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Pleural pathology varies widely and 
may manifest with one or more 
of the following: intrapleural liq-

uid or gas, pleural thickening, and high 
attenuation. Liquid in the pleural space, 
or pleural effusions, may be made con-
spicuous on chest radiographs by size or 
patient positioning, but identifying subtle 
findings may allow diagnosis of an effu-
sion and its etiology. Similarly, gas in the 
pleural space, or a pneumothorax, may 
have both classic and elusive imaging 
findings, often necessitating distinction 
from other entities. Pleural thickening 
may be focal or diffuse, benign or malig-
nant, with characteristic imaging features 
that can narrow the differential diagnosis 
(Table 1). Calcification or other high 
attenuation within the pleural space is 
commonly due to asbestos exposure, 
chemical pleurodesis, and remote trauma 
or infection. We will review multimodal-
ity-imaging features used to establish the 

presence and cause of the various types 
of pleural pathology. In addition, we will 
discuss the imaging features of complex 
pleural-parenchymal abnormalities, 
with special consideration of bronchop-
leural fistulas, unexpandable lung, and 
post-pneumonectomy complications. 

Pleural effusions
Pleural effusions result from abnor-

mal buildup of a thin layer of liquid that 
normally helps adhere and lubricate the 
interface between visceral and parietal 
pleura. As the volume of an effusion 

increases, its appearance on imaging1 
becomes more evident (Table 2). The 
classic and most obvious presentation 
of a small pleural effusion on a radio-
graph is blunting of the lateral or pos-
terior costophrenic sulcus, a form of 
parietal-visceral pleural separation.1 
Medial blunting on frontal view may be 
apparent. Absence of blunting does not 
negate an effusion. 

Parietal-visceral pleural separation 
may manifest in other ways, such as api-
cal capping or thickening of the paraspi-
nal stripe.2 Visceral-visceral pleural 
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separation, such as widening of the 
oblique fissure on lateral projection, may 
also indicate a pleural effusion.1 When 
an effusion is only partially well-margi-
nated on chest radiograph, this is known 
as the incomplete border sign.3

Subpulmonic effusions between the 
dome of the diaphragm and basal lung 
are suggested on frontal projection 
by elevation and lateralization of the 
hemidiaphragmatic peak, a paucity of 
vessels below the diaphragmatic mar-
gin, and increased distance between the 
left lung base and gastric bubble (Figure 
1). On a lateral view, a subpulmonic ef-
fusion may have an appearance likened 
to the “Rock of Gibraltar” — an angu-
lated contour of the lung base with the 
peak at the oblique fissure (Figure 2).4 
Subpulmonic effusions may demon-
strate lateralization of hemidiaphragm 

on frontal radiograph (Figure 3). When 
bilateral, subpulmonic effusions may be 
mistaken for hypoventilation. 

Supine positioning causes a lay-
ering pleural effusion to distribute 
posteriorly, causing hazy or veil-like 
opacification of the hemithorax with 
preservation of bronchovascular struc-
tures (Figure 4).5 Pitfalls in the determi-
nation of pleural effusions, regardless 
of patient positioning, include overlying 
soft tissue, atelectasis, extrapleural fat, 
pericardial fat, and pleural thickening. 
Lateral decubitus imaging may be uti-
lized for confirmation. 

Although pleural effusions are often 
easily identified on computed tomog-
raphy (CT), trace effusions may go 
undetected at the extreme posterior 
costophrenic sulci or immediately pos-
terior to the descending thoracic aorta. 

Recently, attempts have been made to 
standardize effusion quantity on CT. 
Moy et al have proposed a three-point 
scale6 based on anteroposterior quartile 
and maximum anteroposterior depth 
(Table 3).

The differential diagnosis of air 
space disease (water, blood, pus, or 
cells) can similarly be applied to pleu-
ral effusions. Distinguishing between 
transudative and exudative pleural ef-
fusions helps identify the etiology and 
aids in management. Transudates imply 
hydrostasis (eg, left ventricular fail-
ure, hypoalbuminemia) while exudates 
imply capillary permeability (eg, malig-
nancy, parapneumonic effusion). 

On imaging, this distinction can be 
difficult. For example, one might define 
a gravitationally dependent and water 
attenuating effusion as simple, but this 
does not necessarily denote a transu-
date.7 For example, a parapneumonic 
effusion represents an exudate (likely 
from vessel permeability and leakage of 
inflammatory cells) but is typically ster-
ile at the outset and may appear simple. 
A minority of patients will develop sec-
ondary infection of the effusion itself, 

Table 1. Causes of Pleural Thickening 

 Focal Diffuse
 Benign Benign
 Pleural plaque Post-asbestos exposure
	 Pleural	fibromatosis	 Empyema
	 Solitary	fibrous	tumor	 Tuberculosis
	 Calcifying	fibrous	pseudotumor	 Hemothorax
	 Trauma	 Fibrothorax
	 Post-radiotherapy/surgery	 Post-radiotherapy/surgery
	 Apical	pleural	thickening	 Rheumatoid	arthritis
	 Splenosis	 Sarcoidosis
	 Endometriosis	 Inflammation

 Malignant Malignant
	 Metastatic	disease	 Mesothelioma
	 Mesothelioma	 Metastatic	disease
	 Lymphoma	 Lymphoma

*	Section	adapted	from	Downer	NJ	Ali	NJ,	Au-Yong	ITH.	Investigating	pleural	thickening.	BMJ	
2013;346,	e8376RA	=	rheumatoid	arthritis

Table 2. Pleural effusion imaging characteristics* 

 Volume (mL) Imaging characteristics

	 5		 Detectable	on	lateral	decubitus
	 50		 Posterior	costophrenic	sulcus	blunting
	 200-500	 Lateral	costophrenic	sulcus	blunting
	 Tracking	along	pleural	surface	 Meniscus	sign
	 Massive	effusion	 Opacification	of	hemithorax	and	shift	or		
	 	 	 inversion	of	hemidiaphragm
*Adapted	from	Qureshi	NR,	Gleeson,	FV.	Imaging	of	pleural	disease. Clin Chest.	2006;27:193-213

FIGURE 1. Upright frontal radiograph 
demonstrates blunting of the right costo-
phrenic sulcus (arrow), medial blunting, and 
elevated left hemidiaphragm. The patient 
was found to have an ovarian fibroma in the 
setting of ascites, and therefore, the pres-
ence of a pleural effusion indicates Meigs 
syndrome.
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predisposing to complexity and eventu-
ally frank empyema (discussed later).8 
Pseudotumors are another example—
often associated with congestive heart 
failure, hypoalbuminemia, or renal in-
sufficiency, these transudative effusions 
do not appear simple. Instead, they 
manifest as interlobar well-demarcated, 
lenticular collections with tapered ends, 
most commonly seen along the minor 
fissure (Figure 5). 

Complex effusions on imaging are 
more reliably exudative. Thickening 
and increased attenuation of extrapleu-
ral fat may be associated with both 
transudates and exudates, but are more 
likely to be found in exudative effusions 
(Table 2). The long-term presence of a 
pleural effusion, even if unchanged in 
size, should raise the possibility of ac-
tive tuberculous empyema. Pulmonary 
thromboembolic disease should be 

considered in the appropriate setting. 
The laterality of an effusion occasion-
ally sheds light on the etiology (Table 
4). For example, a left-sided effusion 
could reflect an acute pancreatitis due 
to formation of a fistulous tract or direct 
extension of a pseudocyst across the di-
aphragm (Figure 6). 

  The utility of measuring the attenua-
tion of a pleural effusion is inconsistent 
as pseudoenhancement may occur with 

A B

FIGURE 2. (A) Frontal posteroanterior (PA) radiograph demonstrates elevation of the right hemidiaphragm relative to the left and a subpulmonic 
pleural effusion in the right hemithorax. (B) Lateral radiograph in same patient demonstrates an angulated contour of the lung base with the 
peak at the oblique fissure, termed the “Rock of Gibraltar” sign (arrow)

FIGURE 3. Frontal radiograph demonstrates lateralization of the 
right hemidiaphragm peak consistent with a subpulmonic effu-
sion (arrow).

FIGURE 4. Frontal radiograph in the same patient with veil-like opacifica-
tion of the right hemithorax indicates a layering effusion..
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intravenous contrast. Interpretation is 
always best made in conjunction with 
the clinical history and ancillary imag-
ing findings. For example, a pleural ef-
fusion with high attenuation and debris 
fits the impression of a hemothorax in 
the setting of trauma and ipsilateral rib 
fractures. Hemothoraces measure in ex-
cess of 35 Hounsfield units (HU) when 
acute and up to 70 HU when clotted. 
A liquid-liquid interface would result 
from differing densities of red blood 
cells and serum (Figure 7). Likewise, a 
pleural effusion with attenuation of fat 
(approximately -90 to -115 HU) may 
suggest the presence of a pseudochy-
lous (or chyliform) pleural effusion, 
which has high lipid content and has 
been described with tuberculous pleu-
risy and rheumatoid arthritis.9 Chy-
lothoraces, or true chylous effusions, 
occur with lymphomas, bronchogenic 
carcinomas and trauma, and may also 
have negative attenuation values. 

Magnetic resonance imaging (MRI) 
can be useful to further characterize an 
effusion. For example, a hemothorax 
with hyperacute blood manifests as low 
T1 and high T2 signal whereas acute or 
chronic blood that is several hours old 

Table 3. Pleural effusion size estimation guidelines

 Anteroposterior (AP) quartile Maximum AP depth*

Small	 1st	 Less	than	3	cm
Moderate	 2nd	 3	to	10	cm
Large	 3rd	and	4th	 Greater	than	10	cm
*	Use	if	effusion	size	is	borderline	on	quartile	measurements 
Adapted	from	[Reference	6]	Moy	MP,	et	al.	A	new,	simple	method	for	estimating	pleural	effusion	size	
on	CT	scans.	Chest	2013;	143:1054–9.

FIGURE 5. Frontal radiograph demonstrates a loculated pleural effusion in the minor fissure. 
This appearance of a pleural effusion is termed pseudotumor (arrow). 

Table 4. Causes of bilateral/variable, left-sided and right-sided pleural effusion 

Bilateral / Variable Left* Right*
	 Left	sided	heart	failure	 Constrictive	pericarditis	 Cirrhotic	liver	disease
	 Hypoalbuminemia	 	 Right	sided	heart	failure
	 Peritoneal	dialysis	 	 Meigs’	syndrome
	 Nephrotic	syndrome	 	 Superior	vena	cava	obstruction
	 Pulmonary	embolism
	 Hypothyroidism	 	 Ovarian	hyperstimulation
	 Chylothorax
	 Urinothorax	

	 Parapneumonic	effusion	 Following	cardiac	surgery	 Hepatic	abscess
	 Malignant	neoplasm	 Splenic	abscess	 Chylothorax
	 Pulmonary	embolism	 Post-MI	syndrome
	 Rheumatoid	arthritis	 Acute	pancreatitis
	 Benign	effusion	secondary	to	asbestosis	 Pancreaticopleural	fistula
	 Other	autoimmune	diseases
	 Subphrenic	abscess
	 Uremia
	 Drug	induced
	 Radiotherapy
	 Esophageal	rupture
*	Tending	to	be	left	or	right	sided
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FIGURE 6. Contrast-enhanced computed tomography (CECT) with 
coronal reformation demonstrates a pancreatic pseudocyst-pleural fis-
tula (arrows).

FIGURE 7. (A) Axial CT and (B) coronal reformatted image demon-
strate massive right hemothorax with liquid-liquid interface (arrow) 
and Hounsfield attenuation values consistent with hemothorax.

FIGURE 8. Frontal radiograph demonstrates lung collapse, slight 
mediastinal shift to the right, and left hemidiaphragmatic depression 
consistent with tension pneumothorax.

FIGURE 9. Frontal radiograph with a small left pneumothorax in the 
left costophrenic sulcus that also demonstrates “double diaphragm” 
sign. 

A

B
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or older has low signal on both T1 and 
T2. In cases with an unclear etiology, 
diagnostic thoracentesis with pleural 
fluid analysis is the gold standard test.

Pneumothorax
The telltale sign of a pneumothorax 

is a white visceral pleural interface. This 
may be overlooked medially and at the 
base, even in the upright position. Al-
though pulmonary vessels should not 
extend beyond the visceral pleura, lung 
tissue superimposed upon a pneumotho-
rax, particularly at the base, may conceal 
the pneumothorax save for the presence 
of a white visceral pleural interface.

A pneumothorax disrupts the vis-
ceral-parietal interface, allowing the 
lung to naturally recoil and surrounding 
structures to relax. This may manifest as 
mediastinal shift, rib interspace widen-
ing, and hemidiaphragmatic depression. 
Tension pneumothorax, an emergent 
finding associated with hemodynamic 
instability, results from progressive 
build-up of gas in the chest, during 
which positive pleural pressure should 
collapse the ipsilateral lung on imaging 
(Figure 8). In certain instances (eg, air-
way obstruction or poor lung compli-
ance), the lung may not collapse despite 
tension. 

Detecting a pneumothorax on supine 
radiographs is more challenging. In the 
setting of trauma, for example, up to 
63% of all pneumothoraces are not vis-
ible on chest radiography.10 In any sce-
nario, the only clues may be asymmetric 
lucency or unusual sharpness of anatom-
ical borders. Ideally this is supported by 
clinical suspicion or other radiographic 
findings (Table 5). Additional signs in-
clude the “deep sulcus” sign, a deepen-
ing and widening of the costophrenic 
sulcus due to intrapleural gas tracking 
inferolaterally,11 and the “double dia-
phragm” sign (Figure 9), the presence 
of two diaphragm-gas interfaces, clas-
sically at the dome and anterior cost-
ophrenic sulcus. Upright or decubitus 
positioning is usually confirmatory. Sec-
ondary signs of subcutaneous emphy-
sema and pneumomediastinum may aid 
in the diagnosis. 

Table 5. Risk factors associated with various  
types of pneumothorax 

Primary spontaneous pneumothorax (PSP)
	 Smoking
	 Family	history	of	PSP
	 Birt-Hogg-Dube	syndrome
	 Familial	cancer	syndrome	(FLCN)
	 Marfan	syndrome	
	 Homocystinuria

Secondary spontaneous pneumothorax (SSP)
	 Chronic	obstructive	pulmonary	disease
	 Cystic	fibrosis
	 Lung	malignancy
	 Necrotizing	pneumonia
	 Catamenial*	
   Rare:
	 		 	 Ankylosing	spondylitis
	 		 	 Asthma
	 		 	 Histiocytosis	X
	 		 	 Interstitial	lung	disease
    Lymphangioleiomyomatosis	
	 		 	 Metastatic	sarcoma	
	 		 	 Rheumatoid	arthritis
	 		 	 Sarcoidosis

Iatrogenic / Traumatic
	 Chest	wall	trauma
	 Open	or	minimally	invasive	procedures	to	the	chest	wall	or	abdomen

Infection 
	 Presence	of	gas	forming	organisms

*	In	association	with	menses	due	to	intra-thoracic	endometriosis

FIGURE 10. Frontal radiograph demonstrates skin fold (arrow) that mimics the appearance of 
a pneumothorax. 
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The pitfalls of radiographic diagno-
sis are many. The Mach effect creates 
the illusion of free gas due to exagger-
ated contrast between edges of differ-
ing shades of gray, usually seen along 
the mediastinum. Physically covering 
the offending shadow (eg, cardiac sil-
houette or upper rib) can eliminate this 
artifact. A skin fold is less of a diagnos-
tic dilemma in that it is broad and ra-
diographically dense with a dark edge 
(Figure 10). Diaphragmatic herniation 
of stomach may be misdiagnosed as hy-
dropneumothorax due to the presence 
of gas and liquid in the pleural cavity.12 

Other pitfalls include companion shad-
ows (eg, hair), large bullae, a superim-
posed scapular edge, and extrapleural 
gas. While CT detection of a pneumo-
thorax is usually straightforward, dis-
tinguishing a pneumothorax from large 
bullae can be challenging. 

Several studies have explored meth-
ods to estimate the size of a pneumo-
thorax. Familiarity with these methods 
proves useful when percentage size is 
requested by the referring provider. 
Studies using lung models show that 
this is best determined on CT.13 On ra-
diography, one crude method (whether 

upright or supine) is to take the average 
of three interpleural distances: a cranio-
caudal dimension at the apex, a medio-
lateral dimension one-third of the way 
down from the apex, and a mediolateral 
dimension two-thirds of the way down 
from the apex, then multiplying this 
average by 10 to determine the percent 
pneumothorax. However, proposed 
methods in the literature may be con-
sulted for further details.14–17

Pneumothoraces may be spontaneous 
(primary or secondary), iatrogenic/trau-
matic, or related to gas-forming organ-
isms within the pleural space. Primary 

A B C

FIGURE 11. (A) Lateral radiograph of the chest and (B) left decubitus radiograph of the abdomen. (C) Axial image of CT thorax demonstrates 
posterior pleural mass with rib erosion (arrow). Patient was diagnosed with metastatic seminoma.

FIGURE 12. This frontal radiograph displays calcified pleu-
ral plaques that demonstrate the holly leaf sign. This finding 
is consistent with prior asbestos exposure (arrows).

FIGURE 13. Axial CT at the level of the great vessels demonstrates a loculated 
pleural effusion with peripheral enhancement (arrow) and multiple foci of gas 
consistent with empyema.
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spontaneous pneumothorax is defined as having no apparent 
underlying lung disease or inciting cause, and secondary spon-
taneous pneumothorax results from underlying lung pathol-
ogy. Clinical correlates by type of pneumothorax are shown in 
Table 5.

Pleural thickening
On radiographs, pleural thickening is more easily detected in 

profile but can be difficult to separate from effusion or extrapleu-
ral fat. Parenchymal scarring or distortion may favor thickening. 
When visible en face, pleural thickening is veil-like with ill- or 
partially defined margins. When mass-like, the classic appear-
ance is an opacity creating an obtuse angle with the chest wall 
and demonstrating an incomplete border sign (Figure 10). On CT, 
pleural thickening may be difficult to distinguish from an effusion.

A

A

B

B

FIGURE 14. (A) Frontal radiograph shows calcification in the right lower hemithorax. (B) Non-contrast CT of the thorax demonstrates dense 
right pleural calcification and right lung volume loss compatible with fibrothorax.

FIGURE 15. Axial CECT demonstrates rounded atelectasis in the right 
lower lobe (arrow) as well as adjacent pleural thickening and a small 
right pleural effusion.

FIGURE 16. (A) Frontal radiograph demonstrates opacification of the 
left hemithorax and cardiomediastinal shift to the right. (B) CECT of 
the thorax demonstrates a large left pleural effusion, left pleural rind 
and an anterior and middle mediastinal mass found to be lymphoma. 
[Windowed poorly with decreased conspicuity of effusion.]
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Pleural thickening is focal or diffuse and benign or malignant 
(Table 1). “Diffuse” has varying definitions but most commonly is 
described as smooth and uninterrupted pleural thickening with ex-
tent greater than one-fourth of the chest wall. A strict definition may 
not be crucial, as there is overlap among focal and diffuse processes 
(Table 1). A discussion of selected processes follows. 

The most common causes of focal pleural thickening include: 
pleural plaque (often multiple), empyema, and primary or meta-
static malignancy. Diffuse diseases may be inflammatory or infec-
tious in etiology as in fibrothorax, or neoplastic (Figure 11), either 
primary or metastatic.

Pleural plaques, manifesting as discrete plaques or diffuse pleu-
ral thickening either unilateral or bilateral, are almost always due 
to asbestos-related pleural changes. Bilateral pleural thickening, 
whether focal or diffuse, is almost always due to asbestos-related 
pleural change. These typically present two to five decades after 
initial exposure. Pleural effusions may occur without plaques and 
with earlier onset after exposure. Asbestos-related pleural plaques 
often calcify and occur at the bases or along the diaphragm. On ra-
diographs, a calcified pleural plaque may be likened to a holly leaf, 
known as the holly leaf sign (Figure 12).18 While the chest radio-
graph in the context of a compatible clinical history of exposure is 
sufficient for diagnosis, CT has greater sensitivity, particularly for 
early disease, and can exclude confounding conditions.19 

Empyemas are purulent pleural collections most readily recog-
nized on imaging by the split pleura sign. The split pleura sign rep-
resents a rind of visceral and parietal pleural thickening surrounding 
a loculated effusion (Figure 13). For management purposes, the 
radiologist should make every attempt to distinguish an empyema 
from a pulmonary abscess. Empyemas typically demonstrate a len-
tiform shape (versus a rounded shape), obtuse chest wall angles 
(versus acute angles), adjacent lung compression (versus abrupt ter-
mination of bronchovascular structures at the margins), and walls 
that are thin, smooth, and uniform (versus thick and irregular walls).

Solitary fibrous tumors are mesenchymal neoplasms arising from 
the pleura that are more often benign than malignant. They occur 

FIGURE 17. Axial CECT maximum intensity projection (MIP) demonstrates 
a large well-vascularized heterogenously enhancing mass in the anterior 
left hemithorax with broad pleural abutment (arrow).

FIGURE 18. (A) Axial CECT of the thorax demonstrates a small cir-
cumferentially calcified structure. Axial CECTs (B and C) each per-
formed months later demonstrate significant migration.

A
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most commonly within the thoracic 
cage but have been reported through-
out the body (eg, soft tissues, muscles). 
Symptoms such as local pressure ef-
fects and pain occur more so with larger 
tumors. Other clinical symptoms may 
include hypoglycemia due to secretion 
of insulin-like growth factor II, hyper-
trophic osteoarthropathy, hemoptysis, 
pneumonia and constitutional symp-
toms. Tumors often have discrete mar-
gins, a smooth surface, continuity with 
the chest wall, heterogeneous enhance-
ment (65%), and more commonly lob-
ulated contours.20 Approximately 60% 
of tumors from the visceral pleura and 
30% from the parietal pleura are pedun-
culated.20 As such, radiographs over 
time may show tumors in different posi-
tions. Calcifications, collateral feeding 
vessels, and invasion of local structures 
are generally absent.21

A fibrothorax is classically unilateral 
and represents the sequela of remote 
infection or trauma. It is characterized 
by diffuse pleural thickening that may 
calcify and is frequently associated with 
volume loss of the affected hemithorax 
(Figure 14).

Rounded atelectasis may form sec-
ondary to chronic pleural disease (often 
pleural thickening) as a result of min-
eral dust exposure (asbestos, silica), 
exudative pleural effusions, pneumo-
thorax, and childhood cancers. It is rec-
ognized on imaging as a rounded region 
of parenchymal volume loss abutting 
the pleura, associated with a swirling 
of bronchovascular structures (comet 
tail sign) in a region of chronic pleural 
abnormality. These findings represent 
local atelectasis resulting from focal 
pleuritis or an infolding of visceral 
pleura22 (Figure 15) and may be mis-
taken for malignant disease. 

Certain imaging features may help 
the radiologist distinguish malignant 
from benign pleural disease, includ-
ing circumferential thickening, nodu-
lar pleural thickening, parietal pleural 
thickening greater than 1 cm, and me-
diastinal pleural involvement2(Fig-
ure 16).23 Neither ipsilateral volume 
loss nor fissural involvement has been 
shown to be useful in the determination 
of malignancy. On the other hand, the 
absence of “malignant” features does 
not necessarily indicate a benign eti-

ology. In addition, certain benign pro-
cesses occasionally reproduce one or 
more “malignant” findings. For exam-
ple, nodular pleural thickening is an in-
frequent occurrence in tuberculosis and 
catamenial pneumothoraces. Also, left-
sided pleural nodules with a history of 
prior trauma may reflect splenosis while 
empyemas occasionally involve the 
mediastinal pleura. Positron emission 
tomography (PET) is a useful adjunct 
in the determination of malignancy and 
has gained wider usage as a follow up 
modality for prognosis and treatment 
monitoring.

Metastatic disease, which despite 
being more common than mesothe-
lioma with an incidence of 10% after 
exposure to asbestos, cannot reliably 
be distinguished from one another on 
imaging (Figure 17).9,24 Metastatic 
disease is often seen with adenocar-
cinomas (primarily from lung, breast, 
lymphoma, and ovary)25 and may  in-
clude invasive thymoma and lymph-
oproliferative malignancies. However, 
primary effusion lymphoma affects se-
rosa primarily and would not fall under 
this category. Of note, pleural dissemi-
nation of non-small cell lung cancer in 
the absence of a pleural effusion confers 
a better prognosis (a distinction of dry 
versus wet disease).

In any tumor localizing to lung, an 
effort should be made to determine 
the likelihood of extra-parenchymal 
involvement. According to Imai and 
colleagues, invasion may be suspected 
on CT when the ratio of the arch dis-
tance to the maximum tumor diame-
ter is greater than 0.9. Arch distance 
refers to the length of contact between 
the tumor and the interface in question 
(eg, pleura).26 Other CT features of 
chest wall invasion include decreased 
angle between tumor mass surface and 
pleura interface, presence of pleural 
thickening, fat plane rib invasion and 
the presence of a chest wall mass. On 
MR, criteria for chest wall invasion in-
clude signal intensity of the invasive 
lesion similar to that of the tumor on 
T1-weighted images, hyperintense soft 
tissue signal similar to that of the tumor 

FIGURE 19. Frontal radiograph demonstrates right upper lung opacity with cavitation, pneu-
mothorax and persistent small right pleural effusion compatible with hydropneumothorax likely 
resulting from bronchopleural fistula formation.
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on T2-weighted images, and gadolin-
ium enhancement. 

High attenuation
We define high attenuation as any 

metallic opacity not limited to calcifi-
cation. Importantly, calcification is seen 
in the majority of cases and suggests 
chronicity. The observation of pleural 
calcification may also favor a benign 
etiology. As an example, calcifications 

are infrequently present in the setting of 
malignant mesothelioma despite its as-
sociation with asbestos exposure. 

Commonly considered etiologies of 
high attenuation include remote trauma 
(including prior surgery), remote em-
pyema, asbestos-related pleural change, 
and chemical pleurodesis. Thoracolithi-
asis and calcified or ossified metastases 
are uncommon. On imaging, bilateral 
involvement typically separates asbestos 

from the others. Ancillary findings such 
as thoracotomy changes or healed rib 
fractures would favor remote trauma. 

Chemical pleurodesis from talc ad-
ministration is suggested by chronic 
uniformly hyperattenuating multifocal 
pleural opacities. Talc deposits are clas-
sically found in the posterior basal re-
gions but may present anywhere within 
the pleural space, including the fissures. 
They may mimic the “split pleura” sign 

A

C
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FIGURE 20. (A) Frontal chest radiograph of patient pre-thoracentesis demonstrates right pleural effusion. (B) Frontal chest radiograph of same 
patient post-thoracentesis demonstrates slight decrease in right pleural effusion. There is a focal opacity at mid/lower lung, which likely rep-
resents fluid in the fissure. (C) Axial CECT with moderate-sized right-sided pneumothorax without tension or loculated components identified. 
There is a focal opacity within the right mid lung that corresponds to partial collapse of the right middle lobe. (D) Axial CECT of same patient as 
in C approximately three months later. There is a massive right pleural effusion with right lung atelectasis and dilation of main pulmonary artery 
that is suggestive of pulmonary hypertension. 
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of empyema due to fibrin coating of 
both pleural layers.27 FDG-PET uptake 
is a common finding. 

Thoracolithiasis describes a mobile 
calcified or non-calcified loose body in 
the pleural space without prior trauma, 
intervention, or pleurisy. Typically in-
cidental and benign (Figure 18), this 
entity does not require treatment or in-
tervention. It tends to occur on the left 
and may be associated with degenerated 
lipomas, tuberculosis, dust inhalation, 
pleural fat or pericardial fat.28 The dif-
ferential includes a fibrin body, foreign 
body granuloma, and an iatrogenically 
introduced gallstone. 

Complex pleural-parenchymal 
disease

Complex pleural-parenchymal pro-
cesses arise for any number of reasons. 
They may result from primary pleural 
pathology with secondary effects on the 
underlying lung or from primary lung 
pathology with secondary abnormali-
ties of the pleural space. Here, we con-
sider representative processes. 

Fistulas
A true bronchopleural fistula (BPF) 

refers to communication between the 
pleural space and bronchial tree while 
a parenchymal-pleural fistula (PPF) is 
between pleura and parenchymal lung 
(Figure 19). As a whole, these are typ-
ified by a pneumothorax not attribut-
able to trauma or pleural gas-forming 
organisms. The majority of etiologies in 
Table 5 would qualify as fistulas.

 Studies have shown that modern 
multi-detector row CT scanners are able 
to detect central and peripheral fistulous 
tracts with comparable or superior sen-
sitivity compared to bronchoscopy.29 
If a fistula is not visible on imaging, 
one can be inferred in the appropriate 
setting, as in the case of cavitary squa-
mous cell carcinoma with subsequent 
pneumothorax (Figure 18). The fallen 
lung sign deserves special mention, 
referring to bronchial rupture and sub-
sequent collapse of the affected lung. 
Whereas a deflated lung in vivo should 
collapse centrally toward the hilum, the 
lung in this scenario “falls” with gravity, 

attached to the hilum only by its vascu-
lature.30 The resultant pneumothorax 
would persist despite chest tube inser-
tion. Rarely, fistulas to pleura have their 
origins outside of lung and airway. Fig-
ure 6 demonstrates a fistula from a pan-
creatic pseudocyst. 

Lung entrapment and  
trapped lung

Lung entrapment and trapped lung 
share the findings of an unexpandable 
lung and therefore the failure of visceral 
and parietal pleura to adhere. However, 
lung entrapment requires active dis-
ease, such as malignancy or infection/
inflammation while trapped lung is due 
to a fibrous peel from remote inflamma-
tion. In reality, the two probably repre-
sent diseases along different ends of the 
same spectrum. Nevertheless, the dis-
tinction is important because each por-
tends differing management strategies. 

Imaging findings in lung entrapment 
depend on the underlying disease pro-
cess but often demonstrate complex 
pleural effusions (eg, nodules, locula-
tion, thickening). Treatment is aimed at 
the underlying cause. Ex vacuo pneumo-
thorax may be a consequence of thora-
centesis or chest tube insertion. Trapped 
lung presents as pleural thickening and 
loculation without clinically active dis-
ease (Figure 20). Pleural calcification 
would support the suspicion of a remote 
process. The affected hemithorax is 
often reduced in size due to persistent 
negative pressures. The pleural effusion 
is remarkably constant in size over time 
and will rapidly re-accumulate with tho-
racentesis. Management is conservative.

Normal and abnormal appearance 
of the postoperative pleura/pleural 
space

Surgical management of pleural 
disease can take the form of open sur-
geries, which include decortication, 
pleurectomy, and extrapleural pneumo-
nectomy, and minimally invasive vid-
eo-assisted thoracic surgeries (VATS), 
which may involve pleurodesis. 

Pleurectomy and decortication, or the 
removal of a fibrotic peel adherent to 

FIGURE 21. Frontal radiograph demonstrates a patient with prior partial resection of right lung 
with architectural distortion, pleural thickening (arrow) and a small-moderate loculated right 
pleural effusion.
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the visceral pleura, may be performed 
in cases where the peel precludes ad-
equate re-expansion of the lung, as in 
lung entrapment. Post-surgical imaging 
findings include architectural distortion 
of lung and loculated pleural effusions 
(Figure 21).31 Long term drainage of an 
empyema may necessitate an Eloesser 
flap, a surgically created fistula between 
the skin and pleural space.32 

Pneumonectomy may take one of 
three forms: intrapleural, intraperi-
cardial or extrapleural. Extrapleural 
pneumonectomy is indicated in some 
cases of malignant mesothelioma and 
tuberculous empyema and involves re-
section of lung and parietal pleura with 
prosthetic reconstruction. Typically, the 
post-pneumonectomy space fills com-
pletely with liquid between 3 weeks to 
7 months. Complications in this space 
include bronchopleural and esophago-
pleural fistulae (such as from airway/
esophageal injury or from stapler fail-
ure), cardiac herniation into space, 
hemothorax, empyema, and chylotho-
rax. Decreasing liquid levels and new or 
increasing gas in the pneumonectomy 
space suggest BPF, with potential for 
liquid to escape into the tracheobron-
chial tree. Alternatively, a gas-forming 
organism may be considered. VATS 
and partial lung resection, in the form of 
lobectomy, segmentectomy, or wedge 
resection may lead to similar types of 
complications.

Conclusion
The pleura has a rather limited set of 

responses to pathology, namely effusion, 
pneumothorax, thickening, and elevated 
attenuation. Despite this redeeming 
quality, the assessment of pleural dis-
ease on imaging is fraught with vagaries 
and subtleties, and we intimate in our 
discussion that each type of response is 
not easily considered in isolation. For 

the radiologist, these challenges are an 
accepted part of daily interpretation, but 
only a good basic understanding of pleu-
ral pathology will keep us in good stead 
with the referring provider. 
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