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Abstract: Background/Objectives: Endometriosis is characterized by the presence of ectopic endometrial-
like glands and stroma outside the endometrial cavity, which mainly occurs in the pelvic cavity.
Pulmonary endometriosis, or thoracic endometriosis syndrome (TES), describes the rare presence
of endometrial-like cells in the thoracic cavity and includes catamenial pneumothorax, catamenial
hemothorax, hemoptysis, and lung nodules. Our aim is to summarize the results of all reported
cases of TES. Methods: Extensive research was conducted through MEDLINE/PUBMED using the
keywords “thoracic endometriosis”, “thoracic endometriosis syndrome”, “catamenial pneumotho-
rax”, “catamenial hemoptysis”, and “TES”. Following PRISMA guidelines, all published cases of TES
between January 1950 and March 2024 were included. A systematic review of 202 studies in English,
including 592 patients, was performed. Results: The median age of women with TES is 33.8 years old.
The most common clinical presentation is catamenial pneumothorax (68.4%), while lesions are mainly
found in the right lung unilaterally (79.9%). Chest computed tomography (CT) was used alone
or after an X-ray to determine the pathological findings. Ground-glass opacity nodules and cystic
lesions represent the most common finding in CT, while pneumothorax is the most common finding
in X-rays. Video-assisted thoracoscopic surgery (VATS) is the main therapeutic approach, usually in
combination with hormonal therapy, including GnRH analogues, progestins, androgens, or combined
oral contraceptives. Hormonal therapy was also administered as monotherapy. Symptom recurrence
was reported in 10.1% of all cases after the treatment. Conclusions: High clinical awareness and a
multidisciplinary approach are necessary for the best clinical outcome for TES patients. More studies
are required to extract safer conclusions.
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1. Introduction

Endometriosis is a chronic inflammatory process which affects approximately 10%
of women of reproductive age [1]. It is defined by the presence of both endometrial-like
stroma and glands outside the endometrial cavity [2]. Most lesions are located in the pelvis
or the abdomen, and thus mainly cause pelvic pain, infertility, and uterine bleeding [1].

Thoracic endometriosis syndrome (TES) is a less frequent clinical entity. Due to
the diverse symptoms of TES the exact incidence is challenging to establish. Studies
suggest that 1.5% of the population have thoracic involvement of endometriosis [1]. The
diaphragm, pleural cavity, and pulmonary parenchyma are affected by these lesions. TES
is defined by four clinical entities, which include catamenial hemothorax (CHt), catamenial
hemoptysis (CH), catamenial pneumothorax (CP), and lung nodules [3]. CH constitutes
a rare entity which is characterized by recurrent hemoptysis during menstruation. The
presence of endometrial tissue in the lung parenchyma or bronchus is regarded as the
primary cause of this symptom. The pathophysiological mechanisms of intrabronchial or
parenchymatic endometrial lesions still remain unclear. Additionally, there is no agreement
on the characteristic clinical features or the ideal therapeutic alternatives for patients with
lung endometriosis [3].

The aim of the current study is to present the total number of case reports presented
in the international bibliography of thoracic endometriosis, and to evaluate their epidemio-
logical features, symptoms, diagnostic methods, treatment procedures, and outcomes.

2. Materials and Methods

A review of the literature was conducted using the PubMed database to identify
articles of case reports and case series of thoracic endometriosis. This systematic review was
created in accordance with the guidelines of the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA guidelines). All the articles published between
January 1950 and March 2024 that met the inclusion criteria were accumulated in this
systematic review. Specifically, our research was performed using keywords, separately and
in various combinations, such as lung, pulmonary, thoracic endometriosis, TES, catamenial,
hemothorax, hemoptysis, and pneumothorax. This study has not been registered in any
public registry.

This systematic review includes patients diagnosed with thoracic endometriosis based
on clinical or pathological findings, without specific consideration of the diagnostic meth-
ods used. Data from each publication on thoracic endometriosis were extracted and
summarized based on the symptoms, the imaging methods utilized and their findings,
smoking status, history of pelvic endometriosis, prior gynecological procedures, therapeutic
approaches, and any reported recurrences.

The initial research using the aforementioned keywords identified 895 articles. After
the removal of duplicates, 885 remained, and by filtering by case reports and case series,
444 studies remained. Furthermore, we checked the references from all articles found,
aiming to include any other eligible studies. The remaining articles were screened and 242
were excluded for various reasons, such as irrelevant topics regarding the diagnosis of the
case report, insufficient data, or the type of the article (e.g., abstract or review). Publications
in non-English languages were also excluded. There were 202 full-text articles assessed for
eligibility and none of them were excluded.

Risk of Bias

To minimize the bias risk of the systematic review of case reports and series, we
predefined the inclusion and exclusion criteria as outlined previously.

Initially, the bibliography was assembled based on title and abstract by one author, and
the full text screening was performed by another author. Two different authors performed
the data extraction from the articles that met the inclusion criteria. Data about the age,
symptoms, diagnostic methods, radiological findings, history of pelvic endometriosis and
surgical history, treatment procedures, and recurrency rates in each article included were
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exported to an MS Excel spreadsheet to collect the same information. Two independent
reviewers performed double data extraction to reduce the risk of bias assessments, and any
disagreements were resolved by a third reviewer.

Some of the limitations manifested in this review are the exclusion of non-English
language articles and the inconsistency of some common points among the studies included.

The inclusion process is shown in Figure 1 (PRISMA flow diagram).
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3. Results

A total of 592 patients with thoracic endometriosis in 202 studies were reported and
are listed below. Their main characteristics are reported in Tables 1–7. Their median age
was 33.8 years old at presentation, and the most common symptom was pneumothorax
(68.4%, 405/592), followed by chest pain (22%, 130/592), dyspnea (20.9%, 124/592), and
hemoptysis (14.2%, 84/592). Cough as the main symptom was reported in 6.8% (40/592) of
cases and pelvic pain, as a unique symptom, was presented in 2.4% (14/592). Other rare
presentations were flu-like symptoms (4/592), shock state (1/592), or absence of symptoms
(2/592). The presentation of the symptoms related to thoracic endometriosis is illustrated
in Table 1.

Table 1. Symptoms of pulmonary endometriosis mentioned in the studies included in the systematic
review.

Symptom Number of Cases (592) References

Pneumothorax 405 [4–71]

Chest pain 130 [3,5,6,8–21,23,25–29,32,35,36,38,40,42–
46,50–56,58,59,62,64,66,68–70,72–108]

Dyspnea 124

[6–11,13–15,17,21,23,25,27,36,39,42–
44,47,51,52,56,59,60,63,64,66,68–
70,72,76,79,80,82,86,87,91,93,95–

100,103,106,108–128]

Catamenial hemoptysis 84 [3,4,10,13,19,35,37,58,73,81–85,88–
90,129–181]
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Table 1. Cont.

Symptom Number of Cases (592) References

Cough 40
[9,13,16,39,44,47,52,61,63,73,82,86,87,92,
99,100,106,108,109,117,119,120,125,127,

134,156,181]
Hemothorax 22 [44,77,82,106,126,182,183]

Pelvic–abdominal pain 14 [5,6,41,48,75,85,105,128,177,183–185]
Hydropneumothorax 12 [39,46,47,63,76,82,88,100,119,122,127]

Flu-like 4 [58,65,133,186]
Shock state 1 [58]

Asymptomatic 2 [13,182]

In total, 35.3% of the included patients (47/133) were smokers, whereas 6% (8/133)
were ex-smokers, and 58.6% (78/133) did not exhibit smoking habits. There is no in-
formation concerning smoking in the remaining 460 cases (77.5% of the total patients)
(Table 2).

Table 2. Smoking habits of the patients included in the systematic review.

Smoking Habits Number of Cases (592) References

Smokers 47 [67,69,70,102,107,111,137,147,164,171,
186–190]

Ex-smokers 8 [107,133,135,147,188,191]

Non-smokers 78

[8,9,12,21,22,25,27,28,39–42,46,50,60,61,
71,81,84,85,87,92,93,100,101,107,112,114,
117,120,121,131,136,140,152,153,161,166,

167,174,176,178,180,183,188,192]

Not mentioned 460

[4–7,10,11,13–15,17–20,23,24,26,29–38,43–
45,47–49,51–59,62–66,68,72–76,78–

80,82,83,86,88–91,94–99,103–106,108–
110,115,116,118,119,122–

130,132,134,138,139,141–146,148–151,154–
160,162,163,165,168–170,172,173,175,177,

179,181,182,184,185,190,193–203]

The location of each lesion was determined by radiological, endoscopic, or pathological
methods. Most of the lesions (473/592, 79.9%) were found on the right side unilaterally, and
specific ectopic endometrial lesions were encountered in 7.6% of the patients in the right
lower lobe (RLL) (36/473), in 9.5% of them in the right upper lobe (RUL) (45/473), and in
2.7% in the right middle lobe (RML) (13/473) when mentioned. The lesions, which were
only left-sided, were found in 7.9% of the patients (47/592). Lesions in the left upper lobe
(LUL), including the lingula, and in the left lower lobe (LLL), were found in 59.6% (28/47)
and in 34% (16/47) of patients, respectively. Bilateral lesions were found in 4.9% (29/592).
In four patients, the lesions were observed in the trachea [129–131,194], whereas in another
one, the location was not stated [109]. Extra-thoracic endometriosis was only detected in
47.8% of the cases (222/464). Tables 3 and 4 summarize the location of the lesions.

Table 3. Location of endometrial lesions in each lung of patients included in the systematic review.

Location Number of Cases (592) References

Right lung 473

[4–13,15–22,24–35,37–41,43–45,47–52,54–
70,73–87,89–110,114,116,118,120–132,137–

141,143,146–150,153,154,158–161,164–
167,169,172,174–177,179,181,182,185,188–

196,198–202]
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Table 3. Cont.

Location Number of Cases (592) References

Left lung 47
[4,12–14,23,57,72,88,90,111,116,117,133,134,

136,142,144,145,151,152,162,168,170,171,
173,178,180,187,189–192,194,197,200,204]

Bilateral 29 [13,36,42,46,47,57,71,82,88,90,107,109,115,
116,119,135,155–157,184,186,189,193,196]

Table 4. Location of endometrial lesions in each lobe of patients included in the systematic review.

Location Number of Cases (138) References

Right upper lobe 45
[10,13,16,17,42,63,65,81,85,108,128,131,

132,137–139,143,147,153,154,158,159,163–
166,169,177,188,192,196,201]

Right middle lobe 13 [130,147,149,157,160,165,174,176,179,188,
192,195]

Right lower lobe 36
[13,16,18,19,61,64,83,89,114,115,130,131,
140,141,146–150,156,157,165,172,175,181,

184,185,188,192,195,196,198]

Left upper lobe–Lingula 28 [13,14,23,117,131,136,142,151,152,157,168,
170,171,173,192,196,197]

Light lower lobe 16 [13,72,115,133,134,144,145,152,156,162,
173,178,180,184,187]

On the contrary, 52.2% (242/464) of patients did not show any signs of extra-thoracic
endometriosis, and in 21.5% of the total number of patients (127/592), no statement was
made in the article (Table 5). The diagnostic tool (transvaginal ultrasonography, MRI, or
exploratory laparoscopy) used to identify extra-thoracic endometriosis is not specified for
each case.

Table 5. Extra-thoracic endometriosis diagnosed in patients included in the systematic review.

Extra-thoracic
Endometriosis

Number of Cases
(592) References

Yes 222

[5–7,12,13,18,21,25,28,30–35,37,40–42,45–
48,55–57,59,61–66,69–75,77–

80,82,85,86,88,90,93,95,97–102,104–
107,109,110,114–116,118,121–

123,126,128,134,135,158,159,166,167,183,
185,189,190,192,199,200,202,204]

No 242

[3,4,9,13,20,22,23,31,32,35,38,39,43,54,57–
59,66,76,81–83,86,106,107,111,117,118,125,
129,130,132,136,138,140–145,147,152,155,
161,170,174,176,177,180,181,183,184,186,

187,189,190,192,194,196,198,199]

Not mentioned 127

[8,10,11,14,15,17,19,24,26,27,29,30,36,44,49–
53,60,67,68,84,87,89,91,92,94,96,103,108,112,

119,120,124,127,131,133,137,139,146,148–
151,153,154,156,157,160,162–

165,168,169,171–173,175,178,179,182,188,
191,193,195,197,200,201,203]

As far as gynecological history is concerned, almost the half of the patients that
mentioned their surgical history (53.5%, 212/396) had previously undergone gynecological
procedures, including abortions (13.2%, 28/212), diagnostic laparoscopies (23.7%, 50/211),
hysterectomies with or without oophorectomies (16.4%, 18/110), and cesarian sections
(8.5%, 18/211). Many patients (31.1%, 184/592) had no history of any gynecological surgery
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in the past, while for the rest, 33.3% (197/592) of the patients, there is no information about
their surgical history. Additional information is provided in Tables 6 and 7.

Table 6. Previous gynecological procedures of patients included in the systematic review.

Previous
Gynecological

Procedures
Number of Cases (592) References

Yes 212

[13,15,18,21,28,29,32,35,42,45,46,48,55,58,
59,61,63,64,66,70,72,73,78,82,83,86,90,93,95,

98,105,107,114–116,119,122,123,131,133–
136,138,142,144–159,161,164,166,169–

173,175,179–181,183,184,188,190–
192,194,195,197–200,203,204]

No 184
[3,9,24,32,35,39,40,52,59,82,86,87,89,90,104,

107,109,125,126,128,132,137,162,167,182,
183,187,188,190–192,194,195,199,200]

Not mentioned 197

[4–8,10–14,17,19,20,22,23,25–
27,30,31,33,34,36–38,41,43,44,47,49–

51,53,54,56,57,60,62,65–69,71,74–77,79–
81,84,85,88,91,92,94,96,97,99–103,106,108–
112,117,118,120,121,124,127,129,130,139–

141,143,160,163,165,168,174,176–
178,183,185,186,189,193,196,201,202]

Table 7. Type of main previous gynecological procedures of patients included in the systematic review.

Previous Gynecological
Procedure Number of Cases (211) References

Abortions 28
[15,55,64,115,133,138,142,144–

146,150,151,154,155,164,165,169,171–
173,179–181,184,194,195,197,198,203]

Dilatations and Curettages 44

[13,15,55,64,73,82,83,115,131,133,136,
138,142,144–147,150,151,154–

156,161,164,169–173,179–
181,184,195,197,198]

Cesarian sections 19 [13,29,66,73,107,135,136,144,152,153,
161,170,175,191,194,197]

Hysterectomy with/without
oophorectomy 18 [3,13,20,37,41,45,46,77,96,116,117,135,

136,148,149,192,200,204]
Diagnostic Laparotomy 11 [28,58,72,82,90,93,95,119,166,200,204]

Cystectomy 9 [35,42,48,59,66,123,148]
Myomectomy 5 [61,134,199]

Diagnostic Laparoscopy 50
[21,28,32,55,63,66,78,86,90,98,105,107,

114,122,142,157–
159,161,183,190,192,199]

The imaging methods used for diagnosis were chest X-ray, chest Computer Tomog-
raphy (CT), chest Magnetic Resonance Imaging (MRI), and bronchoscopy. Chest X-rays
were initially used in 189 out of 592 patients (31.9%). The most frequent finding in X-rays
was pneumothorax (38%, 72/189), followed by normal findings (20.1%, 38/189), pleural
effusion (13.8%, 26/189), consolidation (12.2%, 23/189), and nodules (9%, 17/189). Chest
CT scans were most frequently conducted upon clinical symptomatology and at the be-
ginning of the menstrual cycle (32.9%, 195/592). Ground-glass opacities (GGOs) were
the most common radiological findings (21.5%, 42/195). Nodules and consolidation were
found in 17.9% (35/195) and 10.8% (21/195), respectively. Cystic lesions including cavitary
lesions and bullae were found in 15.4% (30/195). Pneumothorax was not so frequently
encountered (10.3%, 20/195). Other rare findings included peribronchial infiltrates (2.1%,
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4/195), normal findings (5.6%, 11/195), and ring-shaped lesions in only one patient. An
absence of pathological findings and disappearance or reduction in the size of the lesions
was frequently found in the middle of the menses. MRI and Positron Emission Tomography
(PET) were only used in 14 (2.4%) [4–6,72–79,110,132,133] and 4 (0.7%) [7,134,135,186] cases,
respectively, in order to confirm the exact position and nature of the lesions. Furthermore,
bronchoscopies during symptoms were used for diagnosis in 66 out of 592 cases (11.1%).
Hemorrhage or hyperemia was observed in 40.9% (27/66) of cases, whereas normal find-
ings were noticed in 42.4% (28/66). Macroscopic lesions were noticed in 11 cases (16.7%),
which constituted endobronchial endometriosis. The bronchoscopical lesions disappeared
or diminished in size in 14 cases [136–140,187,194,195]. Finally, bronchial angiography was
used in five cases (0.8%) in order to detect the site of the hemorrhage [109,111,130,141,142].
The main radiological findings are reported in Tables 8–10.

Table 8. Chest X-ray findings of patients with pulmonary endometriosis included in the systematic review.

Chest X-Ray Findings Number of Cases (189) References

Pneumothorax 72
[5–8,10,13–15,17,18,20–23,25–29,32,33,36–

40,43,46–48,50–52,54–56,59–66,68–
70,72,92,118]

Nodules 17 [13,33,37,44,61,75,89,119,133,134,155,175,
184–186]

Consolidation 23 [13,37,63,75,89,109,115,123,130,133,134,143,
145,148,151,155,170,175,185,197]

Pleural effusion 26 [3,7,42,47,64,87,91,92,94–
99,102,103,109,110,119,120,124–128,202]

Hydropneumothorax 10 [46,47,76,88,100,110,119,122,124,127]
Hemothorax 1 [77]
Atelectasis 2 [70,109]

No pathological findings 38
[73,83–85,93,132,135–141,144,146,147,151,

153,154,159,161,162,165,172–
174,176,180,181,192,194]

Table 9. Chest computed tomography findings of patients with pulmonary endometriosis included
in the systematic review.

Chest CT 1 Findings Number of Cases (195) References

Cystic lesions
(Bullae–Cavities) 30

[12,14,15,18,19,23,37,71,101,108,109,114,
127,134,135,137,146,151,154,156,158,159,

161,163,165,175,179,187,192,196]

Pneumothorax 20 [5,8,9,11,16–
19,21,28,33,37,41,43,48,65,69,70,72,106]

Ground-glass opacities 42 [19,85,89,109,135,140,142,143,147,150,152–
154,156,158,162–166,174–179,192,195]

Ring-shaped lesions 1 [115]

Nodules 35
[6,18,19,32,33,35,37,46,67,84,89,101,106,111,

117,132,133,137,146,151,154,156,158,159,
166,175,179,184–186,188,192,195]

Peribronchial infiltrates 4 [130,148,152,194]

Consolidation 21 [4,13,37,81,93,109,115,130,138,144,145,151,
157,160,172,173,181,188,195,197,198]

Pleural effusion 22
[7,45,64,80,87,91,93,97–

99,103,109,110,120,123,126–
128,167,182,202,203]

Hydropneumothorax 7 [39,64,88,100,122,125,127]
Hemothorax 2 [17,77]

No pathological findings 11 [21,50,63,73,74,76,135,139,162,170,194]
1 CT: Computed tomography.
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Table 10. Bronchoscopical findings of patients with pulmonary endometriosis included in the
systematic review.

Bronchoscopical Findings Number of Cases (66) References

Macroscopic (endometrial)
lesions 11 [4,111,117,129,130,134,136,137,

152,194,198]

Hemorrhage–Hyperemia 27
[10,19,83,84,89,114,129,131,

138–145,150,151,156,163–165,
172,174,177,180,187,195,197]

No pathological findings 28
[12,19,71,77,79,80,85,131,132,
142,144,146,147,159,168,170–

173,193–195,203,205]

Diagnosis of endometriosis was either clinical or pathological. In total, 24.3% (144/592)
of cases were histopathologically diagnosed by the presence of endometrial cells or glands.
Another pathological finding was the simultaneous presence of endometrial glands, stroma,
and hemosiderin-laden macrophages, which occurred in 61 cases (10.3%). Antibodies
against CD-10, estrogen, or progesterone receptors were used effectively to diagnose
pulmonary endometriosis in 84 cases (14.2%). The pathologist’s confirmation was derived
from specimens obtained after surgery or bronchoscopy. Histopathological confirmation
was derived by the use of bronchoscopy, by the use of bronchial washing or lavage, in
six cases (1%). The rest of the patients had a clinical diagnosis. Table 11 summarizes the
aforementioned findings.

Table 11. Histopathological findings of patients with pulmonary endometriosis included in the
systematic review.

Histopathological
Findings

Number of
Cases (295) References

Endometrial cells or
glands 144

[7–10,13,14,17,18,20–22,25,29,32,33,35,42–
47,50–52,56,57,59,62,64–66,68,70,72–74,77–

81,83,84,86,88,89,91,95,97–
104,106,112,113,115,119,123,125–
127,130,131,133–135,137,138,143–

145,147,148,150,151,153,155–
157,160,162,164,165,167,168,170–172,175–

177,181,182,184,187,191–194,196–201,205–207]
Endometrial cells through

washing or lavage 6 [130,140,145,152,177,194]

Glands, stroma, and
hemosiderin-laden

macrophages
61

[13,16,19,48,111,114,116,128,133,134,148–
150,153–155,157,160,163,165,169,171,173–

175,178,189,192,193,195,197–199]

ER 1, PR 2, CD-10 3 84
[17,21,29,33,34,52,83,86,102,112,113,123,127,
131,145,148,163,165,170,172,185,189,196,198,

200,206–208]
1 ER: Estrogen receptor; 2 PR: progesterone receptor; 3 CD: cluster of differentiation.

The remaining cases (42.9%, 254/592) were diagnosed based on their clinical presenta-
tion with the assistance of radiographic techniques, as mentioned above. The correlation of
the radiographic findings with the menses of women aids in the diagnosis of TES.

Thoracic surgical treatment was performed in 276 cases (46.6%). In total, 79.3% (219/276)
of these operations were supported by video-assisted thoracoscopy (VATS), while in three
cases robotic-assisted thoracoscopy (RATS) was performed. In the majority of cases, lobec-
tomies, segmentectomies, and wedge resections were performed. In 34.4% (95/276), sur-
geons performed thoracotomies, whereas pleurectomy was performed in 38 patients. In
10 cases, the patients also underwent hysterectomy and bilateral oophorectomy (3.6%), and
in thirty-nine cases (14.1%) diagnostic laparoscopy was performed.
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Out of a total of 220 patients who received hormonal therapy in combination with
the surgical treatment (40.1%), fifty-nine experienced at least one episode of recurrence
(26.8%). Patients who received only hormonal therapy (45/549) had a recurrency stated
at 33.3% (15/45). Nine patients reported symptoms during hormonal therapy [4,8,9,80–
82,135,142,143]. Women experienced recurrence after cessation of the drugs as a result
of side effects or a desire for pregnancy in 14 cases [12,27,38,39,44,51–55,142,147,153,196].
The drugs administered to the women as monotherapy or supplementary to the surgical
treatment were androgens (41/283, 14.5%), progestins (41/283, 14.5%), gonadotropin-
releasing hormones (GnRH), analogues (98/283, 34.6%), and contraceptives (44/283, 15.5%).
Fourteen patients did not receive any treatment, whereas in eight case reports the treatment
was not mentioned [116,134,168,193].

Minimally invasive techniques were used in nine cases, including three cases of
endobronchial laser use, five cases of bronchial artery embolization, and one case of
endometrial lesion cryoablation. Three out of five patients treated with bronchial artery
embolization had a recurrence, and one out of three patients who underwent endobronchial
laser use recurrences. The patient treated with cryoablation showed no recurrence [196].
Fourteen patients initially underwent conservative treatment [87,88,137,144–147,186,188].
Eight of them (57.1%) [145,147,188] presented with symptom recurrences and were treated
either hormonally [188] or surgically [188], or spontaneously recovered [145,147].

Information on all therapeutic strategies is shown in Tables 12 and 13.

Table 12. Therapeutic approach of patients with pulmonary endometriosis included in the system-
atic review.

Therapeutic Approach Number of Cases
(592) References

Surgical treatment 276

Thoracotomy 95

[9,11,27,29,33,35,43,45,50,51,53,62,69,70,72–
74,77,83,88,92,93,96,98,99,101,119,121,133–

135,137,140,145,147,153,156,157,159–
162,165,166,168,170,172,173,176,177,179–

181,184,189,192,197,198,200,208]

Pleurectomy 38 [17,20,31,43,48,51,60,93,100,101,117,153,
159,164,166,190,197]

Hysterectomy
with/without
oophorectomy

10 [20,46,77,90,95,109,128]

Laparoscopy 39 [35,73,74,78,90,104,105,126,183,185,202]
Laparotomy 7 [20,41,77,102,109,121,128]

Minimally invasive
techniques 231

Bronchial artery
embolization 5 [89,168,189]

Endobronchial laser 3 [111,129,152]
Cryoablation 1 [196]

VATS 1 219

[9,11,12,14,16,18,21–23,25,27,28,30–34,36–
38,40,43,45,48–51,53,55,57,61,64–

67,70,72,76,77,90,91,96,99,101,105–
110,114,116,118,122–125,127,131–133,138,

143,153,154,156,161,163,165,167,173–
176,178,179,182,184,187–192,195,200,201]

RATS 2 3 [7,63,79]
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Table 12. Cont.

Therapeutic Approach Number of Cases
(592) References

Hormonal treatment 63

Androgens 41 [15,47,62,81–83,111,118,119,127,130,136,
144,148,151,170,172,180,194]

Progestins 41
[4,5,11,14,16,17,23–26,28,32,58,73,75,78,92,

93,97,104,112,119,124–
128,153,159,164,169,174,185,192]

GnRH 3 analogues 98

[6,9,11,20–22,25,26,29–31,46,49,51–
53,56,58,59,63,65,69,71,74,78,92,93,95,96,99–

102,105,107,109,117,119,124,128,136–
138,142,148,150,151,153,154,158,160,161,
163,165,168,170,173,184,190,192,195,197,

198,207]
Combined oral
contraceptives 44 [8,16,39,75,106–

108,136,147,150,158,168,177,188,199]

Surgical + Hormonal
treatment 220

[4–6,8,9,11,14–18,20–26,28–
32,35,44,46,47,49,51–

53,56,58,59,61,63,65,69–71,73–78,91–93,95–
102,104–107,109,112,113,117–120,124–

128,130,132,134–
138,142,148,150,151,153,154,157–

162,164,165,167–169,173,174,182,184,185,
190,192,194,195,197–199,205–208]

None 14 [87,88,137,144–147,186,188]

Not mentioned 8 [116,134,168,193]
1 VATS: Video-assisted thoracoscopy; 2 RATS: Robotic-assisted thoracoscopy; 3 GnRH: Gonadotropin-releasing
hormones.

Table 13. Recurrency after different therapeutic approaches in patients with pulmonary endometriosis
included in the systematic review.

Therapeutic Approach Number of Cases References

Surgical treatment 4
Minimally invasive

techniques
Bronchial artery

embolization 3 [168]

Endobronchial laser 1 [111]

Hormonal treatment 16 [4,8,9,81,82,141–143,148,151,188,192]

Surgical + Hormonal
treatment 40 [11,23,30–32,38,40,49,55,57,63,67,69,73,82,

86,106,111,167,182,192,199,200]

Not mentioned 43

[6,13,19,21,24,28,36,41,48,51,53,59,66,74,87,
88,92,94,100,105,107,115,116,124,126,131,
134,146,147,149,158,162,168,173,178,186,

193,196,202]

4. Discussion

Lung endometriosis predominantly affects women between the ages of 20 and 40. In
the current systematic review, 202 studies involving 592 patients were included. All the
women were of reproductive age, except for two women aged 74 years old, who were
receiving exogenous hormones for osteoporosis, and a woman of 51 years old, who was on
hormonal treatment due to a past history of breast cancer [13,14]. Two of the patients were
pregnant during the diagnosis and the presentation of symptoms of TES [15,112].
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The most common symptom by far is catamenial pneumothorax. The symptoms
most related to pneumothorax are considered to be catamenial chest pain and dyspnea.
Two possible mechanisms seem to be responsible for the development of pneumothorax
in lung endometriosis: the rupture of intra-pulmonary blebs, and alveolar damage due
to the check-valve mechanism derived from intrabronchial endometriosis or bronchiolar
constriction, following excessive production of prostaglandin [208].

Another frequent clinical presentation of TES is catamenial hemoptysis. The cause of
hemorrhage is probably an endometriotic implant, either inside a large bronchus or in the
lung parenchyma [148]. It is worth mentioning that no massive hemoptysis was reported
in any case. The severity of hemoptysis is probably influenced by the biological activity
and size of the lesion [188]. However, there is little knowledge on this issue.

As far as the location is concerned, the majority of the implants are right-sided. This
may support the theory of the transabdominal–transdiaphragmatic migration of endome-
trial cells through the right paracolic gutter. This theory requires the existence of passage in
the diaphragm between the abdomen and the thorax [205]. Thus, this theory might explain
the development of pleural, but not lung, endometriosis [16,17]. In addition, the lower lobes
of the lungs seem to be more affected, which supports the theory of microembolization as
the pathophysiologic mechanism of lung endometriosis [89,188,206]. Small endometrial
tissues cause microemboli in the lung capillaries [149]. This happens as larger quantities of
blood circulate in the lower lobes than in the upper ones [89,188].

Previous gynecological procedures might represent a risk factor for the development
of this disease [113,150,188]. The most frequent operations were abortions, hysterectomies,
and diagnostic laparoscopies. This can occur as a result of the lymphogenic or hemato-
genic migration of endometrial cells to the pulmonary parenchyma [150]. We should
also highlight that the existence of pulmonary endometriosis is not always associated
with abdominal or pelvic endometriosis. However, this does not mean that patients with
pulmonary endometriosis should not be checked for other endometrial sites.

Most pathological findings reported endometrial glands, stroma, and hemosideren-
laden macrophages. The use of other methods, including immunohistochemistry and
anti-estrogen/progesterone receptor antibodies, can be helpful for diagnosis in the case
of insufficient endometrial samples. Pseudoinfiltrative patterns without cytologic atypia
or microscopic foci inside the bronchovascular bundles with signs of hemorrhage can be
found in parenchymal lesions [13]. Endometrial cells can also be found after bronchial
washing through bronchoscopy.

A range of diagnostic tests can aid in the differential diagnosis of TES. Beneficial tools
include chest radiographs (CXR), CT scans, MRI, and bronchoscopy. The first radiologic
examination was usually a chest X-ray. The most common finding in chest X-rays was
pneumothorax, followed by consolidation probably due to hemorrhage and lung nodules.
Pneumothorax was usually associated with chest pain and dyspnea. Chest CT was the
most helpful imaging method for the location of lesions. The radiological findings included
ground-glass opacities, consolidation due to hemorrhage, lung nodules, cystic lesions, and
pneumothorax. The disappearance of CT lesions during the menstrual cycle favours tho-
racic endometriosis. MRI was used successfully in order to identify the exact location of the
endometrial lesions. Bronchoscopy is not a suitable procedure for distal lesions, although
it can reveal sites of hemorrhage [83,132,148,151]. Visible intrabronchial endometrial sites
are reported in few cases, including purplish-red or brown submucosal patches in the
airways [130,136,152,194]. Even though bronchoscopy cannot histologically confirm the
diagnosis, the disappearance of the previous findings in bronchoscopies occurring in the
middle of the menses should raise suspicion of endometriosis [140,142,187,195]. Finally,
angiography was used in certain cases in order to confirm the exact site of hemorrhag-
ing [109,111,130,141]. The typical findings were prominent vasculature and vascular stains
in the absence of endometriosis-characteristic features [109].

The treatment of thoracic endometriosis includes several approaches. Surgical resec-
tion can be either used as first-line or second-line treatment after failure or adverse effects
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of hormone administration [141]. Video-assisted thoracoscopy and surgery are currently
mostly used for the resection of endometrial lesions [18,72,114,153,154]. These include
wedge resections and lobectomies. Exploratory thoracotomies and open surgeries can
occur when VATS is not effective [19,197]. Surgeries can vary from parenchymal spar-
ing to lobectomies [141,148]. Chest-tube placement is used in cases with life-threatening
pneumothorax [17]. Minimally invasive, non-pharmacological treatments with satisfactory
clinical outcomes are also reported in the literature. These include bronchoscopical ND-
YAG laser treatment and cryoablation through CT guidance [89,152,196]. Bronchial artery
embolization failed to treat the patient permanently [89]. The most effective treatment is
hysterectomy with bilateral salpigo-oophorectomy [111,134,155]. However, this therapeutic
approach should be limited in certain cases due to the multiple side effects of artificial
menopause. However, there is a chance of recurrence if hormonal replacement treatment is
administrated or partial oophorectomy has been conducted [3,13,148].

Hormone treatment has been used for the management of thoracic endometriosis.
The aim of these drugs is to block the ovarian stimulation of the ectopic endometrial
tissue [208]. Drugs including oral contraceptives, GnRH agonists, progestin analogs, and
androgens have been effectively used for this purpose, as mentioned above. To date, no
specific superiority of one drug over the others has been demonstrated, neither in terms
of efficacy nor side effects. The drugs mostly used are GnRH analogues and combined
oral contraceptives. GnRH agonists cause hypogonadotropic hypogonadism, since they
reduce luteinizing and follicle-stimulating hormone [113]. Their side effects are a result
of low levels of estrogen and progesterone. Oral combined contraceptives inhibit the
secretion of GnRH, follicle-stimulating hormone (FSH), and luteinizing hormone [LH].
An androgen frequently used, danazol, leads to anovulation through an increase in blood
testosterone and an inhibition of steroidogenesis, but might cause androgenetic side effects
or liver damage [207]. Progestins influence the release of GnRH, leading to a decrease
in the secretion of FSH and LH [209]. Hypoestrogenism causes the atrophy of ectopic
endometrium. The most common side effects are weight gain, hypertension, uterine
bleeding, depression, and breast tenderness [141,154,198]. However, hormonal therapy
alone seems to be associated with a greater number of recurrences than surgical approaches,
based on the data collected by the case reports and the series included in this systematic
review. The recurrences are a result of the cessation of the drug due to side effects, and
usually do not occur during administration periods [73,84,130,140,141,148,151]. In some
cases, a more aggressive approach has been implemented, with both surgical and hormonal
treatments (pro- or neo-adjuvant), in order to prevent recurrences and offer the best clinical
outcome [18,114,154].

The administration of hormonal drugs renders pregnancy impossible and is associated
with various side effects, as mentioned above [141]. Surgery can also have a variety of
complications. Furthermore, some support that ectopic endometrial cells do not surely
show similar behaviour to normal endometrial tissue towards hormonal influence [147]. No
report for massive hemoptysis has ever been published. Thus, conservative treatment has
been used as therapeutic approach in this disease. It has been demonstrated that women
with mild symptoms show no recurrence of their symptoms without any therapeutic
intervention [137,144]. Conservative treatment and follow-up can be a therapeutic approach
for these women [147,188]. The ESHRE guidelines recommend the proposal of hormonal
treatment in these cases, but if surgery is indicated, the involvement of a thoracic surgeon
and/or other relevant specialists is suggested [2].

This review has some limitations: Articles in non-English languages were not included
in this study. The use of case series and case reports provides knowledge about this disease.
However, these articles do not share many common data points that can be used to extract
safe conclusions concerning incidence or cause–effect. Finally, the follow-up periods are
short in many studies.
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5. Conclusions

It is obvious that pulmonary endometriosis is more frequent than thought. Its main
clinical characteristic is catamenial hemoptysis, which coincides with the menstrual cycle of
the woman. The radiological disappearance of the lesion in the middle of the woman’s cycle
is another important point to mention. However, no specific guidelines exist concerning the
diagnosis and therapeutic management of these patients. Thus, its prompt management
requires a high level of clinical expertise and a multi-disciplinary approach. Finally, it
is of paramount importance to create an international registry of patients with clear and
common data points, in order to facilitate data extraction and acquire better knowledge of
the disease.
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