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Abstract

Background. Thoracic endometriosis syndrome (TES) is the most common extrapelvic manifestation of en-
dometriosis, yet its classification, diagnosis, and treatment remain debated. Thoracic endometriosis syndrome
has recently been proposed to be categorized into 3 types: pleural, bronchopulmonary, and diaphragmatic.

Objectives. Our study aims to propose a 3-step approach — computed tomography (CT) imaging, care-
ful intraoperative assessment, and targeted pathology — to enhance the diagnostic process and optimize
the management of TES-related pneumothorax.

Materials and methods. We retrospectively analyzed 3 cases of recurrent right-sided catamenial pneu-
mothorax in female patients with a history of pelvic endometriosis, managed surgically at the Department
of Thoracic Surgery, Medical University of Gdansk (Poland), between 2021 and 2024. All included patients
underwent video-assisted thoracoscopic surgery (VATS), with comprehensive preoperative CT imaging,
intraoperative lesion mapping, and postoperative histopathological examination, improving diagnostic
accuracy in TES, with a possible impact on therapeutic results.

Results. Chest (Tis essential for detecting bullous lesions, aiding in intraoperative identification and surgical
treatment. Immunohistochemistry (IHC), assessing estrogen receptor (ER) and CD10 for stromal identification,
improves pathological accuracy.

Conclusions. This study underlines the diagnostic value of integrating imaging, intraoperative assessment,
and targeted histopathology, as well as clear communication between surgeons, radiologists, and pathologists
to ensure accurate diagnosis and an improved therapeutic process for patients in clinical practice.

Key words: Thoracic endometriosis syndrome, catamenial pneumothorax, video-assisted thoracoscopic
surgery (VATS), computed tomography imaging, immunohistochemistry
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Highlights

difficult to classify and diagnose.
identification, and targeted pathological analysis.

evaluation of endometriotic lesions.

+ Thoracic endometriosis syndrome (TES) is the most common form of extrapelvic endometriosis, yet it remains
« This study presents a 3-step diagnostic approach comprising computed tomography (CT) imaging, intraoperative
+ Video-assisted thoracoscopic surgery (VATS), combined with preoperative CT imaging, enhances the surgical
+ Immunohistochemical staining for estrogen receptor (ER) and CD10 increases diagnostic accuracy.

+ Multidisciplinary collaboration among surgeons, radiologists, and pathologists facilitates more precise surgical
planning based on accurate imaging, increases the pathological diagnostic yield.

Background

Thoracic endometriosis syndrome (TES) is the most
prevalent form of extrapelvic endometriosis,! yet it re-
mains surrounded by controversies regarding its classifi-
cation,? diagnosis,® and treatment.* Recently, it has been
proposed that TES be classified into pleural, bronchopul-
monary, and diaphragmatic forms.> The bronchial pre-
sentation of TES has rarely been reported, while seeding
of endometrial foci on the parietal pleura is exceedingly
rare. The most common manifestation of TES, apart from
the diaphragmatic form, involves subpleural localization
within the pulmonary parenchyma.?® On this basis, dis-
tinguishing between the diaphragmatic and broncho-
pulmonary forms of TES appears justified and allows for
a more appropriate classification of this phenomenon.
In pulmonary TES, chest computed tomography (CT)
reveals bullous lesions® and solid pulmonary tumors,®’
making CT the primary imaging modality. Magnetic reso-
nance imaging (MRI) is valuable for confirming thoracic
endometriosis, offering superior contrast resolution and
the ability to characterize hemorrhagic lesions, despite
its lower spatial resolution. Magnetic resonance imag-
ing is preferred for visualizing diaphragmatic or pleural
implants, while CT scans are crucial for analyzing pul-
monary parenchyma, facilitating difficult intraoperative
identification and effective surgical treatment.?

Catamenial pneumothorax represents a distinct clini-
cal manifestation within the spectrum of TES. Although
itislikely not the most prevalent form of TES, it constitutes
a clinically significant cause of emergency hospital admis-
sions related to primary pneumothorax and, in particular,
recurrent pneumothoraces in women of reproductive age.?
The mean age at diagnosis of TES typically ranges between
34 and 37 years,” which is generally attributed to the long-
standing, often undiagnosed or inadequately treated
course of pelvic endometriosis preceding thoracic involve-
ment in 85% of patients.’® Management of patients with
catamenial pneumothorax remains challenging, largely
due to an exceptionally high recurrence rate, reported
to reach or even exceed 40% despite standard surgical

interventions.!'2 These unfavorable outcomes underscore
the need to reconsider the conventional approach to such
patients, as catamenial pneumothorax should not be man-
aged as a form of spontaneous pneumothorax. Instead,
it has been proposed that TES requires treatment within
dedicated multidisciplinary teams integrating thoracic
surgery, gynecology, radiology, pathology, and hormonal
management to optimize diagnostic accuracy and reduce
the risk of recurrence.’

Adequate pathological analysis of TES involves immu-
nohistochemistry (IHC) to evaluate the expression of es-
trogen receptor (ER) and CDI10 for stromal identification.
Typically, the examination of material resected during
pneumothorax surgery does not include ER IHC for en-
dometrial gland visualization or CD10 IHC for stromal
visualization.**1> Although hematoxylin and eosin (H&E)
staining may be indicative in large pelvic endometriomas,
it is often insufficient for the minimal lesions typically
found in pulmonary TES.

Objectives

We propose a 3-step approach for patients with TES-
related pneumothorax: comprehensive CT assessment,
meticulous intraoperative visualization, and dedicated
pathological evaluation.

Materials and methods

This study is a retrospective analysis of 3 patients who
underwent surgery for recurrent right-sided catamenial
pneumothorax at the Department of Thoracic Surgery,
Medical University of Gdansk, Poland, between Febru-
ary 25, 2021, and January 22, 2024. Each patient had
a documented history of pelvic endometriosis treatment.
We reanalyzed data from preoperative chest CT imaging,
intraoperative findings, and postoperative examination
of surgical specimens. The study was approved by the In-
stitutional Review Board of the Medical University
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of Gdansk (approval No. NKBBN/134/2020-2021 issued
on October 15, 2021). The study was carried out in ac-
cordance with the Code of Ethics of the World Medical
Association (Declaration of Helsinki) for experiments
involving humans. The approval covered the retrospec-
tive analysis of data routinely collected in the electronic
medical records prior to the date it was issued; the data
of the 1% patient were therefore included under the ap-
proved protocol. Individual patient consent was not re-
quired owing to the retrospective, observational design
of the study.

Computed tomography scans were performed before
the surgical intervention. For patients A and B, preopera-
tive scans were performed 1 month before surgery, while for
patient C, the scan was performed 1 week prior. The phase
of the menstrual cycle was not recorded at the time of im-
aging. Patients A, B, and C had experienced 4, 2, and 2 prior
recurrences of right-sided catamenial pneumothorax, re-
spectively. All patients subsequently underwent right-sided
video-assisted thoracoscopic surgery (VATS).

The standardized VATS approach included positioning
the patient in the left lateral decubitus position, utilizing
double-lumen intubation with one-lung ventilation, and
making incisions as follows: a port in the 7" intercostal
space in the anterior axillary line (30° scope), a 3-cm util-
ity incision in the 5% intercostal space with a soft tissue
retractor, and a 2" 10-mm incision in the 8" intercostal
space in the posterior axillary line without a port.

During the procedure, a thorough assessment of the pa-
rietal and visceral pleura, lung, and diaphragm was con-
ducted. Any bullous lesions were excised, and diaphrag-
matic defects were either reconstructed or partially
excised. The procedure concluded with a complete pleu-
rectomy and placement of a 24-French (F) chest drain.
Detailed tissue-processing and immunohistochemical
staining protocols are provided in Supplementary File 1.

Microscopic assessment of the slides was performed
by 2 pathologists (A.C. and R.P.). A positive ER staining
result was indicated by a nuclear reaction, while a posi-
tive CD10 staining result was identified by a membrane
reaction.

Published case reports emphasize the role of ER and
CD10 staining in histopathological confirmation of TES,
whereas progesterone receptor (PR) immunostaining
appears to be less frequently reported.'® However, re-
cent studies recommend including PR alongside ER and
CD10, as it may improve recognition of ectopic endome-
trial foci in the chest cavity. Given that the PR staining
was not performed in our study, we suggest that routine
PR assessment may be useful in the diagnosis of sus-
pected TES.

A positive pathological diagnosis of pulmonary endome-
triosis was retrospectively compared with intraoperative
findings and preoperative imaging. A pattern of consecu-
tive preoperative, intraoperative, and postoperative lesions
typical of pulmonary endometriosis was presented.

Results

Three female patients of reproductive age (37, 39, and
43 years) with recurrent catamenial right-sided pneumo-
thorax participated in this study. The primary symptom for
all patients was pleuritic pain on the right side of the chest.
Preoperative CT scans (axial, frontal, and sagittal views)
revealed bullous lesions in the middle lobe of the right lung
in all patients (Fig. 1).1” Every patient presented with solitary,
non-clustered small bullous lesions on CT imaging, which
were round and subcentimeter in patients A and B and
elliptical, measuring 20 mm, in patient C. No additional
lesions were observed. Using VATS, we identified bullous
lesions in the middle lobe of the right lung in all 3 patients
(Fig. 2), diaphragmatic defects with nodules in 2 patients,
and a porous area without nodules in 1 patient.

During VATS, all patients underwent wedge excision
of pulmonary bullous lesions and complete pleurectomy.
Two patients had partial resection of the tendinous part
of the diaphragm without mesh, and 1 patient had direct
diaphragm reconstruction. Clinical details are summa-
rized below in Table 1. Histopathological examination
of tissue samples obtained intraoperatively from the right
lung revealed subpleural emphysematous changes. Immu-
nohistochemical evaluation of endometrial lesions used
antibodies specific for ERa and CD10, revealing estrogen
receptor-positive (ER+) cells characteristic of endometrial
glands and CD10+ cells indicating the presence of endo-
metrial stroma (Fig. 3).

In patient A, pleural tissue fragments showed 8 subpleu-
ral microfoci of endometriosis measuring 0.5-3 mm in di-
ameter, composed of endometrial stromal cells (CD10+,
ER+) accompanied by dilated blood vessels and small hem-
orrhagic foci. In patient B, a peripheral lung parenchyma
specimen contained a single subpleural microfocus of en-
dometriosis measuring 1.5 mm, characterized by numer-
ous endometrial stromal cells (CD10+, ER+), dilated blood
vessels, and deposits of anthracotic pigment. In patient
C, pleural tissue fragments revealed a single subpleural
microfocus of endometriosis up to 2.5 mm in size, com-
posed mainly of endometrial stromal cells (CD10+, ER+)
and associated with dilated blood vessels.

The operative times for patients A, B, and C were 75,
70, and 139 min. The postoperative course was uncompli-
cated in all patients, with hospital stays of 4, 6, and 4 days,
respectively. Patients A and B had not received hormonal
therapy before admission. After hospitalization, patient
A received dienogest, and patient B received combined
therapy with dienogest and estradiol. Patient C was already
on hormonal therapy, receiving dienogest at admission.
Postoperative hormonal management was determined
individually by the attending physician. Patient A experi-
enced 1 right-sided episode of recurrent catamenial pneu-
mothorax 45 months after surgery, during a 50-month
follow-up. Imaging confirmed the recurrence, but no sur-
gical treatment or chest drainage was required, and no



T. Marjaniski et al. Thoracic endometriosis: Multidisciplinary

Fig. 1. Computed tomography (CT) scans (axial, frontal, and sagittal) of all 3 patients (A, B, and C) showing bullous lesions in the middle lobe of the right

lung (red arrows)

pathology was detected on the left side. Patients B and
C have not experienced recurrence in 26 and 15 months
of follow-up, respectively.

Discussion

This study underscores the necessity for TES-focused
preoperative and postoperative assessments to improve
the diagnosis of TES. Patients with recurrent TES-related
pneumothoraces and underdiagnosed pulmonary TES
are common, largely due to low awareness of TES among
thoracic care teams. Currently, there is no standardized
approach for patients with catamenial, TES-related pneu-
mothorax. Thoracic endometriosis syndrome remains
an orphan disease and a rare but probably important cause
of recurrent pneumothoraces. Its management warrants
a modified and highly coordinated approach, beginning
with tailored radiological evaluation, followed by meticulous

surgical assessment, comprehensive pathological exami-
nation, and, finally, postoperative guidance on hormonal
therapy. Although it is not yet established whether this con-
dition should be managed exclusively in high-volume cen-
ters, it is clear that patients with endometriosis benefit from
a multispecialist model of care involving gynecological and
fertility counseling, pain management, general surgical and
urological input, specialized physiotherapy, dietary support,
psychological and psychiatric care, and access to patient
support groups.'® Thoracic endometriosis syndrome repre-
sents a rare and distinctive manifestation within this dis-
ease spectrum, and in cases of recurrent symptoms, referral
to a multidisciplinary center should be strongly considered.!?

Catamenial pneumothorax should be considered in ovu-
lating women presenting with spontaneous pneumothorax,
even when there is no clinical history suggestive of pel-
vic endometriosis. Video-assisted thoracoscopic surgery
is currently considered the gold standard for the manage-
ment of TES-related pneumothorax, as it allows thorough
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Fig. 2. Surgical findings in all 3 patients (A, B, and C) - subpleural lesions (white arrows) and a damaged diaphragm (red arrows)

inspection of the pleural cavity, lung parenchyma, and dia-
phragm, together with definitive surgical treatment using
a minimally invasive approach.? In cases with suspected
diaphragmatic involvement, the addition of simultaneous
laparoscopic visualization may be advantageous,'>! since
assessment of diaphragmatic lesions from the pleural surface
alone may underestimate the true extent of disease affect-
ing the diaphragmatic muscle and its peritoneal aspect.?0!

Several surgical series emphasize the importance
of a meticulous intraoperative assessment, particularly
careful inspection of the diaphragmatic surface during
video-assisted thoracic procedures.!? Limited diaphrag-
matic interventions, such as plication of suspicious areas,
have been reported to be effective in selected cases, while

adjunctive postoperative hormonal suppression has been
shown to improve outcomes, especially in more com-
plex or recurrent presentations. Collectively, published
data indicate that diaphragmatic involvement is detected
in a substantial proportion of patients, and that outcomes
vary according to the extent and method of diaphragmatic
management. Direct surgical repair involving mesh-based
reconstruction has been described, yet analyses expressed
in proportional terms consistently suggest superior results
when all visible diaphragmatic abnormalities are actively
addressed.’ In particular, reconstruction with prosthetic
materials, including biological meshes, has been associated
with favorable perioperative safety and durable long-term
results when compared with more limited approaches.
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Fig. 3. Hematoxylin and eosin (H&E) staining and immunohistochemical (IHC) staining for estrogen receptor alpha (ER-a) and CD10 in specimens from

patients A, B, and C

Large literature-based series further demonstrate that
optimal management of catamenial pneumothorax and
other thoracic manifestations of endometriosis relies
on a combined surgical and hormonal strategy. Surgical
treatment commonly encompasses apical lung resection,
excision of all suspected visceral and parietal pleural le-
sions, and partial resection or reconstruction of the dia-
phragm in the presence of nodules or fenestrations, aiming
to eliminate diseased tissue and restore diaphragmatic
integrity. Obliteration of the pleural cavity (pleurectomy,
surgical abrasion, and chemical or talc pleurodesis) is con-
sidered an important component of treatment, intended
to reduce the risk of recurrence related to microscopic
or newly implanted endometrial foci.?? Despite these ob-
servations, no uniform, evidence-based recommendations

currently exist regarding the optimal extent of surgery.
Nevertheless, based on the cumulative evidence from
the literature and our own experience, we advocate a com-
prehensive approach consisting of removal of all suspected
pulmonary lesions, including small or atypical bullous
lesions, systematic repair or reconstruction of the dia-
phragm, and adjuvant hormonal therapy following thoracic
surgery.? Female patients of reproductive age with pneu-
mothorax, particularly right-sided, should be thoroughly
evaluated for a TES-related etiology prior to any treatment,
including chest drainage.

The risk of TES increases in the presence of coexisting
pelvic endometriosis,'>?? the recurrent nature of the pneu-
mothorax,?*?> a history of infertility,?*?” and menses-re-
lated arm or chest pain.’ The incidence of TES-related
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Table 1. Clinical characteristics of all patients

Patient A |
Age [years] 37 39

Clinical aspect | Patient B

Primary reason for hospital
admission

Recurrent catamenial right-sided
pneumothorax

Recurrent catamenial right-sided
pneumothorax

Pleuritic pain on the right side
of the chest

Pleuritic pain on the right side

Main symptom of the chest

Yes — status post resection

Previous diagnosis ) o
of endometrial lesions in the lesser

of endometriosis

Yes — status post surgical treatment
of ovarian endometrial cysts

pelvis
Computed tomography Bullous lesion in the middle lobe Bullous lesion in the middle lobe
findings of the right lung of the right lung

Wedge resection of lesions
in the right lung; partial resection
and reconstruction of the diaphragm;
pleurectomy

Wedge resection of the bullous lesion
in the middle lobe; reconstruction
of the diaphragm; pleurectomy

Surgical treatment

Emphysematous bullous lesion
in the middle lobe of the right lung;

Emphysematous bullous lesion

LAUB S IR/ in the middle lobe of the right lung;

eI defect of the diaphragm defect of the diaphragm with nodules
Operative time [min] 75 70

Postoperative stay [days] 4 6

Hormonal therapy None None

at admission

Combined therapy with dienogest and
estradiol initiated after surgery and
maintained for 26 months

Hormonal therapy after
surgical treatment

Dienogest initiated after the procedure
and continued for 15 months

Patient C
43

Recurrent catamenial right-sided
pneumothorax

Pleuritic pain on the right side
of the chest

Yes — status post resection
of an endometrial lesion
in the abdominal cavity

Bullous lesion in the middle lobe
of the right lung

Wedge resection of the bullous lesion
in the middle lobe; partial resection
and reconstruction of the diaphragm;
pleurectomy

Emphysematous bullous lesion
in the middle lobe of the right lung;
defect of the diaphragm with nodules

139
4

Dienogest

Dienogest therapy was continued for
15 months

Recurrences of catamenial
pneumothorax

One episode of recurrent catamenial
pneumothorax

None None

VATS - video-assisted thoracoscopic surgery.

pneumothorax among all patients of childbearing age with
pneumothorax ranges from 7% to 37%.2% In such cases,
patients should be referred to centers capable of complex
interventions, where multidisciplinary care — involving
specialists in thoracic surgery, gynecology, radiology,
pathology, anesthesia, and pain management — is read-
ily available, and where surgical teams have the expertise
to perform combined procedures, including simultane-
ous thoracoscopic and laparoscopic evaluation of the dia-
phragm to ensure comprehensive identification and resec-
tion of all endometriotic foci.!* The need for dedicated
TES care teams remains an open question, though this
solution has been discussed by a specialist team organized
by the Polish Ministry of Health.?>39 As a general prin-
ciple, surgery for endometriosis should be meticulously
planned with the aim of identifying and removing all foci
of deep infiltrating endometriosis (DIE).3! In thoracic en-
dometriosis, diaphragmatic involvement is present in ap-
prox. 84% of cases, and VATS is the preferred surgical
approach in the majority of patients, while laparoscopy
is performed concomitantly or in a staged fashion in about
half of them. Taken together, these observations support
the need to plan for complete management of all dia-
phragmatic endometriotic foci, including direct suturing
of defects or ablation of superficial lesions, and excision
of diaphragmatic segments in cases of DIE with subsequent
reconstruction, preferably with mesh implantation.!¢:32

There are various interpretations of the radiological pre-
sentation of pulmonary TES.>>7 In our view, MRI may be
beneficial for identifying diaphragmatic implants, whereas
CT remains the standard for strictly pulmonary lesions.
Computed tomography is useful for diagnosing exten-
sive diaphragmatic defects that can lead to the rarely ob-
served occurrence of hepatic herniation.?® In our series,
all patients had diaphragmatic defects identified intraop-
eratively, despite the absence of a preoperative diagnosis
on CT scans. A meticulous preoperative CT assessment
with careful attention to small, subpleural bullous lesions
is indicated, as these subtle findings may represent early
or atypical manifestations of thoracic endometriosis rather
than incidental or clinically insignificant small bullous le-
sions. Although their predominant occurrence in the mid-
dle lobe may be coincidental, this pattern could also reflect
the inherently unpredictable distribution of subpleural
endometriotic foci. Whereas previous studies have pri-
marily described CT and MRI as diagnostic methods for
evaluating abdominal and diaphragmatic endometriotic
lesions,® our study highlights the value of CT in iden-
tifying endometrial features within the thoracic cavity
itself by presenting 3 cases in which pulmonary lesions
were delineated on CT, thereby reinforcing the diagnostic
value of meticulous thoracic CT evaluation.® Recognizing
these nuances can improve diagnostic accuracy and guide
more targeted intraoperative assessment. Unlike previous



studies, which associated TES-related pneumothorax with
solid tumors,®” our research identified minimal subpleural
bullous lesions that correlate with the pathological pre-
sentation of TES. These subtle intrapulmonary bullous
lesions are adequately visualized with non-contrast CT.
Large lung cancer screening trials using CT have improved
the understanding of sub-centimeter solid pulmonary nod-
ules. The clinical interpretation of these lesions, found
in nearly 25% of screened individuals,3* is challenging.
Most subpleural nodules are benign, often attributed
to carbon-loaded lymph nodes.3> The CT scans of patients
A and B did not reveal significant bullous lesions or other
pathological findings at first glance; however, on retro-
spective review, subtle abnormalities can be appreciated,
underscoring the need for meticulous radiologic assess-
ment in premenopausal patients with recurrent pneumo-
thorax, in whom TES should be considered. This radiologic
impression was confirmed intraoperatively, when patient
C was found to have the most substantial disease burden,
whereas patients A and B demonstrated only minor lesions.
We strongly advocate for the preoperative identification
of even minimal bullous lesions in patients with suspected
TES-related pneumothorax, given the high risk of their
association with TES.

In many articles addressing IHC in thoracic endometrio-
sis, antibodies for detecting CD10 are predominantly uti-
lized, often in conjunction with antibodies for ER and/or PR
detection. While CD10 is generally adequate for identifying
endometriosis, its co-expression with ER/PR can be benefi-
cial in diagnosing catamenial pneumothorax.!*!> Indeed,
ER, PR, and CD10 are the most commonly evaluated mark-
ers in TES. However, interferon-inducible transmembrane
protein 1 (IFITM1) for stromal cells and PA X8 for epithelial
cells have also been proposed as sensitive markers in extra-
pelvic endometriosis.™* In a retrospective study involving
55 women undergoing surgery for pneumothorax, IHC for
ER, PR, and CD10 was performed on bland stromal spindle
cells of the lung.3¢ A total of 37 cases that tested positive for
both receptors were subsequently classified as exhibiting
either “scattered” or “aggregated” patterns. The scattered
pattern (33/37) was CD10-negative and associated with
a lower 5-year recurrence rate of pneumothorax (16.7%),
whereas the aggregated pattern (4/37) was CD10-positive
and linked to a higher 5-year recurrence rate (62.5%). No-
tably, as the scattered pattern was also found in the male
control group, a diagnosis of thoracic endometriosis was
made only in cases exhibiting the aggregated pattern.® All
patients in our study were ER- and CD10-positive. Although
further research is needed, meticulous evaluation of staining
patterns may enhance the precision of TES diagnosis. Early
identification of even subtle lesions appears to contribute
to a more favorable prognosis, reflected in fewer recurrences
of TES-related pneumothorax. Close collaboration between
surgical and pathological teams remains essential for recog-
nizing lesions most likely associated with TES. Importantly,
we believe that TES should be considered a potential etiology

T. Marjaniski et al. Thoracic endometriosis: Multidisciplinary

of recurrent pneumothorax in every woman of premeno-
pausal age. Diagnosing endometriotic foci within the lung
not only establishes the presence of thoracic endometriosis
but also enables appropriate systemic treatment of endo-
metriosis as a disease entity. Incorporating routine ER/PR/
CD10 immunostaining into the pathological assessment
of lung specimens obtained during pneumothorax surgery
in premenopausal women may further increase diagnostic
yield and improve overall quality of care, ultimately helping
to reduce recurrence rates. Although simple pneumothorax
surgery can be effectively performed using a uniportal VATS
approach, our strategy prioritizes a more comprehensive
intraoperative assessment, including meticulous inspection
of the lung parenchyma, diaphragmatic evaluation, partial
resection, and, when necessary, diaphragmatic reconstruc-
tion. While increasingly complex procedures are now per-
formed through uniportal access in high-volume centers
of excellence, a utility incision complemented by 1 or 2 addi-
tional ports remains the standard technique in many institu-
tions and continues to be widely adopted in routine clinical
practice.’” Moreover, we believe that the debate regarding
the optimal number of ports in minimally invasive thoracic
surgery has largely diminished following the widespread
introduction of robot-assisted approaches.

Limitations of the study

This study acknowledges several important limitations.
First, it involves a small cohort of patients treated at a single
center by 1 general thoracic surgeon. While this may reflect
the clinical approach of a single specialist, such scenarios
are not uncommon in the context of orphan diseases. Sec-
ond, the order in which assessments were performed rep-
resents a limitation. Ideally, a meticulous radiological as-
sessment should precede intraoperative findings, which are
then confirmed by a pathologist’s report. In our study, in-
traoperative findings, when confirmed by the pathological
report, were subsequently compared with preoperative CT
scans, which identified minimal yet clinically significant
lesions. Third, the follow-up duration was variable among
patients A, B, and C (50, 26, and 15 months). Moreover,
data on the menstrual cycle phase at the time of chest CT
imaging were not collected. Although some recent studies
have assessed the radiological features of TES in relation
to the menstrual cycle phase, this approach is not rou-
tinely implemented. The absence of this information may
have limited the interpretative specificity of our imaging
findings. We suggest that future studies may benefit from
standardized documentation of menstrual cycle phase
at the time of imaging. An additional potential limitation
is the absence of PR staining, which may have reduced our
ability to detect or confirm some TES lesions. Despite all
these limitations, we assert that it is both clinically and
scientifically justified to emphasize the recommendation
not to underestimate the risk of TES in small, subpleural
bullous lesions located outside the lung apex.
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Conclusions

Small subpleural bullous lesions may represent radiologi-
cal manifestations of TES. Preoperative CT scans likely
facilitate the intraoperative localization of minimal lesions.
Effective communication between surgeons, radiologists,
and pathologists enhances the diagnostic yield in TES,
potentially influencing treatment outcomes.
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Supplementary File 1. Tissue processing and analysis.

Data Availability Statement

The datasets supporting the findings of the current study
are available from the corresponding author on reasonable
request. The data are not publicly available due to ethical
reasons, by reason of human research participant data
presence.

Consent for publication
of personal information

Not applicable.
Use of Al and Al-assisted technology

Not applicable.

ORCID iDs

Tomasz Marjanski
Natalia Szczepanska
Julia Niedzielska
Aleksandra Ciarka
Rafat Peksa
Aleksandra Czapla
Renata Swigtkowska-Stodulska
Ewa Milnerowicz-Nabzdyk

https://orcid.org/0000-0002-1260-3269
https://orcid.org/0009-0000-4153-5480

https://orcid.org/0009-0003-0674-8781

https://orcid.org/0000-0002-6799-5829
https://orcid.org/0000-0002-4904-7059
https://orcid.org/0000-0001-5262-8885

https://orcid.org/0000-0003-4633-2863

https://orcid.org/0000-0001-6473-5215

References

1. Andres MP, Arcoverde FVL, Souza CCC, Fernandes LFC, Abrao MS,
Kho RM. Extrapelvic endometriosis: A systematic review. J Minim
Invasive Gynecol. 2020;27(2):373-389. doi:10.1016/j.jmig.2019.10.004

2. Nezhat C, Amirlatifi N, Najmi Z, Tsuei A. Thoracic endometriosis syn-
drome: A comprehensive review and multidisciplinary approach to
management.J Clin Med. 2024;13(24):7602. doi:10.3390/jcm13247602

3. Rousset P, Rousset-Jablonski C, Alifano M, Mansuet-Lupo A, Buy JN,
Revel MP. Thoracic endometriosis syndrome: CT and MR features.
Clin Radiol. 2014;69(3):323-330. doi:10.1016/j.crad.2013.10.014

4. Ceccaroni M, Roviglione G, Farulla A, et al. Minimally invasive treat-
ment of diaphragmatic endometriosis: A 15-year single referral cen-
ter's experience on 215 patients. Surg Endosc. 2021;35(12):6807-6817.
doi:10.1007/s00464-020-08186-z

5. Chen ML, LiCY.Thoracicendometriosis. N Engl JMed. 2021;385(19):e65.
doi:10.1056/NEJMicm2105508

6. SanadaT, ParkJ, Hagiwara M, et al. CT and MRI findings of broncho-
pulmonary endometriosis: A case presentation. Acta Radiol Open.
2018;7(10):2058460118801164. doi:10.1177/2058460118801164

20.

21.

22.

23.

24,

25.

26.

27.

Lee YR, Choi YW, Jeon SC, Paik SS, Kang JH. Pleuropulmonary endo-
metriosis: CT-pathologic correlation. Am J Roentgenol. 2006;186(6):
1800-1801. doi:10.2214/AJR.05.0568

Marjanski T, Czapla A, Niedzielska J, et al. What will we learn if we start
listening to women with menses-related chest pain? J Clin Med. 2025;
14(9):2882. d0i:10.3390/jcm14092882

Gatteschi L, Viggiano D, Indino R, et al. Surgical management and
outcomes of catamenial pneumothorax: A European multicentre
real-life comparative study. Interdiscip Cardiovasc Thorac Surg. 2025;
40(7):ivaf129. doi:10.1093/icvts/ivaf129

. Soriano D, Schonman R, Gat |, et al. Thoracic endometriosis syn-

drome is strongly associated with severe pelvic endometriosis and
infertility. J Minim Invasive Gynecol. 2012;19(6):742-748. doi:10.1016/j.
jmig.2012.08.773

. CiriacoP,Negri G, LibrettiL, etal. Surgical treatment of catamenial pneu-

mothorax: A single centre experience. Interact Cardiovasc Thorac Surg.
2009;8(3):349-352. doi:10.1510/icvts.2008.190975

. Korom S, Canyurt H, Missbach A, et al. Catamenial pneumothorax

revisited: Clinical approach and systematic review of the literature.
J Thorac Cardiovasc Surg. 2004;128(4):502-508. doi:10.1016/j.jtcvs.
2004.04.039

. Nezhat C,Main J, Paka C, Nezhat A, Beygui RE. Multidisciplinary treatment

for thoracicand abdominopelvic endometriosis. J Soc Laparosc Surg.
2014;18(3):e2014.00312. d0i:10.4293/JSLS.2014.00312

. MechaE, Makunja R, Maoga JB, et al. The importance of stromal endo-

metriosis in thoracic endometriosis. Cells. 2021;10(1):180. doi:10.3390
/cells10010180

. Mataca E, Rossi G, Colby TV. The helpful role of CD10 and hormonal

receptors co-expression in the histologic diagnosis of catamenial
pneumothorax. IntJ Surg Pathol. 2019;27(6):593-597. doi:10.1177/1066
896919846386

. Adelekan O, Alowami M, Vasudev P. Catamenial pneumothorax and

endometriosis: Report of a rare case. IntJ Case Rep Images. 2024;15(2):
47-52.d0i:10.5348/101469Z010A2024CR

Hansell DM, Bankier AA, MacMahon H, McLoud TC, Miiller NL, Remy J.
Fleischner Society: glossary of terms for thoracicimaging. Radiology.
2008;246(3):697-722. doi:10.1148/radiol.2462070712

. D’Hooghe T, Hummelshoj L. Multi-disciplinary centres/networks of

excellence for endometriosis management and research: A proposal.
Hum Reprod. 2006;21(11):2743-2748. doi:10.1093/humrep/del123

. Nezhat C, Nicoll LM, Bhagan L, et al. Endometriosis of the diaphragm:

Four cases treated with a combination of laparoscopy and thora-
coscopy.J Minim Invasive Gynecol. 2009;16(5):573-580. doi:10.1016/j.
jmig.2009.06.012

Redwine DB. Diaphragmatic endometriosis: Diagnosis, surgical man-
agement, and long-term results of treatment. Fertil Steril. 2002;77(2):
288-296. doi:10.1016/50015-0282(01)02998-3

Vigueras Smith A, Cabrera R, Kondo W, Ferreira H. Diaphragmatic
endometriosis minimally invasive treatment: A feasible and effec-
tive approach. J Obstet Gynaecol. 2021;41(2):176-186. doi:10.1080/
01443615.2019.1702934

Alifano M, Jablonski C, Kadiri H, et al. Catamenial and noncatamenial,
endometriosis-related or nonendometriosis-related pneumothorax
referred for surgery. AmJRespir Crit Care Med. 2007;176(10):1048-1053.
doi:10.1164/rccm.200704-5870C

Augoulea A, Lambrinoudaki |, Christodoulakos G. Thoracic endometri-
osis syndrome. Respiration. 2008;75(1):113-119. d0i:10.1159/000105102
Ciriaco P, Muriana P, Carretta A, Ottolina J, Candiani M, Negri G. Cata-
menial pneumothorax as the first expression of thoracic endometri-
osis syndrome and pelvic endometriosis. J Clin Med. 2022;11(5):1200.
doi:10.3390/jcm11051200

Alifano M, Legras A, Rousset-Jablonski C, et al. Pneumothorax recur-
rence after surgery in women: Clinicopathologic characteristics and
management. Ann Thorac Surg. 2011;92(1):322-326. doi:10.1016/j.
athoracsur.2011.03.083

Rousset-Jablonski C, Alifano M, Plu-Bureau G, et al. Catamenial pneu-
mothorax and endometriosis-related pneumothorax: Clinical fea-
tures and risk factors. Hum Reprod. 2011;26(9):2322-2329. d0i:10.1093/
humrep/der189

Naem A, Andrikos A, Constantin A, et al. Diaphragmatic endome-
triosis: A single-center retrospective analysis of the patients’ demo-
graphics, symptomatology, and long-term treatment outcomes.
J Clin Med. 2023;12(20):6455. d0i:10.3390/jcm12206455


https://doi.org/10.5281/zenodo.17641838
https://doi.org/10.5281/zenodo.17641838
https://www.doi.org/10.1016/j.jmig.2019.10.004
https://www.doi.org/10.3390/jcm13247602
https://www.doi.org/10.1016/j.crad.2013.10.014
https://www.doi.org/10.1007/s00464-020-08186-z
https://www.doi.org/10.1056/NEJMicm2105508
https://www.doi.org/10.1177/2058460118801164
https://www.doi.org/10.2214/AJR.05.0568
https://www.doi.org/10.3390/jcm14092882
https://www.doi.org/10.1093/icvts/ivaf129
https://www.doi.org/10.1016/j.jmig.2012.08.773
https://www.doi.org/10.1016/j.jmig.2012.08.773
https://www.doi.org/10.1510/icvts.2008.190975
https://www.doi.org/10.1016/j.jtcvs.2004.04.039
https://www.doi.org/10.1016/j.jtcvs.2004.04.039
https://www.doi.org/10.4293/JSLS.2014.00312
https://www.doi.org/10.3390/cells10010180
https://www.doi.org/10.3390/cells10010180
https://www.doi.org/10.1177/1066896919846386
https://www.doi.org/10.1177/1066896919846386
https://www.doi.org/10.5348/101469Z01OA2024CR
https://www.doi.org/10.1148/radiol.2462070712
https://www.doi.org/10.1093/humrep/del123
https://www.doi.org/10.1016/j.jmig.2009.06.012
https://www.doi.org/10.1016/j.jmig.2009.06.012
https://www.doi.org/10.1016/S0015-0282(01)02998-3
https://www.doi.org/10.1080/01443615.2019.1702934
https://www.doi.org/10.1080/01443615.2019.1702934
https://www.doi.org/10.1164/rccm.200704-587OC
https://www.doi.org/10.1159/000105102
https://www.doi.org/10.3390/jcm11051200
https://www.doi.org/10.1016/j.athoracsur.2011.03.083
https://www.doi.org/10.1016/j.athoracsur.2011.03.083
https://www.doi.org/10.1093/humrep/der189
https://www.doi.org/10.1093/humrep/der189
https://www.doi.org/10.3390/jcm12206455

10

28.

29.

30.

31.

32.

Gil Y, Tulandi T. Diagnosis and treatment of catamenial pneumothorax:
A systematic review. J Minim Invasive Gynecol. 2020;27(1):48-53.
doi:10.1016/j.jmig.2019.08.005

Ministry of Health of the Republic of Poland. Zarzadzenie Minis-
tra Zdrowia z dnia 7 marca 2023 r. w sprawie powotania Zespotu
do spraw endometriozy. Warsaw, Poland: Ministry of Health of
the Republic of Poland; 2023. https://dziennikmz.mz.gov.pl/DUM_
MZ/2023/20/oryginal/akt.pdf. Accessed January 27, 2026.

Ministry of Health of the Republic of Poland. Wprowadzamy kole-
jne zmiany w opiece zdrowotnej kobiet. Warsaw, Poland: Ministry
of Health of the Republic of Poland; 2025. https://www.gov.pl/web/
zdrowie/wprowadzamy-kolejne-zmiany-w-opiece-zdrowotnej-kobiet.
Accessed January 27, 2026.

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

Wetzel A, Philip CA, Golfier F, et al. Surgical management of diaphrag-
matic and thoracic endometriosis’: A French multicentric descriptive
study. J Gynecol Obstet Hum Reprod. 2021;50(8):102147. doi:10.1016/j.
jogoh.2021.102147

33.

34.

35.

36.

37.

T. Marjaniski et al. Thoracic endometriosis: Multidisciplinary

Visouli AN, Zarogoulidis K, Kougioumtzi |, et al. Catamenial pneu-
mothorax.J Thorac Dis. 2014;6(Suppl 4):5448-460. doi:10.3978/j.issn.
2072-1439.2014.08.49

National Lung Screening Trial Research Team; Aberle DR, Adams AM,
Berg CD, et al. Reduced lung-cancer mortality with low-dose com-
puted tomographic screening. N Engl J Med. 2011;365(5):395-409.
doi:10.1056/NEJM0a1102873

Alifano M, Trisolini R, Cancellieri A, Regnard JF. Thoracic endome-
triosis: Current knowledge. Ann Thorac Surg. 2006;81(2):761-769.
doi:10.1016/j.athoracsur.2005.07.044

KawaguchiY, Hanaoka J, Ohshio Y, et al. Diagnosis of thoracic endome-
triosis with immunohistochemistry. J Thorac Dis. 2018;10(6):3468-3472.
doi:10.21037/jtd.2018.05.121

Hansen HJ, Petersen RH. Video-assisted thoracoscopic lobectomy
using a standardized three-port anterior approach: The Copenha-
gen experience. Ann Cardiothorac Surg. 2012;1(1):70-76. doi:10.3978/j.
issn.2225-319X.2012.04.15


https://www.doi.org/10.1016/j.jmig.2019.08.005
https://dziennikmz.mz.gov.pl/DUM_MZ/2023/20/oryginal/akt.pdf
https://dziennikmz.mz.gov.pl/DUM_MZ/2023/20/oryginal/akt.pdf
https://www.gov.pl/web/zdrowie/wprowadzamy-kolejne-zmiany-w-opiece-zdrowotnej-kobiet
https://www.gov.pl/web/zdrowie/wprowadzamy-kolejne-zmiany-w-opiece-zdrowotnej-kobiet
https://www.doi.org/10.1093/hropen/hoac009
https://www.doi.org/10.1093/hropen/hoac009
https://www.doi.org/10.1016/j.jogoh.2021.102147
https://www.doi.org/10.1016/j.jogoh.2021.102147
https://www.doi.org/10.3978/j.issn.2072-1439.2014.08.49
https://www.doi.org/10.3978/j.issn.2072-1439.2014.08.49
https://www.doi.org/10.1056/NEJMoa1102873
https://www.doi.org/10.1016/j.athoracsur.2005.07.044
https://www.doi.org/10.21037/jtd.2018.05.121
https://www.doi.org/10.3978/j.issn.2225-319X.2012.04.15
https://www.doi.org/10.3978/j.issn.2225-319X.2012.04.15

