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Abstract The aim of this review was to present the main

aspects of pleural diseases seen with conventional and

advanced magnetic resonance imaging (MRI) techniques.

This modality is considered to be the gold standard for the

evaluation of the pleural interface, characterization of

complex pleural effusion, and identification of exudate and

hemorrhage, as well as in the analysis of superior sulcus

tumors, as it enables more accurate staging. The indication

for MRI of the thorax in the identification of these condi-

tions is increasing in comparison to computerized tomog-

raphy, and it can also be used to support the diagnosis of

pulmonary illnesses. This literature review describes the

morphological and functional aspects of the main benign

and malignant pleural diseases assessed with MRI,

including mesothelioma, metastasis, lymphoma, fibroma,

lipoma, endometriosis, asbestos-related pleural disease,

empyema, textiloma, and splenosis.

Keywords Pleural diseases � Magnetic resonance
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Introduction

Imaging investigation of pleural diseases plays a crucial

role in decision making regarding therapeutic approaches

and prognostic implications resulting from early detection.

Magnetic resonance imaging (MRI) of the chest is a non-

invasive and nonionizing [1] method that enables the

detection of benign and malignant pleural conditions,

ranging from pleural effusions to solid tumors, with great

accuracy. MRI is superior to ultrasound for the detection

and characterization of pleural effusions; it is also superior

to computerized tomography (CT), particularly for the

characterization of complex pleural effusions (with better

visualization of septa in loculated effusions) and the

identification of hemorrhage (with increased signal inten-

sity of hemorrhage foci on T1–weighted imaging [WI]).

MRI provides more spatial resolution than CT in soft-tissue

analysis, which enables better characterization of the

pleura–chest wall interface, as well as the study of the great

heart vessels, heart, diaphragm, and other critical structures

that might be involved. It enables evaluation of the

resectability of tumors that have invaded the pleura [2].

The greater sensitivity of MRI with paramagnetic contrast

(gadolinium) compared to CT contributes markedly to the

superiority of this modality [3, 4].

Initial evaluation with conventional MRI sequences

involves the structural characterization of a lesion with T1–

WI. These images accurately show anatomical details such

as dissociation between the pleural space and expleural fat.

T2–WI enables distinction between pleural thickening and

nodules on the surface, the detection of leakage, and

delineation of tumor margins. Administration of gadolin-

ium following T1–WI enhances the contrast between tis-

sues, increasing the conspicuity of lesional limits and

healthy tissue. Some authors have emphasized the
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importance of short-tau inversion recovery sequences for

the assessment of secondary bone involvement; in these

sequences, for example, the low normal signal of the bone

marrow is seen as a liquid signal, and cortex line projection

secondary to erosion is impaired [2].

Diffusion-weighted sequences and dynamic contrast-en-

hanced studies (DCSs) enable examination not only of

structural damage of the pleura, but also functional impair-

ment [1]. Diffusion-weighted imaging (DWI) is a technique

based on the evaluation of Brownian motion of water

molecules in the tissue, which can be quantified by the

apparent diffusion coefficient (ADC) [5]. Movement is

random under normal conditions, but it can be altered and

reduced in tissue environments with high cellularity or high

protein content, which restrict diffusion to water molecules.

DCSs provide information on perfusion nuances

according to pre-set times that include the arrival and

clearance of tissue contrast, expressed in a dynamic curve

[2, 6–9]. Coolen et al. [1] recently demonstrated that the

combined use of DWI and DCS optimizes the detection of

malignancy, as DCS increased accuracy from 87.1 to

93.5 % when DWI results were indeterminate.

This state-of-the-art review describes the main clinical

applications of MRI of the chest for pleural diseases. The

main imaging findings are discussed, with a focus on the

characterization of pleural asbestos-related disease, pleural

effusion, empyema, and benign neoplasms and malignan-

cies (primary, such as mesothelioma, and secondary, such

as direct extension or implants).

Anatomy and Fundamental Pleural Lesions

Pleura is a double membrane composed of mesothelial

cells and connective tissue, divided into visceral and

parietal, with the latter classified as cervical, mediastinal,

costal, and diaphragmatic [10]. An understanding of the

topography of the parietal pleura is fundamental for the

characterization of diseases, as merely reactive pleural

inflammation rarely affects the mediastinal portion [3].

Under normal conditions, a small amount (B5 mL) of

sterile liquid is present between the two pleural leaflets,

giving the tissue a tensoadhesive property. Pleural thick-

ness ranges from 2 to 4 mm and is homogenous along the

surface, except in the apical region, where it has a slightly

irregular aspect at the interface with the lung, which has no

appreciable clinical significance. Thus, pleural thicken-

ing—continuous or nodular, focal or diffuse, with or

without calcification—is the main finding with a high

impact on differential diagnosis. Importantly, the insinua-

tion of the parietal pleura in the mediastinum is contiguous

with the mediastinal structures, which facilitates the direct

extension of expansive processes arising from the pleura

and vice versa.

Malignant Disorders

Malignant pleural diseases include malignant mesothe-

lioma and metastasis. Malignant changes tend to exhibit

higher signal intensity on T2–WI and more intense

enhancement by gadolinium on T1–WI, compared to the

adjacent intercostal muscles [3]. The main morphological

and functional imaging aspects of these conditions will be

discussed separately.

Malignant Mesothelioma

Mesothelioma is a neoplasia derived from mesothelial cells

of the peritoneum, pericardium, tunica vaginalis, or pleura.

Pleural mesothelioma is the most common form; it

accounts for 75 % of cases and is prevalent in the sixth and

seventh decades of life [11]. Mesothelioma is commonly

associated with exposure to asbestos, with an approximate

latency of 35–40 years, but is also related to radiotherapy,

tuberculosis, and chronic empyema.

Imaging evaluation is crucial for the detection, charac-

terization, and monitoring of this disease. Its radiological

characterization is guided by the pattern of tumor growth,

with lobed, circumferential, or concentric pleural thicken-

ing, which is usually unilateral. Although CT shows gen-

eral features that suggest the diagnosis, MRI of the thorax

enables superior visualization of anatomical details, due

mainly to a higher signal-to-noise ratio, allowing the

identification of tumor extension at the transdiaphragmatic

level through the chest wall and distinction from con-

comitant pleural effusion, especially the laminar type

(Fig. 1) [11]. Mesothelioma shows intermediate signal

intensity on T1–WI, high or moderately high intensity on

T2–WI, and moderate enhancement by gadolinium. The

use of DWI supports the diagnosis by enabling visualiza-

tion of the ‘‘pointillism signal’’, representing multiple

hyperintense pleural foci and appearing when high ([800)

b values are used [1]; this signal has a high predictive value

for malignancy and is more relevant than circumferential

pleural thickening. According to Gill et al. [2], DWI and

ADC mapping enable the differentiation of certain

mesothelioma subtypes, such as epithelioid and sarcoid; the

first subtype is characterized by higher ADC map values

than the second subtype, reflecting less restriction of water

diffusion.

Metastasis

Metastatic involvement of the pleura comprises mainly the

direct extension of bronchogenic carcinoma, followed by

implantation from breast cancer and lymphoma involving

the ovary or stomach [10]. Undabeitia et al. [12] recently

reported a case of glioblastoma multiforme with extraneural

502 Lung (2016) 194:501–509

123



spread involving the pleura; pleural fluid analysis yielded

positive results for glioblastoma multiforme metastasis. The

morphostructural aspect of metastasis consists of nodular

pleural thickening, which is usually discontinuous along the

pleural surface and may also involve the mediastinal pleura;

this aspect is common in malignant pleural disease and

pleural tuberculosis. TheMRI signs of metastasis are related

directly to the characteristics of the primary tumor, which

tends to have variable signal intensity on T1– and T2–WI

(Fig. 2) [2]. As the ADC of the primary tumor is known, this

value can be used as a potential marker to identify metastasis

[2].

Lymphoma

Hodgkin and non-Hodgkin lymphoma can involve the

pleura, resulting in primary or secondary pleural disease

[10]. Primary disease is rare, accounting for\0.5 % of all

non-Hodgkin lymphoma cases and around 2.5 % of pri-

mary chest wall tumors, and it may be a consequence of a

chronic complicating pleural effusion [13–15]. Secondary

pleural lymphoma is very common, occurring in almost

20 % of patients with lymphoma; it may be a result of

lymphomatous involvement of the visceral or parietal

pleura [13].

In cases of lymphoma, CT and MRI show pleural

effusion, pleural nodules, and focal or diffuse and non-

circumferential pleural thickening, with homogenous low-

contrast enhancement. Multistation adenopathy and mar-

row involvement are also seen [10]. MRI features include

pleural involvement with low signal intensity on T1– and

T2–WI, as well as significant restriction of water diffusion

in functional analysis. An ADC value of approximately

1.23 9 10-3 mm2/s may serve as a cut-off value for

characterization of these tumors [2].

Benign Disorders

Benign diseases of the pleura include primary benign

neoplasms, endometriosis, pleural disease related to

asbestos, and tuberculous empyema. The morphofunctional

aspects of these diseases are discussed below.

Fig. 1 a 53-year-old man with

pleural mesothelioma. Coronal

(a) and axial (b) CT images

show circumferential and

irregular pleural thickening in

the right hemithorax, associated

with pleural effusion. Coronal

(c) and axial (d, e) fat-
suppressed T1–WI after

paramagnetic contrast

administration show intense

gadolinium enhancement in the

pleural thickening, as well as

involvement of mediastinal

pleura and fissures with

invasion through the posterior

chest wall
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Pleural Fibroma

Pleural fibromas are well-defined heterogeneous masses,

usually solitary and pedunculated, with intermediate signal

intensity on T1– and T2–WI and high-contrast enhance-

ment (Fig. 3) [14]. About 10 % of these tumors are isoin-

tense to soft tissue and 10 % are hyperintense on T1– and

T2–WI. Areas of necrosis and myxoid degeneration have

high signal intensity on T1– and T2–WI [2]. They are more

common in adults and may be associated with localized or

general symptoms [1]. According to Santos et al. [3], this

tumor can be distinguished from round atelectasis with

enough resolution by MRI through detection of the comet

tail sign, which reflects the bronchovascular path related to

atelectasis parenchyma, with intense and homogeneous

post-contrast enhancement. In a recent study, Coolen et al.

[1] performed a functional evaluation of these lesions using

DWI and ADC mapping, and showed that the identification

of the vascular nidus for surgical purposes, using an ADC

value of around 1.52 9 10-3 mm2/s, is possible.

Pleural Lipoma

Pleural lipoma, the most common benign tumor of the

pleura, is often an incidental finding [10]. These lesions

have hyperintense signals on T1– and T2–WI, with loss of

signal in fat-suppression sequences [3]. Functional analysis

is generally dispensable, and the differential diagnosis of

pleural lipoma is limited due to its rather peculiar mor-

phostructural features.

Endometriosis

Thoracic endometriosis affects the lung parenchyma and

pleura and occurs most often between the third and fourth

decades of life. The pleural form is commonly manifested

as catamenial pneumothorax, generally involving the right

side [4, 6, 16]. In conventional MRI sequences,

endometriomas can be identified as nodules in the visceral

pleural surface, usually associated with pleural effusion or

even hydropneumothorax. MRI is very useful in detecting

hemoglobin degradation products at the level of the dia-

phragm or the pleural cavity, which, in the context of

endometriomas, is of great value [1]. The implants exhibit

marked blood components that may appear hyperintense on

T1– and T2–WI, and may be associated with hemorrhagic

pleural effusion. In some cases, DWI may be useful to

demonstrate diffusion restriction in small endometriomas

[16].

Pleural Disease Related to Asbestos

Pleural disease related to asbestos results from cumulative

exposure to these inhaled particles, which causes progres-

sive and irreversible changes in the pleura [17]. Patho-

logical events comprise discontinuous pleural thickening in

plaques, predominating at the basal regions, associated

with calcified plaques that are formed over decades [10].

These changes are not necessarily associated with pleural

effusion. Compared to conventional radiography and CT,

MRI has great value in the diagnostic evaluation of this

entity. In the subclinical stage of the disease, pleural pla-

ques can be less conspicuous, which reduces the sensitivity

of these methods. MRI shows superior performance in the

detection and characterization of the distribution of these

findings in the early stage of the fibrotic process; it can also

show round atelectasis not seen in conventional studies, as

demonstrated by the series of Bekkelund et al. [17]. The

plaques appear hyperintense on T1– and T2–WI and show

no post-contrast enhancement. MRI may still show

Fig. 2 a 71-year-old woman with breast cancer metastasis. Axial T1–

WI (a) shows a pleural-based nodule (arrow) in the right hemithorax

with corresponding restriction to water diffusion on DWI (b, arrow),
representing a metastasis
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mediastinal lymphadenopathy. The occurrence of

mesothelioma is highly prevalent in this population. MRI

provides not only morphological information concerning

the presence of mesothelioma, but also enables its detec-

tion at an early stage in patients with pleural asbestos-

related disease. Podobnik et al. [18] showed that benign

plaques are hypointense on T2–WI, whereas plaques

affected by mesothelioma have a hyperintense appearance,

with 100 % correlation between histopathological and

imaging findings. Functional assessment by DWI may help

to show the absence of restriction in benign plaques.

According to Gill et al. [2], the average ADC value for

benign plaques is approximately 2.6 9 10-3 mm2/s,

whereas that for mesothelioma plaques is 1.2 9 10-3 mm2/

s.

Pleural Effusion and Empyema

Pleural fluid is typically hypointense on T1–WI and

hyperintense on T2–WI, reflecting liquid content. Its

appearance may seem to be heterogeneous due to artifacts

of fluid motion [1]. Transudates and exudates are related to

low signal intensity on T1–WI and high intensity on T2–

WI. Exudates may be associated with septa and tend to

show hyperintensity on T2–WI, whereas transudates may

be isointense compared to muscles [7]. Not infrequently,

exudate has septations with delayed enhancement by

gadolinium-based contrast [1]. When these findings are

associated with a loculated appearance and C4 mm pleural

thickening, the hypothesis of pleural empyema, especially

that of tubercular etiology, assumes important value [10].

In this case, fibrothorax may occur, representing a diffuse

fibrotic process along the pleural surface, usually with

coarse continuous calcification, which may or may not be

associated with pleural effusion at the time of diagnosis.

Thickened pleura in tuberculous empyema has hypo or

isosignal compared with the muscle signal on T2–WI

[1, 3].

MRI also enables the identification of parenchymal or

pleural lesions that are not well evidenced on CT in the

presence of pleural effusion. Due to differences in signal

intensity between tissues and liquid content on MRI,

Fig. 3 a 42-year-old woman

with pleural fibroma.aCoronal
CT image shows a pedunculated

pleural-based and slightly

lobulated mass with soft-tissue

attenuation and heterogeneous

enhancement in the right

hemithorax. The margins and

the heterogeneous aspect of the

lesion are better seen on MRI,

as on a coronal T2–WI

b. Coronal cand sagittal d fat-

suppressed T1–WI after

paramagnetic contrast

administration show the same

lesion with intense gadolinium

enhancement
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pleural effusion and pleural-based nodules are better shown

on T2–WI and after gadolinium administration (Fig. 4).

Textilomas

‘‘Textiloma’’ or ‘‘gossypiboma’’ is a term used to describe

a mass in the body composed of a cotton matrix, sur-

rounded by a foreign body reaction [19, 20]. Machado et al.

[21] showed that the most common site of occurrence of

textilomas was the pleural space (14/16 cases; 87.5 %).

The pericardial space was involved in only two (12.5 %)

cases, in which the lesions were located posteriorly. Some

authors have shown that the thoracic site where retained

surgical sponges are most commonly found is the pleural

space, followed by the pericardial space [20, 22, 23]. Even

in studies in which the initiating surgical procedure was

heart surgery, the pleural space was the most commonly

affected site. When the pericardial space is involved, the

mass tends to be located posteriorly [24–26].

On CT, textilomas typically appear as round or oval

masses with well-defined and regular contours encapsu-

lated masses with a spongiform pattern and gas bubbles.

However, air bubbles may not be as prominent in retained

intra-thoracic sponges as they are in retained intra-ab-

dominal sponges [24].

The signal intensity of intra-thoracic textilomas on T1–

and T2–WI varies among patients according to MRI find-

ings. MRI typically displays a well-delineated formation

with low signal intensity on T1–WI and very high signal

intensity on T2–WI. However, low signal intensity of

structures on T2–WI has also been reported [27–32].

Splenosis

Thoracic splenosis is a rare condition that involves the

autotransplantation of splenic tissue to abnormal loca-

tions, usually after combined splenic and diaphragmatic

injury, which can occur 20 years before the diagnosis.

The basic pathogenesis of splenosis involves a splenic

implant onto a serosal surface with the aid of adult

spleen reticulum cells, which retain the potential for

differentiation into various splenic elements. This con-

dition may occur on the parietal or visceral pleura,

appearing as multiple or solitary pleural-based nod-

ules B3 cm in diameter (some may be larger and form

masses) [32, 33].

On CT, thoracic splenosis appears with attenuation and

contrast enhancement similar to that of the normal spleen,

whereas on MRI it is characterized by a lobulated pleural

mass and well-circumscribed pleural-based nodules with

intermediate signal intensity on T1– and T2–WI, showing

restricted diffusion to water as does the main organ (Fig. 5)

[33]. The absence of the spleen in the left upper quadrant is

a notable associated finding [32].

Fig. 4 a 67-year-old man with

bronchogenic carcinoma,

pleural effusion, and pleural

metastasis. a Axial CT image

shows pleural effusion in the

right hemithorax. b Axial fat-

suppressed T1–WI shows a

pleural-based nodule (white

arrow) with intermediate signal

intensity and pleural effusion.

c Axial fat-suppressed T1–WI

after paramagnetic contrast

administration shows a lung

tumor (arrow heads) and pleural

nodules (black arrows) with

contrast enhancement. d The

referred mass and nodules

exhibit high signal intensity on

T2-WI, representing pleural

metastasis (black arrow)
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Table 1 MR characteristics of pleural diseases

Pleural diseases T1 signal intensity T2 signal intensity Contrast enhancement Restriction to water diffusion

Malignant Mesothelioma Low High ??? Yes

Metastasis Low Low/High Variable Yes

Lymphoma Low Low ?? Yes

Fibroma Low Low ?? Variable

Lipoma High Intermediate/High No No

Endometriosis High High ? No

Pleural disease related to asbestos Low Low No No

Pleural effusion and empyema Low High ??? Yes

Textilomas Low High No No

Splenosis Intermediate Intermediate ? Yes

Table 2 Morphological features and associated findings in pleural diseases

Pleural diseases Morphological features Associated findings

Malignant mesothelioma Circumferential and nodular pleural

thickening

Usually unilateral

Possible extrapleural fat invasion

Asbestos exposure

Recurrent pleural effusion

Metastasis Irregular or nodular pleural thickening

Focal or diffuse

Involves mediastinal pleura

Primary malignant disease

Recurrent pleural effusion

Lymphoma Non-circumferential and nodular pleural

thickening

Focal or diffuse

Involves mediastinal pleura

Multistation adenopathy and marrow involvement

Fibroma Well-defined heterogeneous mass

Usually solitary and pedunculated

Lipoma Well-defined homogeneous mass

Usually solitary

Fat density

Accidental imaging finding

Endometriosis Nodules in the visceral pleural surface. Catamenial pneumothorax

Hemorrhage pleural effusion

Pleural disease related to

asbestos

Multifocal pleural thickening with calcified

plaques

Involves diaphragmatic pleura

Extrapleural fat preservation

Pleural effusion

Round atelectasis

Pleural effusion and

empyema

Pleural thickening

‘‘Split pleura sign’’

Loculations

Internal septations

Clinical and occasional pulmonary imaging findings of

infectious disease

Textilomas Well-defined encapsulated mass in pleural

space

Spongiform pattern and gas bubbles

Previous cardiothoracic surgery

Splenosis Well-circumscribed pleural-based nodules Previous splenic and diaphragmatic injury
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Conclusion

The most suggestive findings of malignant pleural disease

are the involvement of mediastinal pleura, circumferential

pleural thickening, nodularity, pleural irregularities, and

infiltration of the chest wall or diaphragm. Otherwise,

tumor-like conditions of the pleura, such as pleural

endometriosis, pleural splenosis, pleural pseudotumors, and

pleural plaques, are important to consider in the differential

diagnosis of neoplastic lesions. The recognition of certain

imaging patterns has been supported by MRI, especially in

the evaluation of the chest wall and pleuropulmonary

interface [34, 35] (Tables 1 and 2). In addition to mor-

phological changes, the MRI signal and post-contrast

enhancement characteristics can increase the specificity of

these patterns compared with CT. MRI is a superior

method for the evaluation of invasion of the chest wall and

diaphragm, and is therefore the gold standard for evalua-

tion of the resectability of pleural lesions. Some advantages

of CT persist, however, such as greater sensitivity in the

detection of pleural calcifications, suggestive of benignity,

the identification of bone destruction by a malignant lesion,

and the guiding of pleural biopsy.
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