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Diaphragmatic endometriosis is one of the most common localization of extra-pelvic endometriosis and may cause debilitating symptoms such as cyclic shoulder pain, right upper abdominal pain, and right-sided chest pain. Diaphragmatic endometriosis may also be asymptomatic. The exact mechanisms by which diaphragmatic endometriosis originates are unknown. The high correlation between severe pelvic endometriosis and diaphragmatic endometriosis suggests that the latter originates from endometriotic cells that reach the upper abdomen by circulating with the peritoneal fluid current. Robust evidence regarding the preoperative diagnosis and optimal management of diaphragmatic endometriosis is lacking. Most reports rely on Magnetic Resonance Imaging (MRI) for the radiologic diagnosis of diaphragmatic endometriosis. Although its sensitivity ranged between 78% and 83%, MRI was found to underestimate the extent of diaphragmatic endometriosis in comparison with the surgical findings. Accumulating evidence indicates that asymptomatic diaphragmatic endometriosis is very unlikely to progress, and therefore, could be left in situ when incidentally found. The efficiency of ablative and excisional approaches for symptomatic endometriosis has not been assessed thoroughly to date. In addition, it is unclear whether combining the laparoscopic approach with video-assisted thoracoscopy (VATS) may result in an optimized result. This gap exists due to the lack of data about the association between diaphragmatic and thoracic endometriosis. In this review, we aimed to provide a state of the art description of the current knowledge and gaps about the pathogenesis, diagnostics, and treatment modalities of diaphragmatic endometriosis.
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1 Introduction

Endometriosis is often a complex, chronic inflammatory disease that is diagnosed in nearly 10% of reproductive-age women (1, 2). Current estimates suggest that the overall number of diagnosed endometriosis patients is up to 190 million women worldwide (1, 2). Endometriosis is classically defined by the presence of endometrium-like glands and/or stroma out of the uterus. Although this definition has been widely adopted, recent views indicate that symptomatic endometriosis is a systemic multifactorial disease with predisposing genetic and epigenetic dysregulations (3, 4). For instance, patients with endometriosis were reported to have defective peritoneal clearance of the hemoglobin metabolites, leading to increased oxidative stress in the pelvic cavity (5). Moreover, elevated cytokines concentrations and abnormal leukocyte activities were found in the pelvic milieu of the affected patients (6). Similarly, endometriosis patients were reported to have higher serum levels of IL-1β, IL-6, and TNF-α than healthy controls (7). The eutopic endometria of patients with endometriosis have altered differentiation processes and subsequently, an abnormal cellular spatial distribution (8). Patients with endometriosis were also reported to have increased uterine peristalsis, impaired folliculogenesis, and neural alterations in the peripheral and central nervous system (9–11). Therefore, the aberrantly located endometriotic implants and nodules could be considered the morphologic manifestations of highly complex and interwoven mechanisms that lead eventually to a variety of symptoms and organ malfunction. It is noteworthy that the aforementioned dysregulations may not be present in the entire population of endometriosis patients. Heterogeneities in the disease etiologic mechanisms probably exist; this is mainly reflected by the diversity of the endometriosis forms, localizations, symptomatology, and responsiveness to the available treatments (12). Such variations make a single theory explanation of the pathogenesis of endometriosis unlikely, and on the contrary, support the suggestion that endometriosis has several subtypes with different trajectories determined by distinctive genetic and epigenetic profiles (3, 4).

Peritoneal implants and deep nodules of endometriosis take predominantly intrapelvic localizations, with the ovaries and uterosacral ligaments being the most common sites of pelvic endometriosis (13, 14). Nonetheless, endometriosis may be encountered in extrapelvic localizations in 9–15% of patients (15, 16). Despite its rarity, diaphragmatic endometriosis and abdominal wall endometriosis could be considered the most common forms of extrapelvic endometriosis (17).

The prevalence of diaphragmatic endometriosis ranges between 0.67% and 4.7% (18, 19). Most diaphragmatic lesions are superficial and limited to the peritoneum, while endometriotic nodules infiltrating the muscular layer of the diaphragm are less common (20). As with all endometriotic lesions, diaphragmatic endometriosis may be symptomatic or asymptomatic. When symptomatic, cyclic shoulder pain, right upper abdominal pain, and right-sided chest pain are its typical symptoms (21).

On the other hand, the thoracic endometriosis syndrome—characterized by catamenial pneumothorax, catamenial hemothorax, catamenial hemoptysis, and pulmonary nodules—is attributed to intrathoracic endometriosis affecting the parietal and visceral pleural surfaces, and less frequently, the pulmonary parenchyma (22). Nonetheless, it is important to note that catamenial pneumothorax per-se may not always refer to the presence of intrathoracic endometriosis. Although the pathophysiology is unclear, catamenial pneumothorax could be attributed to the trans-diaphragmatic passage of air from the genital tract (23). This happens due to congenital or endometriosis-associated perforations in the diaphragm (Figure 1). Air could leak from outside the body to the peritoneal cavity during menstruation due to the liquefaction of the cervical mucosal plug. The entry of the air could be induced by physical activities, sexual intercourse, or the abnormal uterine contractions (23, 24). The observation of pneumoperitoneum and pneumothorax is rare, but it was reported in the literature (24). Therefore, one should be aware of all possibilities and keep all the suggested mechanisms of this entity in mind before assuming any diagnosis.
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FIGURE 1
 Intraoperative image of spontaneous diaphragmatic perforations that are thought to be related to diaphragmatic endometriosis. D: Diaphragm, L: Liver, Arrows: the perforations, *: the lung.


It should be noted that diaphragmatic and thoracic endometriosis were always treated as two separate entities in the available literature. To date, there are few estimates about the coexistence of diaphragmatic and thoracic endometriosis. Individual case reports and case series confirm this possibility but remain incapable of providing definitive conclusions (25–27). More recently, Ancona et al. (28) reported the coexistence of diaphragmatic and thoracic endometriosis in 2.2% of their sample. It should be noted that this estimate was based on the abdominal trans-diaphragmatic examination of the thoracic cavity (28).

We aim through this work to discuss the available pieces of evidence regarding the pathogenesis of diaphragmatic endometriosis and its possible relations to deep pelvic and thoracic endometriosis. We also aim to provide a constructive appraisal of the available data regarding the surgical therapy of diaphragmatic endometriosis, its expected benefits, and long-term effectiveness.



2 The pathogenesis of diaphragmatic endometriosis

The retrograde menstruation peritoneal hypothesis by Sampson has been widely implicated in describing the origin of the different forms of endometriosis. Briefly, this hypothesis attributes peritoneal endometriosis to the implantation of regurgitated endometrial fragments that reach the peritoneal cavity through the Fallopian tubes during menstruation (29). Like all cell origin theories, the retrograde menstruation hypothesis is problematic because, it merely explains the origin of peritoneal endometriotic lesions. This is mainly because the retrograde menstruation theory and some other cell-of-origin theories do not explain deep endometriosis, ovarian endometriomas, pulmonary and more distal endometriosis. Moreover, retrograde menstruation occurs in 90% of women (30), while endometriosis prevails in about 10% only (1). Therefore, a pathogenic mechanism to explain the window-of-opportunity, method of activation, and determinates of growth, stabilization, or regression of endometriosis is needed.

Since the origin of endometriosis is still debatable and unclear, the pathogenesis of diaphragmatic endometriosis—as a subtype of the disease—will carry intuitively the same arguments. The retrograde menstruation hypothesis was also implicated in the pathogenesis of diaphragmatic endometriosis (31). The regurgitated endometrial fragments were suggested to reach the upper abdomen through the right paracolic gutter by circulating with the physiologic peritoneal fluid current (31). After reaching the right hypochondrium, the current is disrupted by the falciform ligament, which limits the access of the circulating endometrial cells to the left hypochondrium. The right-sided predominance of diaphragmatic endometriosis and its tendency to take superficial forms are arguments in favor of this hypothesis (20, 21).

Nonetheless, it is quite unclear whether the circulating cells originate from the eutopic endometrium (31) or from the dissemination of endometriotic cells originating from coexisting pelvic endometriosis (23). It is established that diaphragmatic endometriosis coexists almost always with superficial or deep pelvic endometriosis. Moreover, several reports indicate that the presence of diaphragmatic endometriosis often reflects the coexistence of more advanced stages of the disease in the pelvis (18, 20, 21, 32). This postulation gains further strength from the fact that the endometriotic epithelial and stromal cells showed clonal expansion ability in vitro (33). More recently, mutational profiling of different endometriotic lesions taken from the same individuals demonstrated that lesions at different anatomical locations belong to the same clone, and thus, share the same origin (34). When considering the high association of diaphragmatic endometriosis with pelvic endometriosis, it is quite plausible to think that pelvic endometriosis gives rise to diaphragmatic endometriosis by means of clonal expansion and dissemination. However, the actual origin of those lesions –whether it is the eutopic endometrium, endometriosis, bone morrow stem cells, or a different source- remains unknown.

Another question worth asking is whether thoracic pleural endometriosis originates through the same mechanisms of diaphragmatic endometriosis, and thus, diaphragmatic endometriosis could be considered “the precursor” of thoracic endometriosis.

It is noteworthy that around half of patients with diaphragmatic endometriosis suffer from infertility according to multiple studies (18, 20, 21). Therefore, diaphragmatic endometriosis, infertility, and deep pelvic endometriosis may be the characteristics of a unique but severe subtype of endometriosis. Those postulations are subject to selection and other biases, and need confirmation by future genetic and epigenetic studies.



3 The treatment of diaphragmatic endometriosis

The available management approaches for symptomatic endometriosis could be generally categorized into medical and surgical therapies. While surgical excision or ablation of endometriosis are cytoreductive techniques, the current medical therapies are either analgesic, anti-inflammatory, or hormonal suppressive medications (12). Growing evidence indicates that hormonal suppression of endometriosis results in decreasing the deep nodule size and the lesions’ activity (35–37). More recently, Kalaitzopoulos et al. (37) demonstrated that administering hormonal therapies for at least 3 months results in decreasing the endometriotic implants’ size and vascularization, with a remarkable anti-inflammatory effect. On this basis, the available medical approaches are prone to relieve the symptoms of the disease through decreasing the endometriosis activity or progression, without eliminating endometriosis or treating its underlying etiologies.

Surgery, on the other hand, is often indicated when patients are intolerant to the side effects of hormonal treatments, when the medical therapies fail to relieve the symptoms, when patients are seeking fertility, or when organ dysfunction is suspected. Although surgery is deemed beneficial in cases of deep endometriosis infiltrating the pelvic organs and neural structures (38, 39), it is not quite clear whether excising or ablating superficial lesions is effective in treating pain or infertility (40, 41). Furthermore, incomplete excision of endometriosis is accused of higher postoperative recurrence rates and symptom persistence (12). However, detecting all endometriotic lesions may be impossible. Thus, excising all endometriotic lesions may be impossible too and sometimes impractical as it may carry a higher risk of intra- and postoperative complications. In addition, accumulating data indicates that most endometriosis lesions tend to stabilize or regress over time (42–44), which means that inactive or fibrotic lesions and nodules could be left in situ, when asymptomatic (45).

The aforementioned therapeutic dilemmas exist in the management strategies of diaphragmatic endometriosis, but due to its rarity, the available studies focusing on it are very few (18, 20, 21, 32, 46, 47). Although the medical treatments were reported to be the first-line treatment for symptomatic diaphragmatic endometriosis (48), we found no studies assessing the effectiveness of analgesics and hormonal medications in controlling the symptoms of diaphragmatic endometriosis. Therefore, administering those medications to treat diaphragmatic endometriosis should be empirical with close patient follow-up to monitor their responsiveness to therapy. A standardized approach to diaphragmatic endometriosis was suggested in the report of Roman et al. (49). The authors recommended placing the patient in the left lateral decubitus position and excising the superficial lesions before performing a full-thickness resection of the diaphragm (49). The same group favored the robotic-assisted resection of big endometriotic lesions with partial or complete muscle infiltration, while the laparoscopic approach with plasma energy ablation is preferred for smaller superficial lesion with limited extension (50).

Currently, the available studies focus mainly on the surgical approach to diaphragmatic endometriosis. Most of these studies reported the used techniques and the complication rates, but the majority were not powered enough to determine the long-term outcomes of diaphragmatic endometriosis surgery. The follow-up as done in such studies was always limited to either short follow-up periods or the lack of structured and standardized postoperative pain assessment. Another concern about surgical interventions on the diaphragm is the possible onset of new symptoms and/or development of chronic post-surgical pain, as previously reported (21).

The lack of standardization of the operation technique is another drawback of diaphragmatic endometriosis surgery. It is well-known that the major part of the right hemidiaphragm is hidden behind the right hepatic lobe, and thus, liver mobilization may be necessary in most cases to guarantee a better detection of endometriosis. Redwine (19) stressed that sentinel lesions of the anterior parts of the right hemidiaphragm often indicate the presence of a more severe disease hidden behind the liver (19). Furthermore, the preferred route of surgery –abdominal, thoracic, or a combination of both- is yet to be determined. In the study of Nezhat et al. (26), the thoracic and visceral sides of the diaphragm were involved in 76% of patients, while the sole involvement of the visceral side was reported in only 8% of patients (26). It is noteworthy that in the same study thoracic endometriosis was found in 16% of cases (26). Therefore, a combination of laparoscopy and video-assisted thoracoscopy could be necessary in a considerable proportion of symptomatic patients to ensure a better detection and elimination of the disease. Some surgeons also prefer to do video-assisted thoracoscopy in all patients with diaphragmatic endometriosis to detect intrathoracic lesions that may be missed during trans-diaphragmatic exploration of the thoracic cavity (51). A thoracic approach to diaphragmatic endometriosis was also recommended by Roman et al. (50) for endometriotic lesions infiltrating the central tendon of the diaphragm to allow a better recognition and isolation of the phrenic nerve and preventing its injury. We would also recommend a careful examination of the visceral pleura since most pulmonary endometriotic lesions were reported to take interlobular localization (52).

Lastly, it should be noted that the likelihood of asymptomatic lesions to progress or become symptomatic over time is quite low and the lesions could be left in situ. In the study of Naem et al. (21), all four patients who were asymptomatic remained asymptomatic, compared to two out of three patients in the study of Nezhat et al. (53).



4 Discussion

Diaphragmatic endometriosis is a vague variant of endometriosis with very little known regarding its pathogenesis, diagnosis, and treatment. The typical symptoms of diaphragmatic endometriosis and thoracic endometriosis should be considered in every patient with pelvic endometriosis. The diagnosis of diaphragmatic endometriosis is presumed at the interrogatory and mostly done intraoperatively as a finding in the context of laparoscopy for pelvic endometriosis. Magnetic resonance imaging (MRI) is the most reported imaging modality for the preoperative diagnosis of diaphragmatic endometriosis. To the best of our knowledge, there is one study available that assessed its sensitivity and the reproducibility of its results in patients with diaphragmatic endometriosis (54). Although the MRI sensitivity ranged between 78% and 83%, the authors indicated that the examiners often underestimated the extent of the disease when diaphragmatic endometriosis is diagnosed radiologically. In addition, it should be noted that the study by Rousset et al. (54) included patients with histologically-proven diaphragmatic endometriosis or patients with thoracic symptoms responsive to hormonal therapy. Therefore, the generalizability of the results is limited. In another series, the sensitivity of the MRI is reported to be 48.3% (28).

In our opinion, there are two crucial messages to be delivered by this study. Firstly, when an MRI is positive for endometriosis, the surgeons should keep in mind that the extent of the disease is beyond the radiologic findings. Secondly, MRI could be better done during menses, since the authors reported the detection of an endometriotic lesion in Morison’s pouch that was not observed in a preceding MRI that was performed out of the menstruation period. Endometriotic lesions of the diaphragm could manifest as high-signal intensity in the fat-suppressed T1 weighted imaging. Depending on the lesion’s size, the endometriotic lesions could be classified radiologically into micronodules (<5 mm), nodules (≤3 cm), and plaques (≥3 cm) (54). Another indirect sign of diaphragmatic endometriosis is the “Air-Filled Bubbles” as observed by Quercia et al. (55) in the coronal section of the computed tomography scan.

When surgery is indicated, the optimal surgical route and patient positioning remain a matter of debate. In their recent review, Ceccaroni et al. (56) recommended tailoring the approach to superficial diaphragmatic endometriosis based on the lesions’ characteristics and extension. The approaches could range from bipolar coagulation to diaphragmatic peritonectomy (56). The choice of how to deal with superficial diaphragmatic endometriosis depends on the operator’s experience and availability of the surgical equipment. We believe that ablation or excision are equally effective in superficial diaphragmatic endometriosis, when complete destruction of the lesion is achieved.

In the series of Ancona et al. (28), transabdominal robotic-assisted resection of the diaphragmatic lesions was reported to be effective. After a 3-month follow-up, the symptoms’ relief rate was 80%. The authors believe that the increased range of motion—especially in a narrow surgical field—and the improved visualization of the diaphragmatic surface due to the better 3D image of the robotic platform helped detecting all diaphragmatic lesions and facilitated a more precise and radical excision of diaphragmatic endometriosis, as well as an easier suturing of the diaphragmatic defects (53). The safety profile of this procedure is also deemed acceptable with the intraoperative complication rate and the long-term postoperative complication rate being 1.7 and 6.6%, respectively. The intraoperative complication was a hepatic injury leading to diffuse hemorrhage and a conversion to laparotomy; it occurred in one patient only. While the long-term complications were three cases of liver herniation and one case of pneumothorax (28).

Finally, the patient positioning is an important point to consider when dealing with diaphragmatic endometriosis. The left lateral decubitus with a 10° anti-Trendelenburg position could be the “position of choice” when carrying out diaphragmatic surgery alone. This position improves the visualization of the posterior part of the right diaphragmatic dome and helps avoiding the mobilization of the liver. This in turn improves the access to and resection of all the visualized diaphragmatic lesions (28, 51). However, the dorsal lithotomy may still be needed in cases of bilateral involvement of the diaphragmatic domes and in cases where concomitant pelvic and diaphragmatic endometriosis surgery should be performed (51).



5 Conclusion

Diaphragmatic endometriosis has a vague pathogenesis but current studies suggest a strong association with pelvic endometriosis and infertility. Therefore, the management of diaphragmatic endometriosis should be decided while taking into consideration the symptoms severity, the level of severity of pelvic endometriosis, and the patient’s willingness to conceive. When surgery is decided, the extent and radicality of the surgical approach should be tailored to the patient’s condition and symptomatology. Due to a lack of robust evidence, a combined thoracic-abdominal minimally invasive approach should be considered, but solid recommendations cannot be made. Although excision is the preferred surgical approach, ablation could be considered for superficial peritoneal lesions without partial- or full-thickness muscular infiltration. Asymptomatic lesions are more likely to remain stable than become symptomatic. Therefore, those could be managed expectantly. Future research should focus on the long-term outcomes of diaphragmatic endometriosis surgery, the superiority or non-inferiority of ablative and excisional techniques, and most importantly, the association between thoracic and diaphragmatic endometriosis to decide on the necessity of a combined thoracic-abdominal surgical route.



Author contributions

AN: Conceptualization, Writing – original draft, Writing – review & editing. HR: Writing – review & editing. DM: Supervision, Writing – review & editing. HK: Supervision, Visualization, Writing – review & editing.



Funding

The author(s) declare that no financial support was received for the research, authorship, and/or publication of this article.



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Generative AI statement

The author(s) declare that no Generative AI was used in the creation of this manuscript.



Publisher’s note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



References

 1. Zondervan, KT, Becker, CM, and Missmer, SA. Endometriosis. N Engl J Med. (2020) 382:1244–56. doi: 10.1056/NEJMra1810764


 2. Taylor, HS, Kotlyar, AM, and Flores, VA. Endometriosis is a chronic systemic disease: clinical challenges and novel innovations. Lancet (London, England). (2021) 397:839–52. doi: 10.1016/s0140-6736(21)00389-5


 3. Laganà, AS, and Naem, A. The pathogenesis of endometriosis: are endometrial stem/progenitor cells involved? In: I Virant-Klun, editor. Stem cells in reproductive tissues and organs: From fertility to Cancer. Cham: Springer International Publishing (2022). 193–216.


 4. Koninckx, PR, Ussia, A, Adamyan, L, Wattiez, A, Gomel, V, and Martin, DC. Pathogenesis of endometriosis: the genetic/epigenetic theory. Fertil Steril. (2019) 111:327–40. doi: 10.1016/j.fertnstert.2018.10.013


 5. Van Langendonckt, A, Casanas-Roux, F, Dolmans, MM, and Donnez, J. Potential involvement of hemoglobin and Heme in the pathogenesis of peritoneal endometriosis. Fertil Steril. (2002) 77:561–70. doi: 10.1016/s0015-0282(01)03211-3 

 6. Laganà, AS, Garzon, S, Götte, M, Viganò, P, Franchi, M, Ghezzi, F , et al. The pathogenesis of endometriosis: molecular and cell biology insights. Int J Mol Sci. (2019) 20:5615. doi: 10.3390/ijms20225615 

 7. Malutan, AM, Drugan, T, Costin, N, Ciortea, R, Bucuri, C, Rada, MP , et al. Pro-inflammatory cytokines for evaluation of inflammatory status in endometriosis. Cent Eur J Immunol. (2015) 40:96–102. doi: 10.5114/ceji.2015.50840 

 8. Hapangama, DK, Drury, J, Da Silva, L, Al-Lamee, H, Earp, A, Valentijn, AJ , et al. Abnormally located Ssea1+/Sox9+ endometrial epithelial cells with a basalis-like phenotype in the Eutopic Functionalis layer may play a role in the pathogenesis of endometriosis. Hum Reprod. (2019) 34:56–68. doi: 10.1093/humrep/dey336 

 9. Leyendecker, G, Kunz, G, Wildt, L, Beil, D, and Deininger, H. Uterine hyperperistalsis and Dysperistalsis as dysfunctions of the mechanism of rapid sperm transport in patients with endometriosis and infertility. Hum Reprod. (1996) 11:1542–51. doi: 10.1093/oxfordjournals.humrep.a019435


 10. Tanbo, T, and Fedorcsak, P. Endometriosis-associated infertility: aspects of pathophysiological mechanisms and treatment options. Acta Obstet Gynecol Scand. (2017) 96:659–67. doi: 10.1111/aogs.13082 

 11. McNamara, HC, Frawley, HC, Donoghue, JF, Readman, E, Healey, M, Ellett, L , et al. Peripheral, central, and cross sensitization in endometriosis-associated pain and comorbid pain syndromes. Front Reprod Health. (2021) 3:729642. doi: 10.3389/frph.2021.729642 

 12. Chapron, C, Marcellin, L, Borghese, B, and Santulli, P. Rethinking mechanisms, diagnosis and Management of Endometriosis. Nat Rev Endocrinol. (2019) 15:666–82. doi: 10.1038/s41574-019-0245-z 

 13. Lee, HJ, Park, YM, Jee, BC, Kim, YB, and Suh, CS. Various anatomic locations of surgically proven endometriosis: a single-center experience. Obstetr Gynecol Sci. (2015) 58:53–8. doi: 10.5468/ogs.2015.58.1.53 

 14. Chapron, C, Chopin, N, Borghese, B, Foulot, H, Dousset, B, Vacher-Lavenu, MC , et al. Deeply infiltrating endometriosis: Pathogenetic implications of the anatomical distribution. Hum Reprod. (2006) 21:1839–45. doi: 10.1093/humrep/del079 

 15. Veeraswamy, A, Lewis, M, Mann, A, Kotikela, S, Hajhosseini, B, and Nezhat, C. Extragenital Endometriosis. Clin Obstet Gynecol. (2010) 53:449–66. doi: 10.1097/GRF.0b013e3181e0ea6e


 16. Markham, SM, Carpenter, SE, and Rock, JA. Extrapelvic Endometriosis. Obstet Gynecol Clin N Am. (1989) 16:193–219. doi: 10.1016/S0889-8545(21)00147-9


 17. Andres, MP, Arcoverde, FVL, Souza, CCC, Fernandes, LFC, Abrão, MS, and Kho, RM. Extrapelvic endometriosis: a systematic review. J Minim Invasive Gynecol. (2020) 27:373–89. doi: 10.1016/j.jmig.2019.10.004 

 18. Pagano, F, Schwander, A, Vaineau, C, Knabben, L, Nirgianakis, K, Imboden, S , et al. True prevalence of diaphragmatic endometriosis and its association with severe endometriosis: a call for awareness and investigation. J Minim Invasive Gynecol. (2023) 30:329–34. doi: 10.1016/j.jmig.2023.01.006


 19. Redwine, DB. Diaphragmatic endometriosis: diagnosis, surgical management, and long-term results of treatment. Fertil Steril. (2002) 77:288–96. doi: 10.1016/s0015-0282(01)02998-3 

 20. Ceccaroni, M, Roviglione, G, Farulla, A, Bertoglio, P, Clarizia, R, Viti, A , et al. Minimally invasive treatment of diaphragmatic endometriosis: a 15-year single referral Center's experience on 215 patients. Surg Endosc. (2021) 35:6807–17. doi: 10.1007/s00464-020-08186-z


 21. Naem, A, Andrikos, A, Constantin, AS, Khamou, M, Andrikos, D, Laganà, AS , et al. Diaphragmatic endometriosis-a single-center retrospective analysis of the Patients' demographics, symptomatology, and long-term treatment outcomes. J Clin Med. (2023) 12:6455. doi: 10.3390/jcm12206455 

 22. Ciriaco, P, Muriana, P, Lembo, R, Carretta, A, and Negri, G. Treatment of thoracic endometriosis syndrome: a Meta-analysis and review. Ann Thorac Surg. (2022) 113:324–36. doi: 10.1016/j.athoracsur.2020.09.064


 23. Alifano, M, Trisolini, R, Cancellieri, A, and Regnard, JF. Thoracic endometriosis: current knowledge. Ann Thorac Surg. (2006) 81:761–9. doi: 10.1016/j.athoracsur.2005.07.044 

 24. Jablonski, C, Alifano, M, Regnard, J-F, and Gompel, A. Pneumoperitoneum associated with Catamenial pneumothorax in women with thoracic endometriosis. Fertil Steril. (2009) 91:930.e19–22. doi: 10.1016/j.fertnstert.2008.09.071 

 25. Bachi, A, Bille, A, and Khazali, S. The combined robotic-assisted laparoscopic and thoracic approach in the Management of Diaphragmatic, pleural, and pericardial endometriosis. J Minim Invasive Gynecol. (2023) 30:533–4. doi: 10.1016/j.jmig.2023.03.026


 26. Nezhat, C, Main, J, Paka, C, Nezhat, A, and Beygui, RE. Multidisciplinary treatment for thoracic and abdominopelvic endometriosis. JSLS. (2014) 18:e2014.00312. doi: 10.4293/jsls.2014.00312 

 27. Nezhat, C, Nicoll, LM, Bhagan, L, Huang, JQ, Bosev, D, Hajhosseini, B , et al. Endometriosis of the diaphragm: four cases treated with a combination of laparoscopy and thoracoscopy. J Minim Invasive Gynecol. (2009) 16:573–80. doi: 10.1016/j.jmig.2009.06.012 

 28. Ancona, GD, Merlot, B, Chanavaz-Lacheray, I, Braund, S, Kade, S, Dennis, T , et al. Robotic-assisted laparoscopy excision of a severe form of diaphragmatic endometriosis: a retrospective study of 60 patients. J Minim Invasive Gynecol. (2024) 31:847–54. doi: 10.1016/j.jmig.2024.06.002 

 29. Sampson, JA. Peritoneal endometriosis due to menstrual dissemination of endometrial tissue into the peritoneal cavity. Am J Obstet Gynecol. (1927) 14:422–69. doi: 10.1016/S0002-9378(15)30003-X


 30. Halme, J, Hammond, MG, Hulka, JF, Raj, SG, and Talbert, LM. Retrograde menstruation in healthy women and in patients with endometriosis. Obstet Gynecol. (1984) 64:151–4.

 31. Vercellini, P, Abbiati, A, Viganò, P, Somigliana, ED, Daguati, R, Meroni, F , et al. Asymmetry in distribution of diaphragmatic Endometriotic lesions: evidence in favour of the menstrual reflux theory. Hum Reprod. (2007) 22:2359–67. doi: 10.1093/humrep/dem224 

 32. Ceccaroni, M, Roviglione, G, Giampaolino, P, Clarizia, R, Bruni, F, Ruffo, G , et al. Laparoscopic surgical treatment of diaphragmatic endometriosis: a 7-year single-institution retrospective review. Surg Endosc. (2013) 27:625–32. doi: 10.1007/s00464-012-2505-z 

 33. Chan, RW, Ng, EH, and Yeung, WS. Identification of cells with Colony-forming activity, self-renewal capacity, and multipotency in ovarian endometriosis. Am J Pathol. (2011) 178:2832–44. doi: 10.1016/j.ajpath.2011.02.025 

 34. Praetorius, TH, Leonova, A, Lac, V, Senz, J, Tessier-Cloutier, B, Nazeran, TM , et al. Molecular analysis suggests Oligoclonality and metastasis of endometriosis lesions across anatomically defined subtypes. Fertil Steril. (2022) 118:524–34. doi: 10.1016/j.fertnstert.2022.05.030


 35. Fedele, L, Bianchi, S, Zanconato, G, Tozzi, L, and Raffaelli, R. Gonadotropin-releasing hormone agonist treatment for endometriosis of the rectovaginal septum. Am J Obstet Gynecol. (2000) 183:1462–7. doi: 10.1067/mob.2000.108021 

 36. Barra, F, Laganà, AS, Scala, C, Garzon, S, Ghezzi, F, and Ferrero, S. Pretreatment with Dienogest in women with endometriosis undergoing Ivf after a previous failed cycle. Reprod Biomed Online. (2020) 41:859–68. doi: 10.1016/j.rbmo.2020.07.022 

 37. Kalaitzopoulos, DR, Burla, L, Farkas, F, Eberhard, M, and Samartzis, N. The visual effect of a Down-regulation with Dienogest and Gnrh analogues in endometriosis: lessons learned from two-step surgical approach. J Minim Invasive Gynecol. (2024) 31:369–70. doi: 10.1016/j.jmig.2024.02.003 

 38. Roman, H, Dehan, L, Merlot, B, Berby, B, Forestier, D, Seyer-Hansen, M , et al. Postoperative outcomes after surgery for deep endometriosis of the sacral plexus and sciatic nerve: a 52-patient consecutive series. J Minim Invasive Gynecol. (2021) 28:1375–83. doi: 10.1016/j.jmig.2020.10.018 

 39. Ceccaroni, M, Ceccarello, M, Raimondo, I, Roviglione, G, Clarizia, R, Bruni, F , et al. "a space odyssey" on laparoscopic segmental Rectosigmoid resection for deep endometriosis: a seventeen-year retrospective analysis of outcomes and postoperative complications among 3050 patients treated in a referral center. J Minim Invasive Gynecol. (2023) 30:652–64. doi: 10.1016/j.jmig.2023.04.005 

 40. Bafort, C, Beebeejaun, Y, Tomassetti, C, Bosteels, J, and Duffy, JM. Laparoscopic surgery for endometriosis. Cochrane Database Syst Rev. (2020) 10:CD011031. doi: 10.1002/14651858.CD011031.pub3 

 41. Mackenzie, SC, Stephen, J, Williams, L, Daniels, J, Norrie, J, Becker, CM , et al. Effectiveness of laparoscopic removal of isolated superficial peritoneal endometriosis for the Management of Chronic Pelvic Pain in women (Esprit2): protocol for a multi-Centre randomised controlled trial. Trials. (2023) 24:425. doi: 10.1186/s13063-023-07386-x 

 42. Hans Evers, JL. Is adolescent endometriosis a progressive disease that needs to be diagnosed and treated? Hum Reprod. (2013) 28:2023. doi: 10.1093/humrep/det298 

 43. Knez, J, Bean, E, Nijjar, S, Tellum, T, Chaggar, P, and Jurkovic, D. Natural progression of deep pelvic endometriosis in women who opt for expectant management. Acta Obstet Gynecol Scand. (2023) 102:1298–305. doi: 10.1111/aogs.14491 

 44. Fuentes, A, Escalona, J, Céspedes, P, Espinoza, A, and Johnson, MC. Prevalence of endometriosis in 287 women undergoing surgical sterilization in Santiago Chile. Revista Medica de Chile. (2014) 142:16–9. doi: 10.4067/s0034-98872014000100003 

 45. Redwine, DB, and Hopton, E. Bowel invisible microscopic endometriosis: leave it alone. J Minim Invasive Gynecol. (2018) 25:352–5. doi: 10.1016/j.jmig.2018.01.017 

 46. Wetzel, A, Philip, CA, Golfier, F, Bonnot, PE, Cotte, E, Brichon, PY , et al. Surgical Management of Diaphragmatic and Thoracic Endometriosis': a French multicentric descriptive study. J Gynecol Obstetr Hum Reproduct. (2021) 50:102147. doi: 10.1016/j.jogoh.2021.102147 

 47. Piriyev, E, and Römer, T. Diaphragm endometriosis: random localization or extended form of pelvis endometriosis. A large comparative analysis of 202 cases. Eur J Obstet Gynecol Reprod Biol. (2024) 294:117–22. doi: 10.1016/j.ejogrb.2024.01.020 

 48. Vigueras Smith, A, Cabrera, R, Kondo, W, and Ferreira, H. Diaphragmatic endometriosis minimally invasive treatment: a feasible and effective approach. J Obstetr Gynaecol. (2021) 41:176–86. doi: 10.1080/01443615.2019.1702934 

 49. Roman, H, Dennis, T, Grigoriadis, G, and Merlot, B. Robotic Management of Diaphragmatic Endometriosis in 10 steps. J Minim Invasive Gynecol. (2022) 29:707–8. doi: 10.1016/j.jmig.2022.03.005 

 50. Roman, H, Darwish, B, Provost, D, and Baste, J-M. Laparoscopic Management of Diaphragmatic Endometriosis by three different approaches. Fertil Steril. (2016) 106:e1. doi: 10.1016/j.fertnstert.2016.03.051 

 51. Moawad, G, Youssef, Y, Ayoubi, JM, Feki, A, De Ziegler, D, and Roman, H. Diaphragmatic endometriosis: robotic approaches and techniques. Fertil Steril. (2022) 118:1194–5. doi: 10.1016/j.fertnstert.2022.09.019 

 52. Ochi, T, Kurihara, M, Tsuboshima, K, Nonaka, Y, and Kumasaka, T. Dynamics of thoracic endometriosis in the pleural cavity. PLoS One. (2022) 17:e0268299. doi: 10.1371/journal.pone.0268299 

 53. Nezhat, C, Seidman, DS, Nezhat, F, and Nezhat, C. Laparoscopic surgical Management of Diaphragmatic Endometriosis. Fertil Steril. (1998) 69:1048–55. doi: 10.1016/s0015-0282(98)00056-9


 54. Rousset, P, Gregory, J, Rousset-Jablonski, C, Hugon-Rodin, J, Regnard, JF, Chapron, C , et al. Mr diagnosis of diaphragmatic endometriosis. Eur Radiol. (2016) 26:3968–77. doi: 10.1007/s00330-016-4226-5


 55. Quercia, R, De Palma, A, De Blasi, F, Carleo, G, De Iaco, G, Panza, T , et al. Catamenial pneumothorax: not only Vats diagnosis. Front Surg. (2023) 10:1156465. doi: 10.3389/fsurg.2023.1156465 

 56. Ceccaroni, M, D'Ancona, G, Roviglione, G, Choi, S, Capezzuoli, T, Puppo, A , et al. Tailoring Radicality in diaphragmatic surgery for deep endometriosis: a matter of choice. Best Pract Res Clin Obstet Gynaecol. (2024) 95:102499. doi: 10.1016/j.bpobgyn.2024.102499 


Copyright
 © 2024 Naem, Roman, Martin and Krentel. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.

OPS/xhtml/Nav.xhtml




Contents





		Cover



		A bird-eye view of diaphragmatic endometriosis: current practices and future perspectives



		1 Introduction



		2 The pathogenesis of diaphragmatic endometriosis



		3 The treatment of diaphragmatic endometriosis



		4 Discussion



		5 Conclusion



		Author contributions



		Funding



		Conflict of interest



		Generative AI statement



		Publisher’s note



		References



















OPS/images/fmed-11-1505399-g001.jpg





OPS/images/cover.jpg
’ frontiers = Frontiers in Medicine

A bird-eye view of diaphragmatic
endometriosis: current practices
and future perspectives












OPS/images/crossmark.jpg
©

2

i

|






OPS/images/logo.jpg
¥ frontiers Frontiers in Medicine






