Sacconi T, Minini G, Canossi E,
Cosciani Cunico S. Clinical aspects and surgical treatment of uri-
nary tract endometriosis: our experience with 31 cases. Eur Urol
2006;49:1093-1098.

Apostolidis S, Michalopoulos A, Papavramidis TS, Papadopoulos VN,
Paramythiotis D, Harlaftis N. Inguinal endometriosis: three cases
and literature review. South Med ] 2009;102:206-207.

Arakawa T, Hirata T, Koga K, Neriishi K, Fukuda S, Ma S, Sun H,
Nagashima N, Harada M, Hirota Y et al. Clinical aspects and man-
agement of inguinal endometriosis: a case series of 20 patients.
J Obstet Gynaecol Res 2019;45:2029-2036.

Araujo RSDC, Maia SB, Lucio JD, Lima MD, Ribeiro HSAA, Ribeiro
PAAG. Mapping of endometriosis in patients with unilateral
endometrioma. Medicine (Baltimore) 2021;100:e26979.

Ari SA, Akdemir A, Serin G, Ulukus M, Sendag F. Is the presence of
deep infiltrative endometriosis underestimated in the surgical
management of endometriosis? Ginekol Pol 2023;94:41-45.

As-Sanie S, Mackenzie SC, Morrison L, Schrepf A, Zondervan KT,
Horne AW, Missmer SA. Endometriosis: a review. Jama 2025;
334:64-78.

Attaran S, Bille A, Karenovics W, Lang-Lazdunski L. Videothoracoscopic
repair of diaphragm and pleurectomy/abrasion in patients with

catamenial pneumothorax: a 9-year experience. Chest 2013;
143:1066-1069.

Audebert A, Petousis S, Margioula-Siarkou C, Ravanos K, Prapas N,
Prapas Y. Anatomic distribution of endometriosis: a reappraisal
based on series of 1101 patients. Eur J Obstet Gynecol Reprod Biol
2018;230:36—40.

Azioni G, Bracale U, Scala A, Capobianco F, Barone M, Rosati M,
Pignata G. Laparoscopic ureteroneocystostomy and vesicopsoas
hitch for infiltrative ureteral endometriosis. Minim Invasive Ther
Allied Technol 2010;19:292-297.

Bagan P, Le Pimpec Barthes F, Assouad J, Souilamas R, Riquet M.
Catamenial pneumothorax: retrospective study of surgical treat-
ment. Ann Thorac Surg 2003;75:378-381; discusssion 381.

Bailey HR, Ott MT, Hartendorp P. Aggressive surgical management
for advanced colorectal endometriosis. Dis Colon Rectum 1994;
37:747-753.

Bandini V, Giola F, Ambruoso D, Cipriani S, Chiaffarino F, Vercellini
P. The natural evolution of untreated deep endometriosis and
the effect of hormonal suppression: a systematic literature re-
view and meta-analysis. Acta Obstet Gynecol Scand 2024
103:1722-1735.

Bazi T, Abi Nader K, Seoud MA, Charafeddine M, Rechdan JB, Zreik
TG. Lateral distribution of endometriomas as a function of age.
Fertil Steril 2007;87:419-421.

Bazot M, Jarboui L, Ballester M, Touboul C, Thomassin-Naggara I,
Darai E. The value of MRI in assessing parametrial involvement
in endometriosis. Hum Reprod 2012;27:2352-2358.

Bhurke AV, DasMahapatra P, Balakrishnan S, Khan SA, Mortlock S,
Das V, Chellamma N, Cheruvara Vadakkathil S, Srivastava A,
Majumdar A et al. Clinical characteristics and surgical manage-
ment of endometriosis-associated infertility: a multicenter pro-
spective cohort study. Int J Gynaecol Obstet 2022;159:86-96.

Bindra V, Madhavi N, Mohanty GS, Nivya K, Balakrishna N. Pre-oper-
ative mapping and structured reporting of pelvic endometriotic
lesions on dynamic ultrasound and its correlation on laparos-
copy using the #ENZIAN classification. Arch Gynecol Obstet 2023;
307:179-186.

Bobbio A, Gherzi L, Tormen F, Sion A, Prieto M, Daffre E, Fournel L,
Alifano M. A surgical series on endometriosis-related diaphrag-
matic hernia. Gen Thorac Cardiovasc Surg 2024;72:668-673.

Bosev D, Nicoll LM, Bhagan L, Lemyre M, Payne CK, Gill H, Nezhat C.
Laparoscopic management of ureteral endometriosis: the
Stanford University Hospital experience with 96 consecutive
cases. ] Urol 2009;182:2748-2752.

Bouaziz J, Dotan Z, Zajicek M, Zolti M, Carp H, Goldenberg M,
Seidman SD, Soriano D. Laparoscopic findings associated with
bladder endometriosis are correlated with disease severity.
J Laparoendosc Adv Surg Tech A 2017;27:1245-1250.

Bricou A, Batt RE, Chapron C. Peritoneal fluid flow influences ana-
tomical distribution of endometriotic lesions: why Sampson
seems to be right. Eur ] Obstet Gynecol Reprod Biol 2008;
138:127-134.

Buffeteau A, Weyl A, Vavasseur A, Meilleroux J, Pointreau A, Griffier
R, Chantalat E, Vidal F. MRI and rectal endoscopy sonography
performance to diagnose the digestive depth infiltration of pelvic
endometriosis. Arch Gynecol Obstet 2023;307:51-58.

Bulun SE. Endometriosis. N EnglJ Med 2009;360:268-279.

Bulun SE. Endometriosis caused by retrograde menstruation: now
demonstrated by DNA evidence. Fertil Steril 2022;118:535-536.
Bulun SE, Yilmaz BD, Sison C, Miyazaki K, Bernardi L, Liu S,
Kohlmeier A, Yin P, Milad M, Wei J. Endometriosis. Endocr Rev

2019;40:1048-1079.

Campisi A, Ciarrocchi AP, Grani G, Sanna S, Congiu S, Mazzarra S,
Argnani D, Salvi M, Stella F. The importance of diaphragmatic



Lateral distribution of endometriotic lesions | 15

surgery, chemical pleurodesis and postoperative hormonal ther-
apy in preventing recurrence in catamenial pneumothorax: a
retrospective cohort study. Gen Thorac Cardiovasc Surg 2022;
70:818-824.

Candiani GB, Vercellini P, Fedele L, Vendola N, Carinelli S, Scaglione
V. Inguinal endometriosis: pathogenetic and clinical implica-
tions. Obstet Gynecol 1991;78:191-194.

Ceccaroni M, Ceccarello M, Caleffi G, Clarizia R, Scarperi S,
Pastorello M, Molinari A, Ruffo G, Cavalleri S. Total laparoscopic
ureteroneocystostomy for ureteral endometriosis: a single-
center experience of 160 consecutive patients. ] Minim Invasive
Gynecol 2019;26:78-86.

Ceccaroni M, Roviglione G, Farulla A, Bertoglio P, Clarizia R, Viti A,
Mautone D, Ceccarello M, Stepniewska A, Terzi AC. Minimally in-
vasive treatment of diaphragmatic endometriosis: a 15-year sin-
gle referral center’s experience on 215 patients. Surg Endosc 2021,
35:6807-6817.

Channabasavaiah AD, Joseph JV. Thoracic endometriosis: revisiting
the association between clinical presentation and thoracic pa-
thology based on thoracoscopic findings in 110 patients. Medicine
(Baltimore) 2010;89:183-188.

Chapron C, Chiodo I, Leconte M, Amsellem-Ouazana D, Chopin N,
Borghese B, Dousset B. Severe ureteral endometriosis: the intrin-
sic type is not so rare after complete surgical exeresis of deep
endometriotic lesions. Fertil Steril 2010;93:2115-2120.

Chapron C, Chopin N, Borghese B, Foulot H, Dousset B, Vacher-
Lavenu MC, Vieira M, Hasan W, Bricou A. Deeply infiltrating
endometriosis: pathogenetic implications of the anatomical dis-
tribution. Hum Reprod 2006;21:1839-1845.

Chapron C, Fauconnier A, Dubuisson JB, Vieira M, Bonte H, Vacher-
Lavenu MC. Does deep endometriosis infiltrating the uterosacral
ligaments present an asymmetric lateral distribution? BJOG
2001;108:1021-1024.

Chapron C, Marcellin L, Maitrot-Mantelet L, Bourdon M, Maignien C,
Parpex G, Santulli P. Questionnaire-based screening of adoles-
cents and young adult women can identify markers associated
with endometriosis. Hum Reprod 2024;39:1664-1672.

Chopin N, Ballester M, Borghese B, Fauconnier A, Foulot H, Malartic
C, Chapron C. Relation between severity of dysmenorrhea and
endometrioma. Acta Obstet Gynecol Scand 2006;85:1375-1380.

Chou CW, Lai PT, Huang CC, Hong JB, Tai YJ. Primary spontaneous
inguinal endometriosis: two cases with emphasis on the diagnos-
tic approach. Taiwan J Obstet Gynecol 2023;62:474-479.

Ciavattini A, Montik N, Baiocchi R, Cucculelli N, Tranquilli AL. Does
previous surgery influence the asymmetric distribution of endo-
metriotic lesions? Gynecol Endocrinol 2004;19:253-258.

Ciriaco P, Negri G, Libretti L, Carretta A, Melloni G, Casiraghi M,
Bandiera A, Zannini P. Institutional report—thoracic non-
oncologic surgical treatment of catamenial pneumothorax: a
single centre experience. Interact Cardiovasc Thorac Surg 2009;
8:349-352.

Coccia ME, Nardone L, Rizzello F. Endometriosis and infertility: a
long-life approach to preserve reproductive integrity. Int J Environ
Res Public Health 2022;19:6162.

Coccia ME, Rizzello F, Mariani G, Bulletti C, Palagiano A, Scarselli G.
Ovarian surgery for bilateral endometriomas influences age at
menopause. Hum Reprod 2011;26:3000-3007.

Dafna L, Ganer Herman H, Ginath S, Ginat S, Shalev A, Kerner R,
Keidar R, BarJ, Sagiv R. Comparison of emergent and elective sur-
geries of endometriomas: is adnexal torsion a concern? Isr Med
Assoc] 2019;21:251-254.

Darwish B, Stochino-Loi E, Pasquier G, Dugardin F, Defortescu G,
Abo C, Roman H. Surgical outcomes of urinary tract deep infil-
trating endometriosis. ] Minim Invasive Gynecol 2017;24:998-1006.

De Corte P, Klinghardt M, von Stockum S, Heinemann K. Time to di-
agnose endometriosis: current status, challenges and regional
characteristics — a systematic literature review. BJOG 2025;
132:118-130.

Di Giovanni A, Montanari E, Hudelist G, Malzoni M, Keckstein J.
Comparison between sonography-based and surgical evaluation
of endometriotic lesions using the #Enzian classification—a ret-
rospective data analysis. Ultraschall Med 2023;44:290-298.

Ding D, Wang X, Chen Y, Benagiano G, Liu X, Guo SW. Evidence in
support for the progressive nature of ovarian endometriomas. J
Clin Endocrinol Metab 2020;105:dgaa189.

Dobé N, Mérki G, Hudelist G, Csibi N, Brubel R, Acs N, Bokor A.
Laparoscopic natural orifice specimen extraction colectomy ver-
sus conventional laparoscopic colorectal resection in patients
with rectal endometriosis: a randomized, controlled trial. Int J
Surg 2023;109:4018-4026.

Donnez J, Nisolle M, Gillerot S, Smets M, Bassil S, Casanas-Roux F.
Rectovaginal septum adenomyotic nodules: a series of 500 cases.
BrJ Obstet Gynaecol 1997;104:1014-1018.

Donnez J, Nisolle M, Squifflet J. Ureteral endometriosis: a complica-
tion of rectovaginal endometriotic (adenomyotic) nodules. Fertil
Steril 2002;77:32-37.

Dormandy TL. Inguinal endometriosis. Lancet 1956;270:832-834.

Dousset B, Leconte M, Borghese B, Millischer AE, Roseau G,
Arkwright S, Chapron C. Complete surgery for low rectal endo-
metriosis: long-term results of a 100-case prospective study. Ann
Surg 2010;251:887-895.

Dridi D, Ottolini FL, Ambruoso D, Bandini V, Chiaffarino F, Cetera
GE, Barbara G. Clinical features and management of thoracic en-
dometriosis: a 20-year monocentric retrospective study. Arch
Gynecol Obstet 2025;311:1733-1742.

Duyos I, Lépez-Carrasco A, Herndndez A, Zapardiel I, de Santiago J.
Management of thoracic endometriosis: single institution experi-
ence. Eur] Obstet Gynecol Reprod Biol 2014;178:56-59.

Egger M, Smith GD, Schneider M, Minder C. Bias in meta-analysis
detected by a simple, graphical test. BMJ 1997;315:629-634.

Endometriosis Initiative Group. A call for new theories on the patho-
genesis and pathophysiology of endometriosis. ] Minim Invasive
Gynecol 2024;31:371-377.

Ercan CM, Duru NK, Karasahin KE, Coksuer H, Dede M, Baser I.
Ultrasonographic evaluation and anti-mullerian hormone levels
after laparoscopic stripping of unilateral endometriomas. Eur J
Obstet Gynecol Reprod Biol 2011;158:280-284.

Ezemba N, Okafor OC, Emeruem NU, Adiri CO. Thoracic endometri-
osis syndrome in Nigeria: a single-centre experience. Interact
Cardiovasc Thorac Surg 2021;32:256-262.

Faccioli N, Foti G, Manfredi R, Mainardi P, Spoto E, Ruffo G, Minelli L,
Mucelli PR. Evaluation of colonic involvement in endometriosis:
double-contrast barium enema vs. magnetic resonance imaging.
Abdom Imaging 2010;35:414-421.

Fedele L, Bianchi S, Frontino G, Zanconato G, Rubino T. Radical exci-
sion of inguinal endometriosis. Obstet Gynecol 2007;110:530-533.

Fernando S, Soh PQ, Cooper M, Evans S, Reid G, Tsaltas ], Rombauts
L. Reliability of visual diagnosis of endometriosis. ] Minim Invasive
Gynecol 2013;20:783-789.

Ferrero S, Ragni N, Fulcheri E. Lateral distribution of benign ovarian
cysts. IntJ Gynaecol Obstet 2005;89:150-151.

Fleisch MC, Xafis D, Bruyne F D, Hucke ], Bender HG, Dall P. Radical
resection of invasive endometriosis with bowel or bladder in-
volvement—long-term results. Eur ] Obstet Gynecol Reprod Biol
2005;123:224-229.

Flieder DB, Moran CA, Travis WD, Koss MN, Mark EJ. Pleuro-pulmo-
nary endometriosis and pulmonary ectopic deciduosis: a



16 | Bandinietal.

clinicopathologic and immunohistochemical study of 10 cases
with emphasis on diagnostic pitfalls. Hum Pathol 1998;
29:1495-1503.

Freger SM, Turnbull V, McGowan K, Leonardi M. Prospective diag-
nostic test accuracy of transvaginal ultrasound posterior ap-
proach for uterosacral ligament and torus uterinus deep
endometriosis. Ultrasound Obstet Gynecol 2024;63:263-270.

Frenna V, Santos L, Ohana E, Bailey C, Wattiez A. Laparoscopic man-
agement of ureteral endometriosis: our experience. ] Minim
Invasive Gynecol 2007;14:169-171.

Fujii S. Secondary miillerian system and endometriosis. Am J Obstet
Gynecol 1991;165:219-225.

Furuta C, Yano M, Numanami H, Yamaji M, Taguchi R, Haniuda M.
Nine cases of catamenial pneumothorax: a report of a single-
center experience. J Thorac Dis 2018;10:4801-4805.

Garcia-Velasco JA, Vigano P, Somigliana E. Twenty-five years of re-
search in endometriosis. Reprod Biomed Online 2025;50:104830.
Ghezzi F, Beretta P, Franchi M, Parissis M, Bolis P. Recurrence of ovar-
ian endometriosis and anatomical location of the primary lesion.

Fertil Steril 2001;75:136-140.

Ghezzi F, Cromi A, Bergamini V, Serati M, Sacco A, Mueller MD.
Outcome of laparoscopic ureterolysis for ureteral endometriosis.
Fertil Steril 2006;86:418-422.

Ghigna MR, Mercier O, Mussot S, Fabre D, Fadel E, Dorfmuller P, de
Montpreville VT. Thoracic endometriosis: clinicopathologic
updates and issues about 18 cases from a tertiary referring cen-
ter. Ann Diagn Pathol 2015;19:320-325.

Giudice LC, Kao LC. Endometriosis. Lancet 2004;364:1789-1799.

Guo SW, WangY, Liu X, Olive DL. Laterality and asymmetry of endo-
metriotic lesions. Fertil Steril 2008;89:33-41.

Haga T, Kataoka H, Ebana H, Otsuji M, Seyama K, Tatsumi K,
Kurihara M. Thoracic endometriosis-related pneumothorax dis-
tinguished from primary spontaneous pneumothorax in females.
Lung 2014;192:583-587.

Haghgoo A, Faegh A, Mostafavi SRS, Zamani HR, Ghahremani M.
Inguinal endometriosis: a case series and review of the literature.
J Med Case Rep 2024;18:83.

Harada M, Takahashi N, Hirata T, Koga K, Fujii T, Osuga Y.
Laparoscopic excision of ovarian endometrioma does not exert a
qualitative effect on ovarian function: insights from in vitro fer-
tilization and single embryo transfer cycles. J Assist Reprod Genet
2015;32:685-689.

Harkki P, Jokinen JJ, Salo JA, Sihvo E. Menstruation-related spontane-
ous pneumothorax and diaphragmatic endometriosis. Acta
Obstet Gynecol Scand 2010;89:1192-1196.

Herndndez Gutiérrez A, Spagnolo E, Zapardiel I, Garcia-Abadillo
Seivane R, Lépez Carrasco A, Salas Bolivar P, Pascual Miguelanez
I. Post-operative complications and recurrence rate after treat-
ment of bowel endometriosis: comparison of three techniques.
EurJ Obstet Gynecol Reprod Biol X 2019;4:100083.

Hirsch M, Dhillon-Smith R, Cutner AS, Yap M, Creighton SM.
The prevalence of endometriosis in adolescents with pelvic
pain: a systematic review. ] Pediatr Adolesc Gynecol 2020;
33:623-630.

Horne AW, Missmer SA. Pathophysiology, diagnosis, and manage-
ment of endometriosis. BMJ 2022;379:e070750.

Hudelist G, Oberwinkler KH, Singer CF, Tuttlies F, Rauter G, Ritter O,
Keckstein J. Combination of transvaginal sonography and clinical
examination for preoperative diagnosis of pelvic endometriosis.
Hum Reprod 2009;24:1018-1024.

Hung ZC, Hsu TH, Jiang LY, Chao WT, Wang PH, Chen WJ, Huang E,
Chen YJ, T L Lin A. Robot-assisted laparoscopic ureteral recon-
struction for ureter endometriosis: case series and literature re-
view. ] Chin Med Assoc 2020;83:288-294.

Ianieri MM, De Cicco Nardone A, Benvenga G, Greco P, Pafundi PC,
Alesi MV, Campolo F, Lodoli C, Abatini C, El Halabieh MA et al.
Vascular- and nerve-sparing bowel resection for deep endometri-
osis: a retrospective single-center study. IntJ Gynaecol Obstet 2024;
164:277-285.

Inoue T, Chida M, Inaba H, Tamura M, Kobayashi S, Sado T. Juvenile
catamenial pneumothorax: institutional report and review.
J Cardiothorac Surg 2015;10:83.

Irving JA, Clement PB. Chapter 13. Diseases of the peritoneum. In:
Kurman RJ, Ellenson LH, Ronnett BM (eds). Blaustein’s Pathology of
the Female Genital Tract, 7th edn. Springer Nature Switzerland A,
2019, 771-840.

Jenkins S, Olive DL, Haney AF. Endometriosis: pathogenetic implica-
tions of the anatomic distribution. Obstet Gynecol 1986;
67:335-338.

Jimenez M, Miles RM. Inguinal endometriosis. Ann Surg 1960;
151:903-911.

Kapan M, Kapan S, Durgun AV, Goksoy E. Inguinal endometriosis.
Arch Gynecol Obstet 2005;271:76-78.

Kazanegra R, Zaritsky E, Lathi RB, Clopton P, Nezhat C. Diagnosis of
stage I endometriosis: comparing visual inspection to histologic
biopsy specimen. ] Minim Invasive Gynecol 2008;15:176-180.

Keckstein J, Wiesinger H. Deep endometriosis, including intestinal
involvement—the interdisciplinary approach. Minim Invasive Ther
Allied Technol 2005;14:160-166.

Khan KN, Kitajima M, Fujishita A, Hiraki K, Matsumoto A,
Nakashima M, Masuzaki H. Pelvic pain in women with ovarian
endometrioma is mostly associated with coexisting peritoneal
lesions. Hum Reprod 2013;28:109-118.

Kikuchi I, Takeuchi H, Kitade M, Shimanuki H, Kumakiri J, Kinoshita
K. Recurrence rate of endometriomas following a laparoscopic
cystectomy. Acta Obstet Gynecol Scand 2006;85:1120-1124.

Knabben L, Imboden S, Fellmann B, Nirgianakis K, Kuhn A, Mueller
MD. Urinary tract endometriosis in patients with deep infiltrating
endometriosis: prevalence, symptoms, management, and
proposal for a new clinical classification. Fertil Steril 2015;
103:147-152.

Knez], Bean E, Nijjar S, Tellum T, Chaggar P, Jurkovic D. Natural pro-
gression of deep pelvic endometriosis in women who opt for
expectant management. Acta Obstet Gynecol Scand 2023;
102:1298-1305.

Koninckx PR, Ussia A, Adamyan L, Wattiez A, Gomel V, Martin DC.
Pathogenesis of endometriosis: the genetic/epigenetic theory.
Fertil Steril 2019;111:327-340.

Konrad L, Dietze R, Kudipudi PK, Horné F, Meinhold-Heerlein I.
Endometriosis in MRKH cases as a proof for the coelomic meta-
plasia hypothesis? Reproduction 2019;158:R41-R47.

Korom S, Canyurt H, Missbach A, Schneiter D, Kurrer MO, Haller U,
Keller JP, Furrer M, Weder W. Catamenial pneumothorax revis-
ited: clinical approach and systematic review of the literature.
J Thorac Cardiovasc Surg 2004;128:502-508.

Kovoor E, Nassif J, Miranda-Mendoza I, Lang-Avérous G, Wattiez A.
Long-term urinary retention after laparoscopic surgery for deep
endometriosis. Fertil Steril 2011;95:803.e9-803.e8.03E12.

Kwok H, Jiang H, Li T, Yang H, Fei H, Cheng L, Yao S, Chen S. Lesion
distribution characteristics of deep infiltrating endometriosis
with ovarian endometrioma: an observational clinical study.
BMC Womens Health 2020;20:111.

Lagana AS, Garzon S, Gotte M, Vigano P, Franchi M, Ghezzi F, Martin
DC. The pathogenesis of endometriosis: molecular and cell biol-
ogy insights. Int ] Mol Sci 2019;20:5615.

Langebrekke A, Qvigstad E. Ureteral endometriosis and loss of renal
function: mechanisms and interpretations. Acta Obstet Gynecol
Scand 2011;90:1164-1166.



Lateral distribution of endometriotic lesions | 17

Langmade CF. Pelvic endometriosis and ureteral obstruction. Am J
Obstet Gynecol 1975;122:463-469.

Lauchlan SC. The secondary Millerian system. Obstet Gynecol Surv
1972;27:133-146.

Lee DY, Kim HJ, Yoon BK, Choi D. Factors associated with the lateral-
ity of recurrent endometriomas after conservative surgery.
Gynecol Endocrinol 2013;29:978-981.

Legras A, Mansuet-Lupo A, Rousset-Jablonski C, Bobbio A,
Magdeleinat P, Roche N, Regnard JF, Gompel A, Damotte D,
Alifano M. Pneumothorax in women of child-bearing age: an up-
date classification based on clinical and pathologic findings.
Chest 2014;145:354-360.

Leong AC, Coonar AS, Lang-Lazdunski L. Catamenial pneumothorax:
surgical repair of the diaphragm and hormone treatment. Ann R
Coll Surg Engl 2006;88:547-549.

Li SH, Sun HZ, Li WH, Wang SZ. Inguinal endometriosis: ten case
reports and review of literature. World ] Clin Cases 2021,
9:11406-11418.

LiY, Hou X, Wang X, Ma X. Clinical characteristics and treatment
outcomes of patients with a septate uterus complicated by endo-
metriosis. ] Gynecol Obstet Hum Reprod 2024;53:102806.

Liu X, Yuan L, Shen F, Guo SW. Patterns of and factors potentially
influencing the age at first surgery for women with ovarian endo-
metriomas. Gynecol Obstet Invest 2008;66:76-83.

Lu MY, Niu JL, Liu B. The risk of endometriosis by early menarche is
recently increased: a meta-analysis of literature published from
2000 to 2020. Arch Gynecol Obstet 2023;307:59-69.

Malzoni M, di Giovanni A, Exacoustos C, Lannino G, Capece R,
Perone C, Rasile M, Iuzzolino D. Feasibility and safety of
laparoscopic-assisted bowel segmental resection for deep infil-
trating endometriosis: a retrospective cohort study with descrip-
tion of technique. ] Minim Invasive Gynecol 2016;23:512-525.

Marcellin L, Leconte M, Gaujoux S, Santulli P, Borghese B, Chapron
C, Dousset B. Associated ileocaecal location is a marker for
greater severity of low rectal endometriosis. BJOG 2019;
126:1600-1608.

Marchino GL, Gennarelli G, Enria R, Bongioanni F, Lipari G,
Massobrio M. Diagnosis of pelvic endometriosis with use of mac-
roscopic versus histologic findings. Fertil Steril 2005;84:12-15.

Marshall MB, Ahmed Z, Kucharczuk JC, Kaiser LR, Shrager ]B.
Catamenial pneumothorax: optimal hormonal and surgical
management. Eur] Cardiothorac Surg 2005;27:662-666.

Martinez-Serrano MJ, Martinez-Romdan S, Pahisa J, Balasch J,
Carmona F. Intestinal surgery performed by gynecologists. Acta
Obstet Gynecol Scand 2015;94:954-959.

Martire FG, Piccione E, Exacoustos C, Zupi E. Endometriosis and ado-
lescence: the impact of dysmenorrhea. J Clin Med 2023;12:5624.
Matalliotaki C, Matalliotakis M, Zervou MI, Patelarou A, Koliarakis I,

Spandidos AD, Arici A, Matalliotakis I, Goulielmos NG.
Epidemiological aspects of the outcomes from the treatment of
endometriosis: experience from two different geographical areas.

Exp Ther Med 2020;19:1079-1083.

Matalliotakis M, Goulielmos GN, Kalogiannidis I, Koumantakis G,
Matalliotakis I, Arici A. Extra pelvic endometriosis: retrospective
analysis on 200 cases in two different countries. Eur ] Obstet
Gynecol Reprod Biol 2017;217:34-37.

McMullan JC, Graham M]J, Craig EF, McCluggage WG, Hunter DH,
Feeney L. The malignant transformation of endometriosis: is
there a left lateral predisposition of ovarian clear cell and endo-
metrioid carcinomas? Eur] Surg Oncol 2024;50:108247.

Mereu L, Florio P, Carri G, Pontis A, Petraglia F, Mencaglia L. Clinical
outcomes associated with surgical treatment of endometrioma
coupled with resection of the posterior broad ligament. Int ]
Gynaecol Obstet 2012;116:57-60.

Mereu L, Gagliardi ML, Clarizia R, Mainardi P, Landi S, Minelli L.
Laparoscopic management of ureteral endometriosis in case of
moderate-severe hydroureteronephrosis. Fertil Steril 2010;
93:46-51.

Meuleman C, D'Hoore A, Van Cleynenbreugel B, Beks N, D’Hooghe T.
Outcome after multidisciplinary CO2 laser laparoscopic excision
of deep infiltrating colorectal endometriosis. Reprod Biomed Online
2009;18:282-289.

Minelli L, Fanfani F, Fagotti A, Ruffo G, Ceccaroni M, Mereu L, Landi
S, Pomini P, Scambia G. Laparoscopic colorectal resection for
bowel endometriosis: feasibility, complications, and clinical out-
come. Arch Surg 2009;144:234-239; discussion 239.

Miranda L, Settembre A, Capasso P, Piccolboni D, De Rosa N,
Corcione F. Inguinal endometriosis or irreducible hernia? A diffi-
cult preoperative diagnosis. Hernia 2001;5:47-49.

Miranda-Mendoza I, Kovoor E, Nassif J, Ferreira H, Wattiez A.
Laparoscopic surgery for severe ureteric endometriosis. Eur J
Obstet Gynecol Reprod Biol 2012;165:275-279.

Moen MH, Halvorsen TB. Histologic confirmation of endometriosis in
different peritoneal lesions. Acta Obstet Gynecol Scand 1992;
71:337-342.

Mohr C, Nezhat FR, Nezhat CH, Seidman DS, Nezhat CR. Fertility
considerations in laparoscopic treatment of infiltrative bowel en-
dometriosis. JSLS 2005;9:16-24.

Mongelli, Cormio G, Giudice G, Legge F, Resta L, Lambo M, Leone L,
Marinaccio M, Loizzi V, Arezzo F et al. Whose surgery is this?
Endometriosis of the round ligament. Acta Biomed 2022;
92:22021375.

Moro F, Ianieri MM, De Cicco Nardone A, Carfagna P, Mascilini F,
Vizzielli G, Biasioli A, Pontrelli G, Virgilio BA, Ladisa I et al.
Comparison of clinical and ultrasound examinations in assessing
the parametria in patients with deep infiltrating endometriosis: a
multicentre prospective study. Reprod Biomed Online 2024;
48:103733.

Mu BR, Zhang ZQ, Liu C, Zhang K, Li SH, Leng JH, Li M. Long term
follow-up of inguinal endometriosis. BMC Women'’s Health 2021;
21:90.

Murad MH, Sultan S, Haffar S, Bazerbachi F. Methodological quality
and synthesis of case series and case reports. BMJ Evid Based Med
2018;23:60-63.

Nezhat C, Main J, Paka C, Nezhat A, Beygui RE. Multidisciplinary
treatment for thoracic and abdominopelvic endometriosis. JSLS
2014;18:e2014.00312.

Nezhat C, Nezhat F, Nezhat CH, Nasserbakht F, Rosati M, Seidman
DS. Urinary tract endometriosis treated by laparoscopy. Fertil
Steril 1996;66:920-924.

Nezhat C, Seidman DS, Nezhat F, Nezhat C. Laparoscopic surgical
management of diaphragmatic endometriosis. Fertil Steril 1998;
69:1048-1055.

Nicolaus K, Brauer D, Sczesny R, Bihler K, Diebolder H, Runnebaum
IB. A two-third majority of infertile women exhibit endometriosis
in pre-ART diagnostic hysteroscopy and laparoscopic chromo-
pertubation: only one-third have a tubal obstruction. Arch
Gynecol Obstet 2020;301:1081-1088.

Niitsu H, Tsumura H, Kanehiro T, Yamaoka H, Taogoshi H, Murao N.
Clinical characteristics and surgical treatment for inguinal endo-
metriosis in young women of reproductive age. Dig Surg 2019;
36:166-172.

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

Ochi T, Kurihara M, Tsuboshima K, Nonaka Y, Kumasaka T.
Dynamics of thoracic endometriosis in the pleural cavity. PLoS
One 2022;17:€0268299.



18 | Bandinietal.

Oliveira IJ, Pinto PV, Bernardes J. Noninvasive diagnosis of endome-
triosis in adolescents and young female adults: a systematic re-
view. ] Pediatr Adolesc Gynecol 2025;38:124-138.

Ozyer S, Uzunlar O, Ozcan N, Yesilyurt H, Karayalgin R, Sargin A,
Mollamahmutoglu L. Endometriomas in adolescents and young
women. ] Pediatr Adolesc Gynecol 2013;26:176-179.

Pagano F, Schwander A, Vaineau C, Knabben L, Nirgianakis K,
Imboden S, Mueller MD. True prevalence of diaphragmatic endo-
metriosis and its association with severe endometriosis: a call for
awareness and investigation. J Minim Invasive Gynecol 2023;
30:329-334.

Page, Matthew J, McKenzie, Joanne E, Bossuyt, Patrick M, Boutron,
Isabelle, Hoffmann, Tammy C, Mulrow, Cynthia D, Shamseer,
Larissa, Tetzlaff, Jennifer M, Akl, Elie A, Brennan, Sue E et al. The
PRISMA 2020 statement: an updated guideline for reporting sys-
tematic reviews. BMJ 2021;372:n71

Parazzini F. Left: right side ratio of endometriotic implants in the pel-
vis. Eur] Obstet Gynecol Reprod Biol 2003;111:65-67.

Pellegrini VD Jr, Pasternak HS, Macaulay WP. Endometrioma of the
pubis: a differential in the diagnosis of hip pain. A report of two
cases. ] Bone Joint Surg Am 1981;63:1333-1334.

Pereira RM, Zanatta A, Preti CD, de Paula FJ, da Motta EL, Serafini PC.
Should the gynecologist perform laparoscopic bowel resection to
treat endometriosis? Results over 7 years in 168 patients. ] Minim
Invasive Gynecol 2009;16:472-479.

Pérez-Utrilla Pérez M, Aguilera Bazdn A, Alonso Dorrego JM,
Hernandez A, de Francisco MG, Martin Hernandez M, de Santiago
J, de la Pena Barthel J. Urinary tract endometriosis: clinical, diag-
nostic, and therapeutic aspects. Urology 2009;73:47-51.

Piriyev E, Romer T. Diaphragm endometriosis: random localization
or extended form of pelvis endometriosis. A large comparative
analysis of 202 cases. Eur ] Obstet Gynecol Reprod Biol 2024;
294:117-122.

Porpora MG, Tomao F, Manganaro L, Yazdanian D, Fuggetta E,
Piccioni MG, Panici BP, Benagiano G. Impaired uterine artery flow
associated with the presence of ovarian endometrioma: prelimi-
nary results of a prospective study. ] Ovarian Res 2014;7:1.

Prefumo F, Todeschini F, Fulcheri E, Venturini PL. Epithelial abnor-
malities in cystic ovarian endometriosis. Gynecol Oncol 2002;
84:280-284.

Prystowsky JB, Stryker SJ, Ujiki GT, Poticha SM. Gastrointestinal en-
dometriosis. Incidence and indications for resection. Arch Surg
1988;123:855-858.

Pugliese JM, Peterson AC, Philbrick JH, Allen RC. Ureteral endometri-
osis in patients after total abdominal hysterectomy: presentation
and diagnosis: a case series. Urology 2006;67:622.e13-622.e15.

Qiu MY, Wang YP, Ren R, Sun YR, Xiao SQ, Han L.
Clinicopathological correlations of peritoneal endometriosis and
deep infiltrating endometriosis. Ann Med 2023;55:2244877.

R Core Team. R: A Language and Environment for Statistical Computing.
Vienna (Austria): R Foundation for Statistical Computing, 2024.
https://www.R-project.org/

Redwine DB. Diaphragmatic endometriosis: diagnosis, surgical man-
agement, and long-term results of treatment. Fertil Steril 2002;
77:288-296.

Redwine DB. Mulleriosis instead of endometriosis. Am ] Obstet
Gynecol 1987;156:761.

Redwine DB. Miilleriosis. The single best-fit model of the origin of en-
dometriosis. ] Reprod Med 1988;33:915-920.

Redwine DB. Ovarian endometriosis: a marker for more extensive
pelvic and intestinal disease. Fertil Steril 1999;72:310-315.

Roman H, Bridoux V, Merlot B, Resch B, Chati R, Coget J, Forestier D,
Tuech J-J. Risk of bowel fistula following surgical management of

deep endometriosis of the rectosigmoid: a series of 1102 cases.
Hum Reprod 2020;35:1601-1611.

Roman H, Tarta O, Pura [, Opris [, Bourdel N, Marpeau L, Sabourin JC.
Direct proportional relationship between endometrioma size and
ovarian parenchyma inadvertently removed during cystectomy,
and its implication on the management of enlarged endometrio-
mas. Hum Reprod 2010;25:1428-1432.

Rousset P, Gregory J, Rousset-Jablonski C, Hugon-Rodin J, Regnard JF,
Chapron C, Coste J, Golfier F, Revel MP. MR diagnosis of diaphrag-
matic endometriosis. Eur Radiol 2016;26:3968-3977.

Rousset-Jablonski C, Alifano M, Plu-Bureau G, Camilleri-Broet S,
Rousset P, Regnard JF, Gompel A. Catamenial pneumothorax and
endometriosis-related pneumothorax: clinical features and risk
factors. Hum Reprod 2011;26:2322-2329.

Salmeri N, Di Stefano G, Vigano P, Stratton P, Somigliana E,
Vercellini P. Functional determinants of uterine contractility in
endometriosis and adenomyosis: a systematic review and meta-
analysis. Fertil Steril 2024;122:1063-1078.

Scioscia M, Bruni F, Ceccaroni M, Steinkasserer M, Stepniewska A,
Minelli L. Distribution of endometriotic lesions in endometriosis
stage IV supports the menstrual reflux theory and requires spe-
cific preoperative assessment and therapy. Acta Obstet Gynecol
Scand 2011;90:136-139.

Seracchioli R, di Donato N, Bertoldo V, la Marca A, Vicenzi C,
Zannoni L, Villa G, Monti G, Leonardi D, Giovanardi G et al. The
role of ovarian suspension in endometriosis surgery: a random-
ized controlled trial. ] Minim Invasive Gynecol 2014;21:1029-1035.

Seracchioli R, Mabrouk M, Manuzzi L, Guerrini M, Villa G, Montanari
G, Fabbri E, Venturoli S. Importance of retroperitoneal ureteric
evaluation in cases of deep infiltrating endometriosis. ] Minim
Invasive Gynecol 2008;15:435-439.

Seracchioli R, Raimondo D, di Donato N, Leonardi D, Spagnolo E,
Paradisi R, Montanari G, Caprara G, Zannoni L. Histological evalua-
tion of ureteral involvement in women with deep infiltrating endo-
metriosis: analysis of a large series. Hum Reprod 2015;30:833-839.

Sesti F, Capozzolo T, Pietropolli A, Marziali M, Bollea MR, Piccione E.
Recurrence rate of endometrioma after laparoscopic cystectomy:
a comparative randomized trial between post-operative hor-
monal suppression treatment or dietary therapy vs. placebo. Eur
J Obstet Gynecol Reprod Biol 2009;147:72-77.

Signorile PG, Cassano M, Viceconte R, Spyrou M, Marcattilj V, Baldi
A. Endometriosis: a retrospective analysis on diagnostic data in a
cohort of 4,401 patients. In Vivo 2022;36:430-438.

Sillou S, Poirée S, Millischer AE, Chapron C, Hélénon O. Urinary en-
dometriosis: MR imaging appearance with surgical and histologi-
cal correlations. Diagn Interv Imaging 2015,96:373-381.

Song X, Zhu L, DingJ, Xu T, Lang]. Clinical characteristics of congen-
ital cervical atresia and associated endometriosis among 96
patients. IntJ Gynaecol Obstet 2016;134:252-255.

Soriano D, Schonman R, Nadu A, Lebovitz O, Schiff E, Seidman DS,
Goldenberg M. Multidisciplinary team approach to management of
severe endometriosis affecting the ureter: long-term outcome data
and treatment algorithm. ] Minim Invasive Gynecol 2011;18:483-488.

StataCorp. Stata Statistical Software: Release 14. College Station, TX:
StataCorp LP, 2015.

Sterne JA, Herndn MA, Reeves BC, Savovic J, Berkman D N,
Viswanathan M, Henry D, Altman G D, Ansari R M, Boutron I et al.
ROBINS-I: a tool for assessing risk of bias in non-randomised
studies of interventions. BMJ 2016;355:14919.

Stoppa M, Agostini A, Pivano A, Siles P, Calderon L, Netter A. Mild en-
dometriosis of the uterosacral ligaments: a retrospective study of
magnetic resonance imaging performance for diagnosis. Reprod
Biomed Online 2023;46:947-955.


https://www.R-project.org/

Lateral distribution of endometriotic lesions | 19

Sun ZJ, Zhu L, Lang JH. A rare extrapelvic endometriosis: inguinal en-
dometriosis. ] Reprod Med 2010;55:62-66.

Sznurkowski JJ, Emerich J. Endometriomas are more frequent on the
left side. Acta Obstet Gynecol Scand 2008;87:104-106.

Taylor HS, Kotlyar AM, Flores VA. Endometriosis is a chronic sys-
temic disease: clinical challenges and novel innovations. Lancet
2021;397:839-852.

Taylor E, Williams C. Surgical treatment of endometriosis: location
and patterns of disease at reoperation. Fertil Steril 2010;93:57-61.

Tulandi T, Sirois C, Sabban H, Cohen A, Murji A, Singh SS, Chen I,
Belland L. Relationship between catamenial pneumothorax or
non-catamenial pneumothorax and endometriosis. ] Minim
Invasive Gynecol 2018;25:480-483.

Uccella S, Cromi A, Casarin J, Bogani G, Pinelli C, Serati M, Ghezzi F.
Laparoscopy for ureteral endometriosis: surgical details, long-term
follow-up, and fertility outcomes. Fertil Steril 2014;102:160-166.e2.

Ulukus M, Yeniel AO, Ergenoglu AM, Mermer T. Right endometrioma
is related with more extensive obliteration of the Douglas pouch.
Arch Gynecol Obstet 2012;285:1483-1486.

Urbach DR, Reedijk M, Richard CS, Lie KI, Ross TM. Bowel resection
for intestinal endometriosis. Dis Colon Rectum 1998:41:1158-1164.

Vercellini P, Abbiati A, Vigano P, Somigliana ED, Daguati R, Meroni F,
Crosignani PG. Asymmetry in distribution of diaphragmatic
endometriotic lesions: evidence in favour of the menstrual reflux
theory. Hum Reprod 2007;22:2359-2367.

Vercellini P, Aimi G, De Giorgi O, Maddalena S, Carinelli S,
Crosignani PG. Is cystic ovarian endometriosis an asymmetric
disease? BrJ Obstet Gynaecol 1998;105:1018-1021.

Vercellini P, Aimi G, Panazza S, Vicentini S, Pisacreta A, Crosignani
PG. Deep endometriosis conundrum: evidence in favour of a peri-
toneal origin. Fertil Steril 2000a;73:1043-1046.

Vercellini P, Bandini V, Vigano P, Ambruoso D, Cetera GE, Somigliana
E. Proposal for targeted, neo-evolutionary-oriented secondary pre-
vention of early-onset endometriosis and adenomyosis. Part II:
medical interventions. Hum Reprod 2024a;39:18-34.

Vercellini P, Bandini V, Vigano P, Di Stefano G, Merli CEM,
Somigliana E. Proposal for targeted, neo-evolutionary-oriented,
secondary prevention of early-onset endometriosis and adeno-
myosis. Part I: pathogenic aspects. Hum Reprod 2024b;39:1-17.

Vercellini P, Buffo C, Bandini V, Cipriani S, Chiaffarino F, Vigano P,
Somigliana E. Prevalence of adenomyosis in symptomatic adoles-
cents and young women: a systematic review and meta-analysis.
F&S Rev 20252;6:100083.

Vercellini P, Buffo C, Vigano P, Somigliana E. Update on medical
treatment of endometriosis: new drugs or new therapeutic
approaches? Gynecol Obstet Invest 2024¢;26:1-25.

Vercellini P, Busacca M, Aimi G, Bianchi S, Frontino G, Crosignani PG.
Lateral distribution of recurrent ovarian endometriotic cysts.
Fertil Steril 2002;77:848-849.

Vercellini P, Caprara F, Piccini M, Donati A, Vigano P, Somigliana E,
Cipriani S. Prevalence of endometriosis in Mayer-Rokitansky-
Kister-Hauser syndrome variants: a systematic review and
meta-analysis. Hum Reprod 2025b;40:deaf057, 1109.

Vercellini P, Chapron C, Fedele L, Frontino G, Zaina B, Crosignani PG.
Evidence for asymmetric distribution of sciatic nerve endometri-
osis. Obstet Gynecol 2003;102:383-387.

Vercellini P, Chapron C, Fedele L, Gattei U, Daguati R, Crosignani PG.
Evidence for asymmetric distribution of lower intestinal tract en-
dometriosis. BJOG 2004;111:1213-1217.

Vercellini P, Piccini M, Caprara F, Cetera GE, Vigano P, Somigliana E.
Potential anatomical determinants of retrograde menstruation:
a comprehensive narrative review. Reprod Biomed Online 2024d;
49:104345.

Vercellini P, Pisacreta A, Pesole A, Vicentini S, Stellato G, Crosignani
PG. Is ureteral endometriosis an asymmetric disease? BJOG
2000b;107:559-561.

Vercellini P, Salmeri N, Somigliana E, Piccini M, Caprara F, Vigano P,
De Matteis S. Mullerian anomalies and endometriosis as poten-
tial explanatory models for the retrograde menstruation/
implantation and the embryonic remnants/celomic metaplasia
pathogenic theories: a systematic review and meta-analysis.
Hum Reprod 2024e;10:deae086.

Vercellini P, Scarfone G, Bolis G, Stellato G, Carinelli S, Crosignani
PG. Site of origin of epithelial ovarian cancer: the endometriosis
connection. BJOG 2000¢;107:1155-1157.

Vercellini P, Vigano P, Somigliana E, Fedele L. Endometriosis: patho-
genesis and treatment. Nat Rev Endocrinol 2014;10:261-275.

Vigano P, Caprara F, Giola F, Di Stefano G, Somigliana E, Vercellini P.
Is retrograde menstruation a universal, recurrent, physiological
phenomenon? A systematic review of the evidence in humans
and non-human primates. Hum Reprod Open 2024;2024:hoae045.

Viti A, Bertoglio P, Roviglione G, Clarizia R, Ruffo G, Ceccaroni M,
Terzi CA. Endometriosis involving the diaphragm: a patient-
tailored minimally invasive surgical treatment. World ] Surg 2020;
44:1099-1104.

Walter AJ, Hentz ]G, Magtibay PM, Cornella JL, Magrina JF.
Endometriosis: correlation between histologic and visual findings
atlaparoscopy. AmJ Obstet Gynecol 2001;184:1407-1411.

Wang P, Wang XP, Li YY, Jin BY, Xia D, Wang S, Pan H.
Hydronephrosis due to ureteral endometriosis in women of re-
productive age. IntJ Clin Exp Med 2015;8:1059-1065.

Weed JC, Ray JE. Endometriosis of the bowel. Obstet Gynecol 1987,
69:727-730.

Wetzel A, Philip CA, Golfier F, Bonnot PE, Cotte E, Brichon PY, Darnis
B, Chene G, Michy T, Hoffmann P et al. Surgical management of
diaphragmatic and thoracic endometriosis’: a French multicen-
tric descriptive study. ] Gynecol Obstet Hum Reprod 2021;50:102147.

Wolfhagen N, Simons NE, de Jong KH, van Kesteren PJM, Simons MP.
Inguinal endometriosis, a rare entity of which surgeons should
be aware: clinical aspects and long-term follow-up of nine cases.
Hernia 2018;22:881-886.

Yamada T, Hada T, Yanai S, Kanno K, Sakate S, Sawada M, Yoshino
Y, Andou M. Rate of recurrent hydronephrosis after laparoscopic
ureteroneocystostomy for ureteral endometriosis. Arch Gynecol
Obstet 2022;306:133-140.

Yang DM, Kim HC, Ryu JK, Lim JW, Kim GY. Sonographic findings of
inguinal endometriosis. J Ultrasound Med 2010;29:105-110.

Yantiss RK, Clement PB, Young RH. Endometriosis of the intestinal
tract a study of 44 cases of a disease that may cause diverse chal-
lenges in clinical and pathologic evaluation. Am J Surg Pathol
2001;25:445-454.

Yu HT, Huang HY, Lee CL, Soong YK, Wang CJ. Side of ovarian endo-
metrioma does not affect the outcome of in vitro fertilization/
intracytoplasmic sperm injection in infertile women after lapa-
roscopic cystectomy. J Obstet Gynaecol Res 2015;41:717-721.

Yuan M, Wang WW, LiY, Gao L, Wang T, Wang SX. Risk factors for
recurrence of ovarian endometriomas after surgical excision.
J Huazhong Univ Sci Technolog Med Sci 2014;34:213-219.

Zannoni L, Del Forno S, Coppola F, Papadopoulos D, Valerio D, Golfieri
R, Caprara G, Paradisi R, Seracchioli R. Comparison of transvaginal
sonography and computed tomography-colonography with con-
trast media and urographic phase for diagnosing deep infiltrating
endometriosis of the posterior compartment of the pelvis: a pilot
study. JpnJ Radiol 2017;35:546-554.

Zondervan KT, Becker CM, Missmer SA. Endometriosis. N Engl] Med
2020;382:1244-1256.



© The Author(s) 2025. Published by Oxford University Press on behalf of European Society of Human Reproduction and Embryology.
This is an Open Access article distributed under the terms of the Creative Commons Attribution License (https://creativecommons.org/licenses/by/4.0/

), which permits unrestricted reuse, distribution, and reproduction in any medium, provided the original work is properly cited.
Human Reproduction Open, 2025, 2026, 1-19

https://doi.org/10.1093/hropen/hoaf064
Review



	Active Content List
	Introduction
	Methods
	Results
	Discussion
	Conclusion
	Supplementary data
	Data availability
	Acknowledgements
	Authors' roles
	Funding
	Conflict of interest
	References


