
Orig inal  articles 
Scand J Work Environ Health 1999;25: 18-23 

Magnetic resonance appearance of asbestos-related benign and malignant 
pleural diseases 
by Piero Boraschi, MD,' Silvano Neri, MD,2 Giovanni Braccini, MD,' Roberto Gigoni, MD,' 
Benito Leoncini, Giuseppe Perri, MDi 

Boraschi P, Neri S, Braccini G, Gigoni R, Leoncini B, Perri G. Magnetic resonance appearance of asbestos-related 
benign and malignant pleural diseases. Scand J Work Environ Health 1999;25(1):18-23. 

Objectives This study describes the magnetic resonance findings of benign and malignant pleural diseases in 
asbestos-exposed subjects. 
Methods Thirty patients with a history of asbestos exposure and pleural lesio~ls in chest X-rays and computed 
tomography scans were exainined with a 0.5- and a 1.5-T magnetic resonance unit. The examination protocol 
included cardiac-gated proton density and T2-weighted images, unenhanced and enhanced (Gd-DTPA; 0.1 mmoll 
kg) T1 -weighted images in the axial plane and sometimes in another orthogonal plane (sagittal or coronal or both). 
All the inagnetic resonance images were reviewed by 3 experienced observers, who visually evaluated morpholog- 
ic features, signal intensity, and contrast enhancement of pleural lesions. The diagnosis was established by means 
of percutaneous biopsy, thoracotomy, and combined clinical and radiological follow-up for at least 3 years. 
Results Eighteen patients affected with multiple pleural plaques showed low signal intensity on both unenhanced 
and enhanced TI-weighted and proton density and T2-weighted images. In 2 of these patients an acute pleural 
effusion was observed. All the malignant lesions (1 1 mesotheliomas) and a solitary benign pleural plaque revealed 
high signal intensity on the proton density and T2-weighted images and inhomogeneous contrast enhancement in 
the postcontrast TI-weighted images. The sensitivity, specificity, and diagnostic accuracy of the inagnetic reso- 
nance imaging in classifying a lesion as suggestive of malignancy were loo%, 95% and 97%, respectively. 
C O ~ C ~ U S ~ O I ~ S  The results point out 2 magnetic resonance signal intensity patterns for asbestos-related pleural 
lesions: (i) low-signal intensity on unenhanced and enhanced TI-weighted and proton density and T2-weighted 
images for benign plaques and (ii) nonhomogeneous hyperintensity in TZweighted and enhanced T1-weighted 
images for malignant mesothelioinas. 

Key terms magnetic resonance, tissue characterization; pleura; pleura, mesothelioma; pleura, plaques; prelimi- 
naly study. 

Pleural plaques are the most common, and often the only 
detectable disease among workers exposed to asbestos (1, 
2). The prevalence of pleural plaques correlates strongly 
with the length of exposure and the latency time since 
the first exposure (2-4), and it depends, obviously, on 
the type of technique used to detect the lesions. In epi- 
demiologic studies based on chest X-ray examinations, 
the occurrence of pleural plaques has been estimated to 
be  14% to 62% among heavily asbestos-exposed 

workers and 2% to 17% among persons with environmen- 
tal exposure (5-8). By means of autopsy, the occurrence 
of pleural plaques among persons with "definite" 
exposure to asbestos has been shown to be up to 73% 
(9). Further studies, based on high-resolution computed 
tomography (HRCT) (4, lo) ,  showed a prevalence of 
pleural plaques similar to that of pathological studies, and 
they also confirmed what Jarvholm hypothesized already 
in the mid 1980s: ". . . it is probable that almost all 
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persons with heavy exposure to asbestos have pleural 
plaques if they survive longer than the required number 
of years" [p 321 (3). 

Tumors of the pleura are classified as either diffuse 
or localized. Diffuse malignant mesothelioma, the most 
common primary tumor of the pleura, is associated with 
a poor prognosis (1, 11, 12) and is generally related to 
asbestos exposure. In contrast, localized fibrous tumors 
are rare, generally associated with a good prognosis af- 
ter surgery, and usually not related to asbestos. Recent- 
ly, it has been shown that computed tomography (CT) 
may play a major role in distinguishing malignant from 
benign pleural diseases, even if malignant mesothelioma 
could not be reliably differentiated from pleural metas- 
tases (13, 14). Leung et a1 (13) concluded that helpful 
CT features in distinguishing malignant from benign 
pleural diseases are pleural rind, nodular pleural thick- 
ening, parietal pleural thickening greater than 1 cm, and 
mediastinal pleural involvement. 

The role of magnetic resonance imaging (MRI) in the 
evaluation of pleural abnormalities is somewhat limited 
(15, 16) and, to our knowledge, only a few reports have 
described the MRI features of asbestos-related benign and 
malignant pleural diseases (12, 17-20). 

In this report we present our experience with a group 
of asbestos-exposed patients affected with pleural diseas- 
es to evaluate whether MRI would be useful in differen- 
tiating benign from malignant lesions. 

Subjects and methods 

Thirty patients (26 men and 4 women), aged 45-85 
(mean 58.0, SD 11.5) years and seen consecutively were 
referred to our institution for an MRI examination of the 
chest because of suspected malignancy of pleural lesions 
identified by CT. All the patients had a history of expo- 
sure to asbestos and were previously examined with chest 
radiographs and CT scans. 

Magnetic resonance (MR) images were acquired with 
a 0.5-T MR system for 26 patients (MR Max Plus and 
Contour, GE Medical System, Milwaukee, WI, USA) and 
with a 1.5-T unit for 4 patients (Signa, GE Medical Sys- 
tem, Milwaukee, WI, USA). 

All the MRI examinations were performed with the 
use of the conventional Spin-Echo (SE) technique and a 
body coil for both excitation and signal reception. 

Cardiac-gated TI-weighted images (450-600120- 
30 milliseconds TRITE, 4 NEX) were obtained before 
and after an intravenous injection of a bolus of 0.1 mmoll 
kg gadopentetate dimeglumine (MagnevistO, Schering, 
Berlin, Germany). The MRI examination protocol also 
included cardiac-gated proton density and T2-weighted 
images (1800-2200140-120 milliseconds TRITE, 2 
NEX). The slice thickness was 10 mm, a matrix of 

224x 160 was used, the field of view ranged between 38 
and 48 cm, and all the lesions were imaged in the axial 
plane and sometimes in an orthogonal plane (sagittal or 
coronal or both). 

All the MR images were analyzed by 3 experienced 
radiologists, who were also familiar with other imaging 
techniques, but they did not have information about the 
results of the CT scan or the chest radiograph or about 
the patients' history when they assessed the images. They 
interpreted the images in conference and reached a final 
decision by consensus. 

The observers subjectively compared the signal in- 
tensity of the pleural abnormalities on T1-weighted, pro- 
ton density-weighted, T2-weighted, and contrast-en- 
hanced T1-weighted images with that of the muscle of 
the chest wall. 

They were asked to assess whether the signal inten- 
sity of the pleural lesions was isointense, hypointense, 
or hyperintense in comparison with that of the muscle 
for each pulse sequence. 

Furthermore, the reviewers reported their confidence 
in diagnosing benignity versus malignancy for the pleu- 
ral lesions on the basis of morphologic features (thick- 
ness of pleural lesion, regularity of internal and external 
margins, mediastinic pleural involvement, circumferen- 
tial pleural thickening or "pleural rind", pleurisy, and dif- 
fusion to other structures), structure, and signal intensity 
in TI-  and T2-weighted SE images. 

A pleural lesion thickness of 51 cm, regular margins, 
hypo- or isointense signal intensity relative to that of 
muscle in T2-weighted images, and homogeneous low- 
contrast enhancement were considered as criteria for the 
benignity of the lesions. On the contrary, the criteria for 
malignancy were thickness of pleural lesion >1 cm, ir- 
regular margins, mediastinic pleural involvement, pres- 
ence of "pleural rind", pleurisy, diffusion to other struc- 
tures of the chest, and inhomogeneous hyperintense sig- 
nal intensity on T2-weighted images and on enhanced 
TI-weighted images. 

The final diagnosis of malignancy (malignant pleu- 
ral mesotheliomas) was established by means of percu- 
taneous biopsy (7 patients) and thoracotomy (4 patients). 
The benign diseases (asbestos-related pleural plaques) 
were diagnosed with percutaneous biopsy (1 patient) or 
combined clinical and radiological (chest X-ray or CT 
or both) follow-up for at least 3 years (18 patients). 

As a result of the observations, the cases in which 
MRI correctly identified a malignancy of pleural lesions 
were defined as true positive; false positives were the 
cases in which the detection of malignancy was not con- 
firmed by percutaneous biopsy, thoracotomy, or clinical 
and radiological follow-up; false negatives were the cas- 
es with no evidence of malignancy in the MRI examina- 
tion but for which malignancy was detected by means of 
percutaneous biopsy, thoracotomy, or clinical and 
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radiological follow-up; and true negatives were those for 
which there was no detection of malignancy in the final 
diagnosis. 

The sensitivity, specificity, global diagnostic accura- 
cy, positive predictive value (PPV), and negative predic- 
tive value (NPV) of the MR findings were determined. 

All malignant mesotheliomas showed a low-to-interme- 
diate signal intensity in the TI-weighted images and an 

inholnogeneous high signal intensity both in the proton 
density and TZweighted and in the contrast-enhanced 
T1-weighted images (figure I ) .  

The thickness of the pleural lesions was greater than 
1 cm and the internal margins were irregular in all the 
patients. Of the 11 cases, irregular external margins were 
found in 9, mediastinic pleural involvement in 8, "pleu- 
ral rind" in 7, pleurisy in 7, and diffusion to other medi- 
astinic structures in 7. 

On the other hand, in 18 of the 19 patients affected 
with benign lesions, the signal intensity of the pleural 
plaques was low both in the TI-weighted and in the pro- 
ton density and T2-weighted images (figure 2); in 2 of 

Figure 1. Malignant diffuse pleural mesothelioma. The axial TI-weighted (a) magnetic resonance image shows a right circumferential pleural 
thickening ("pleural rind") with irregular margins and intermediate signal intensity, In the proton density (b) and T2-weighted (c) sequences the 
structure of the tumor is heterogeneous, of high signal intensity. Enhanced TI-weighted images in the sagittal (d) and coronal (e) planes 
demonstrate the contrast enhancement of "pleural rind" and tumor extending along the diaphragm and descending aorta. Fissural involvement 
can be seen. 

20 Scand J Work Environ Health 1999, vol25, no 1 



these patients a pleural effusion was identified (figure 3). 
In 1 patient a benign pleural plaque was hyperintense 
both in the proton density and the T2-weighted images. 
After the intravenous administration of gadolinium, 4 
benign lesions showed contrast enhancement, 2 of them 
with inholnogeneous structure. 

The thickness of pleural plaques was 51 cm in 15 out 
of 19 patients, and the internal margins were regular in 
14 of 19 persons. In no patient was an irregularity of 
external margins, "pleural rind", mediastinic pleural in- 
volvement, or diffusion to other mediastinic structures 
identified. 

Table 1 presents the statistical measures of the 3 ob- 
servers in the identification of pleural malignancy. 

Overall, on the basis of the readings of the 3 radiolo- 
gists, the MRI had a sensitivity of loo%, a specificity of 
95%, a positive predictive value of 92%, a negative pre- 
dictive value of loo%, and a diagnostic accuracy of 97% 
in the detection of pleural malignancy. 

Figure 2. Asbestos-related benign pleural plaques. A high-resolution 
computed tomographic scan (a), photographed at a "mediastinal 
window", demonstrates the presence of thin and circumscribed pleu- 
ral thickenings with regular margins at the level of the costovertebral 
spaces. Both axial unenhanced (b) and enhanced (c) TI-weighted and 
axial proton density (d) and T2-weighted (e) magnetic resonance 
images show a low signal intensity of thin bilateral pleural plaques. 

Finally, 5 of the investigated subjects had asbestosis, 
and the asbestosis did not limit the diagnostic usefulness 
of the MRI. 

Discussion 

In most cases of pleural disease, the clinical issues nec- 
essary for management can be evaluated by chest radi- 
ography, CT, or ultrasonosgraphy (15, 16). 

MRI currently plays a very limited role in the assess- 
ment of p~ilmonary and pleural diseases, although it 
seems to be the imaging of choice in the evaluation of 
superior sulcus carcinoma (21, 22) and may provide an 
effective noninvasive means for the initial characteriza- 
tion and serial follow-up of such pleural fluid collections 
as transudate, exudate, or complex (23). The high signal 
intensity of lipids in TI-weighted sequences 
allows the identification of chylothorax (15). 
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Figure 3. Asbestos-related pleural plaques with a left benign pleural effusion. A high-resolution computed tomographic scan (a), photographed 
at a "rnediastinal window", reveals a bilateral and thin  pleural thickening in the costovertebral space. Bilateral pleural plaques appear to be 
hypointense in the axial proton density (b)  and T2-weighted (c) magnetic resonance images, obtained 1 year after the computed tomographic 
scans. A concomitant pleural effusion is evident on the  left side. 

Table 1. Diagnostic value of the magnetic resonance imaging for 
patients with benign and malignant asbestos-related pleural dis- 
ease. 

Test parameters Reviewers 

Statistical measures 
Sensitivity (%) 
Specificity (YO) 
Accuracy (%) 
Positive predictive value (%) 
Negative predictive value (%) 

a Standards of reference used for the final diagnosis are given in the text. 

Furthermore, MRI is superior to CT for the charac- 
terization of tissues on the basis of signal intensity in 
various pulse sequences, and the multiplanar capability 
of MRI may be useful in demonstrating the extent of 
pleural disease, mediastinal invasion, and chest wall in- 
vasion before surgery. 

MRI findings have been described for 3 patients af- 
fected with malignant mesothelioma. The extent of the 
tumor was better shown by MRI than by means of CT, 
particularly in the coronal planes (17). In addition, the 
comparison of the MR images with CT scans for 
16 patients diagnosed with pleural mesothelioma 
demonstrated that, compared with CT, MRI in the 
coronal plane allowed a better evaluation of apical dis- 
ease, diaphragmatic and infradiaphragmatic involvement, 
and the relationship of tumor to mediastinal structures 
(12). These results are preliminary, but they do 

demonstrate a potential role of MRI in the assessment of 
malignant mesothelioma. 

Ferretti et al (24) reported the MRI appearance of 
localized benign fibrous tumors of the pleura in 4 pa- 
tients. These lesions were characterized by a low signal 
intensity in all the MRI sequences; this low signal inten- 
sity can be explained by high collagen content within the 
stroma of the tumor. 

In a recent study of 55 patients with different pleural 
lesions, Falaschi et a1 (19) reported that the presence of 
a high signal intensity in the proton-density-weighted and 
T2-weighted images had a 100% sensitivity and an 87% 
specificity for the identification of malignant pleural 
diseases such as mesothelioma, metastasis, and non- 
Hodgkin's lymphoma. Moreover, a lesion with a low 
signal intensity in the T2-weighted images was invaria- 
bly benign (negative predictive value, 100%). 

To evaluate whether MRI could be useful in differ- 
entiating benign from malignant lesions, we selected a 
group of patients who had been occupationally exposed 
to asbestos and who had had pleural lesions in CT scans. 

The following two MRI signal intensity patterns were 
identified for pleural lesions: (i) a low signal intensity 
on both unenhanced and enhanced TI-weighted and pro- 
ton-density and T2-weighted images for benign pleural 
plaques and (ii) inhomogeneous hyperintensity in proton- 
density-weighted, T2-weighted images and in contrast- 
enhanced TI-weighted images for malignant mesotheli- 
omas. 

Moreover, the observers obtained a 100% sensitivity 
and a 95% specificity for the identification of pleural 
malignancy and a 100% negative predictive value. These 
results suggest that MRI and, particularly, T2-weighted 
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sequences may differentiate between benign and malig- 
nant pleural nodules in asbestos-exposed workers with 
high sensitivity and specificity. 

On the other hand, some limitations were also re- 
vealed by our study. 

Even if no morphological feature by itself could al- 
low for a differentiation between malignant and benign 
pleural diseases, the overall evaluation of morphologi- 
cal signs was very helpful when a pleural lesion was be- 
ing characterized. Another important limitation to our 
study was the relatively small number of malignant le- 
sions included in our series. This small number limits the 
confidence with which one can apply our conclusions in 
a clinical setting. 

In summary, this report emphasizes the distinctive 
MRI pattern of benign and malignant asbestos-related 
pleural diseases. Although this MRI pattern is not always 
pathognomonic, its presence within a pleural lesion can 
suggest a presumptive diagnosis and may obviate the 
need for percutaneous biopsy, which is often not defini- 
tive. Therefore, MRI appears to be a promising tool in 
the assessment of asbestos-related benign and malignant 
pleural diseases. 
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