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 Abstract

Primary pulmonary meningiomas (PPMs) are a rare type of meningioma that arises primarily in the lungs, 
outside the dura mater of the central nervous system. The majority of PPMs are benign and present as as-
ymptomatic solitary pulmonary nodules incidentally diagnosed on imaging. A 32-year-old male presented 
to the hospital after a motor vehicle accident resulting in multiple injuries, including right apical pneumo-
thorax, and underwent right upper lobe wedge resection. Surgical pathology of the VATS specimen revealed 
a 2 mm irregular nodule with morphologic and immunohistochemical features favoring a meningothelial 
nodule. CT of the head and the entire spine did not show any primary brain or spinal meningioma, and a 
diagnosis of PPM was made. Unlike most cases that are diagnosed incidentally on imaging, the PPM in our 
case was first noted only on the pathology specimen and found to be excised entirely on the biopsy speci-
men. When an isolated pulmonary nodule is seen incidentally on imaging or lung biopsy, primary pulmo-
nary meningioma (PPM) should be considered as a differential. CNS imaging with CT or MRI is needed to 
confirm an isolated extracranial presence of PPM as opposed to a metastatic primary CNS meningioma. 
Only pathology can differentiate between a benign vs malignant PPM.
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Introduction

 Meningiomas are the most common type of primary brain tumor [1]. However, primary ectopic 
meningiomas, defined as meningiomas arising outside of the dura, are uncommon, with incidence ranging 
from 0.9% to 2% of all meningiomas [2]. Among them, primary pulmonary meningiomas are sporadic, with 
the majority presenting as an asymptomatic solitary pulmonary nodule, usually incidentally diagnosed on 
imaging. We report a rare case of primary pulmonary meningioma (PPM) diagnosed incidentally on video-
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assisted thoracic surgery (VATS) lung specimen biopsy in a trauma patient, which was not visualized in 
imaging studies.

Case Presentation

 We present a case of a 32-year-old male who presented to the hospital after a motor vehicle accident 
resulting in multiple facial bone fractures, displaced right third and fourth lateral rib fractures, right lung 
contusion, right apical pneumothorax, and hemothorax (Figure 1). The patient underwent multiple surge-
ries, which included right 4th rib open reduction and internal fixation (ORIF), VATS with right upper lobe 
wedge resection, mechanical pleurodesis, and chest tube placement. Surgical pathology of the VATS spe-
cimen revealed a 2 mm irregular nodule with morphologic and immunohistochemical features favoring a 
meningothelial nodule (Figures 2 and 3). The immunohistochemical stain was positive for vimentin (Figure 
4) and epithelial membrane antigen (EMA) and negative for CD56, progesterone receptor, and cytokeratin. 
A diagnosis of benign pulmonary meningioma was made. The lesion appeared to be excised entirely on the 
biopsy specimen. Interestingly, this lung nodule was not visualized on any prior chest X-ray or computed 
tomography (CT) of the chest and was first noted only on the pathology specimen. CT of the head (Figure 
5) and the entire spine did not show any primary brain or spinal meningioma, enabling the diagnosis of 
primary pulmonary meningioma.

 
 
Figure 1: CT chest showing right lung pneumothorax, he-
mothorax, and subcutaneous emphysema. 

Figures 2 and 3: Pathological examination with hematoxylin and eosin stain showing spindle-shaped cells in whorls and bundles 
supporting the diagnosis of pulmonary meningioma at 10X (Figure 2) and 20X (Figure 3). 
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Figure 4: Immunohistochemical examination showing 
tumor cells stained positive for vimentin. 

 
 
Figure 5: CT head without evidence of dural lesion/me-
ningioma in the brain, confirming that the pulmonary 
meningioma is ectopic and arising primarily in the lungs.

Discussion

 Primary pulmonary meningioma is a rare tumor entity, with the first case being reported by Kem-
nitz et al. in 1982 [3]. Since then, 67 cases of PPMs have been reported between 1982 and 2021, of which 
five were identified as malignant meningiomas [4]. These tumors may affect all age groups ranging from 18 
to 108 years [5], with slightly higher occurrence in females [6]. Several hypotheses have been proposed to 
explain the origin of primary pulmonary meningiomas. Per one hypothesis, PPMs can arise from the pro-
liferation of arachnoid cells that were misplaced during embryogenesis [7]. Another plausible explanation 
involves their origin from pluripotent sub-pleural mesenchymal cells or minute pulmonary meningothe-
lial-like nodules (MPMNs) [6]. MPMNs stain positive for vimentin, epithelial membrane antigen (EMA), 
progesterone, and CD56, similar to PPMs [8,9]. In our case, immunohistochemistry was positive for vimen-
tin and EMA, although negative for progesterone receptors. 

 Most PPMs present as asymptomatic nodules, incidentally found on imaging. However, some may 
present with pulmonary symptoms such as hemoptysis [10], cough, shortness of breath, or non-speci-
fic symptoms. PPMs commonly appear as single, spherical, well-defined nodules on chest CT, with sizes 
varying from 0.6 cm to 6 cm [11,12]. Sometimes, unusual features such as lobulations, calcifications, or 
ground-glass opacities can be seen [4]. The contrast enhancement pattern also varies, with several PPMs 
showing uniform enhancement [13]. Most PPMs show high uptake on standard F18-fluorodeoxyglucose 
(18F-FDG) computed tomography–positron emission tomography (CT–PET); however, low uptake has also 
been noted [14]. Hence, due to vast variability, CT contrast or FDG uptake may not help differentiate mali-
gnant vs. benign PPM. Unlike the vast majority of these cases, no lesion was seen on the CT scan in our case, 
which could be attributed to the small size of 2 mm or a difficult-to-visualize nodule location.  
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 PPMs typically appear as spindle- or ovoid-shaped cells grouped in lobules or a whorl arrangement 
on histological exam [15]. Features more likely seen in malignant meningiomas include increased nuclear 
atypia, mitoses, necrosis, and increased Ki-67 proliferation index [14]. As in our case, most tumors stain 
positive for vimentin and EMA. Unlike our case, positive staining for CD56 and progesterone has also been 
noted in some PPM cases, which could mean similar precursor cells as MPMNs [8]. Cytokeratin, desmin, 
and CD34 are usually negative. 

 When a meningioma is discovered in the lungs, it is crucial to differentiate between metastatic pri-
mary CNS meningioma and primary ectopic meningioma. Most primary CNS meningiomas do not metasta-
size. However, more than 60% go to the lungs when they do metastasize [16]. Some risk factors for distant 
metastasis of CNS meningioma include recurrence of primary tumor, venous sinus invasion, non-skull base 
location, and high grade on histology [17]. Per WHO 2021 grading system, CNS meningiomas can be graded 
as Grade I (benign), Grade II (atypical), and Grade III (malignant or anaplastic), with higher grades (II and 
III) associated with risk of metastasis [18,19]. In a retrospective analysis of eight primary ectopic and five 
metastatic meningiomas, metastatic lesions were more associated with nuclear atypia, necrosis, and mi-
toses [20]. Both PPM and metastatic meningioma to the lungs can have similar microscopic findings; hence, 
a histologic diagnosis of pulmonary meningioma, as in our case, is inadequate to differentiate between the 
two entities [15,21]. Hence, CNS imaging to rule out intracranial or spinal tumors is crucial for this distinc-
tion, with MRI being preferred over CT scan [9,21,22]. Our patient underwent a CT head, which did not 
show evidence of CNS meningioma, hence confirming the diagnosis of PPM.

 Primary ectopic meningiomas can be benign PPM or malignant PPM. Features more likely seen in 
malignant meningiomas include increased nuclear atypia, mitoses, necrosis, and increased Ki-67 proli-
feration index [4]. The mainstay of treatment for PPMs is surgical resection, with lobectomy for central 
lesions and wedge resection preferred for minor peripheral nodules [6]. Overall prognosis is good, without 
recurrence or metastasis, especially in benign lesions [6]. However, recurrence has been noted in malignant 
PPMs [5,23]. In our case, PPM was diagnosed incidentally after the VATS lung resection specimen was his-
tologically examined and appeared to be excised entirely on pathology. There are no formal guidelines for 
the management and surveillance of PPM, as it is rare. As per the tumor board discussion, repeat CT chest 
imaging in one year is planned for our patient to assess for recurrence. Given the dearth of clinical data 
available, summarizing any and all clinical presentations and management of this unique diagnosis will 
pave the way for better recognition of this sporadic tumor.
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