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Abstract
As a result of many advantages, such as absence of 
radiation exposure, non-invasiveness, low cost, safety, 
and ready availability, transthoracic ultrasonography 
(TUS) represents an emerging and useful technique in 
the management of pleural and pulmonary diseases. 
In this first part of a comprehensive review dealing 
with the role of TUS in pleuropulmonary pathology, 
the examination technique, limits, normal findings, 
and sonographic artefacts and morphology of the most 
important and frequent pleural diseases are described. 
In particular, this first part deals with the capability of 
TUS in detecting pleural effusion and differentiating 
pleural fluid from pleural thickening; its usefulness in 
detecting pneumothorax on the basis of the changes 
in the artefacts detectable in the normally aerated lung 
and the appearance of pathologic artefacts; and its 
role in detecting pleural-based lesions and classifying 
them into extrapleural, pleural, and parenchymal le-
sions. Finally, the limits of TUS when compared with 
computed tomography of the chest are described, 
highlighting the inability of TUS to depict lesions that 
are not in contact with the pleura or are located under 
bony structures, poor visualization of the mediastinum, 
and the need for very experienced examiners to obtain 
reliable results.
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INTRODUCTION
Thoracic diseases are commonly investigated using chest 
radiography and chest computed tomography (CT). In 
recent years, new techniques have emerged in thoracic 
imaging, such as spiral CT scanning, high-resolution CT 
scanning, and magnetic resonance imaging (MRI). At 
the same time, transthoracic ultrasonography (TUS) of  
the chest wall, lung and pleura has gained in popularity 
in the diagnostic work-up of  pleuropulmonary diseases, 
particularly in critically ill patients. Several studies have 
recently proved its accuracy in detecting and characterizing 
pleural-based nodules, and identifying and quantifying 
pleural effusion. TUS is a feasible technique that can 
be performed in the emergency room, or directly at 
the patient’s bedside. Moreover, it provides many other 
advantages including the absence of  radiation exposure, 
non-invasiveness, low cost, safety, and the possibility 
to guide real-time aspiration of  pleural effusion, and 
percutaneous biopsy of  peripheral pulmonary lesions 
abutting the pleura.

The aim of  this paper is to describe the sonographic 
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appearance of  the most important pleural and pulmo-
nary diseases in order to define the actual role of  TUS in 
the diagnostic work-up of  lung pathology, and to intro-
duce some preliminary data about the role of  contrast-
enhanced ultrasonography in the study of  pulmonary 
pleural-based lesions. In the first part of  this compre-
hensive review on the role of  TUS in pleuropulmonary 
pathology, the examination technique, limits, normal 
findings, and sonographic artefacts and morphology of  
the most important and frequent pleural diseases (pleural 
effusion, pneumothorax, focal pleural lesions) are de-
scribed.

EXAMINATION TECHNIQUE, NORMAL 
ANATOMY AND ARTEFACTS IN TUS
Ultrasonographic examination of  the lung and pleura can 
be performed using conventional ultrasound equipment 
with linear and convex probes of  3.5-7.5 MHz, or even 
10.0 MHz, using the intercostal spaces as an acoustic 
window. In some cases, this can be supplemented by the 
use of  color Doppler and ultrasound contrast agents.

Most important, it must always be kept in mind that 
the diagnostic information provided by TUS is limited by 
the total reflection of  sound waves by tissues that con-
tain air and by the absorption of  sound waves by bony 
structures. It follows that lesions within the aerated lung 
not in contact with the pleura, and subscapular, para-
vertebral, retrosternal or rear mediastinal lesions cannot 
be visualized with TUS. Likewise, TUS cannot provide 
any useful information in the presence of  subcutaneous 
emphysema. However, a total of  about 70% of  the pleu-
ral surface is accessible to ultrasound examination. To 
perform posterior scans of  the thorax, the patient should 
stay in a sitting or lateral position, while to perform ante-
rior scans, the patient can be in a supine or sitting posi-
tion. For optimal examination of  the anterior and pos-
terior parts of  the chest, the arms of  the patient should 
be elevated and the hands clasped behind the neck. The 
probe should be moved in longitudinal and transverse 
directions to visualize the pleura and the lung surface 
through the intercostal spaces, thereby avoiding the ribs.

The pleural band of  reflections that can be read-
ily delimited from the soft tissues of  the thoracic wall 
consists of  several components (the endothoracic fascia, 
parietal and visceral pleura, and interface reflections to 
aerated lung), and is created mainly by high-amplitude 
echoes at the boundary between the pleura and the aer-
ated lung. Distal to this band of  reflection, a largely 
homogeneous area of  reverberation echoes is visible, 
which is elicited by total reflection of  the sound waves at 
the lung surface[1-5]. Based on these concepts, the normal 
artefacts originating from the lung and pleura should 
be well known, before approaching the study of  pleural 
and pulmonary diseases. Indeed, respiration-dependent 
movement of  the visceral pleura and lung surface with 
respect to the parietal pleura and chest wall (“gliding 

sign” or “lung sliding”) can be easily identified by real-
time sonography, particularly in healthy lungs[1-6]. Moreo-
ver, intensive band-like reverberation echoes (reverbera-
tion and comet-tail artefacts) evoked during breathing 
movements can be seen at the boundary between the 
pleura and the ventilated lung tissue[1-4]. As a conse-
quence, it is assumed that reverberation and comet-tail 
artefacts can be evoked only at the boundary between 
the visceral pleura and the normally aerated lung. Com-
et-tail artefacts are generally sporadic in healthy lungs, 
and become more frequent in diffuse parenchymal dis-
eases[7,8]. These common artefacts can appear as multiple 
parallel transversal echoes departing from the pleural line 
(reverberation artefacts, Figure 1), or as some discrete 
thickening comet-tail-like echoes originating from the 
pleura (comet-tail artefacts, Figures 2 and 3), depend-
ing on the difference in acoustic impedance between 
the pleura and the tissue nearby[1-4,6]. Moreover, when a 
fluid component is present in the pulmonary alveoli or 
interalveolar septa near the pleura, the so called ring-
down vertical artefacts (Figures 3 and 4) can be evoked 
as a series of  hyperechoic narrow-based bands or streaks 
spreading from the pleural line into the lung surface[1-4,6]. 
It is assumed that the ring-down artefacts are frequent in 
interstitial lung diseases when a fluid collection is present 
(e.g. pulmonary edema)[8,9]. 
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Figure 1  Normal lung. Multiple parallel transversal echoes departing from the 
pleural line (reverberation artefacts) and a single vertical artefact.

Figure 2  Pulmonary fibrosis. Multiple vertical comet-tail artefacts and spo-
radic ring-down artefacts. The pleural line appears thick and irregular.
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The main artefacts originating from lung and pleura 
and their description are summarized in the Table 1.

PLEURAL DISEASES
For the purposes of  this article, the main pleural diseases 
are divided into pleural effusion, pneumothorax, and 
focal solid pleural lesions.

Pleural effusion
The capability of  TUS in detecting pleural effusion and 
differentiating pleural fluid and pleural thickening has 
been well established in recent years[1,3,4,6,10-14]. Moreover, 
TUS has been proved to be more accurate and prefer-
able to radiographic measurement in the quantification 
of  pleural effusion[11,15]. Consequently, according to its 
ready availability, TUS has become a major imaging mo-
dality in determining the presence and nature of  pleural 
effusion, and in guiding the aspiration of  pleural fluid or 
the placement of  chest tubes[3,16]. 

Pleural effusion can be divided into transudates (pro-
tein concentration < 3 g/100 mL) caused by systemic fac-
tors, and exudates (protein concentration > 3 g/100 mL)  
caused by inflammatory or neoplastic diseases[3]. To deter-
mine ultrasonographically the nature of  pleural effusion, 
Yang et al[13] have suggested to classify pleural effusion 
into anechoic, complex non-septated, complex septated, 
and homogeneously echogenic effusion. According to 
this classification, the effusion is defined as anechoic if  
echo-free spaces are present between the visceral and pa-
rietal pleura (Figure 5); complex non-septated if  hetero-
geneous echogenic material is inside the anechoic pleural 
effusion (Figure 6); complex septated if  fibrin strands 
or septa are floating inside the anechoic pleural effusion 
(Figure 7A and B); and homogeneously echogenic if  
homogeneously echogenic spaces are present between 
visceral and parietal pleura (Figure 8A and B). Transu-
dates usually appear anechoic with an echo-free pattern, 
although partially treated transudates of  congestive heart 
failure may occasionally be echogenic[17]. However, ane-
choic effusion can be either a transudate or an exudate. 
Moreover, although hemorrhagic effusion, empyema, and 
chylothorax usually present as homogeneously echogenic 
effusion, differential diagnosis among these entities is not 
possible with TUS, and explorative thoracentesis with 
macroscopic and physicochemical examination of  the 
fluid may be required to clarify the nature of  the effusion. 
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Figure 4  Normal lung. Sporadic ring-down artefacts spreading from the pleu-
ral line into the lung surface.
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Figure 3  Right and left lung showing comet-tail and ring-down artefacts, 
respectively.

Figure 5  Anechoic echo-free pleural effusion.

Table 1  Main findings in TUS study of lung and pleura

TUS finding Definition

Gliding sign or lung 
sliding

Respiration-dependent movement of the 
visceral pleura and lung surface with respect 
to the parietal pleura and chest wall. Normal 
finding

Reverberation artefacts Multiple parallel transversal echoes departing 
from and reproducing the pleural line. 
Normal finding

Comet-tail artefacts Discrete thickening comet-tail like echoes 
originating from the pleura. Normal finding1

Ring-down artefacts Vertical spreading in the depth echoes. 
Edema; interstitial diseases

Lung point Boundary between pneumothorax and 
aerated lung

Lung pulse Slow sliding depending on heart beats. It 
excludes PNX; can suggest atelectasis

Bronchogram Air inside the bronchi2

1Generally sporadic, becoming more numerous in diffuse parenchymal 
diseases; 2If air moves inside the bronchi (dynamic bronchogram), atelectasis 
is excluded. If air does not move and appears as multiple parallel and fixed 
echogenic strains, it suggests atelectasis. TUS: Transthoracic ultrasonogra-
phy.
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Several formulas have been proposed to quantify 
pleural effusion, but their usefulness in clinical practice 
is questionable. However, TUS is considered preferable 
to radiographic measurement to obtain an empirical es-
timate of  the volume. Since the distribution of  pleural 
fluid in the pleural space is dependent on the position of  
the patient, the use of  a standard sonographic method 
of  evaluation with the patient in the sitting position is 
recommended[3].

Pneumothorax
Sonographic images of  the lung are composed exclu-
sively of  artefacts because air prevents transmission of  
the ultrasound beam[1-4]. Consequently, it would seem 

theoretically inconceivable that air in the lungs can be 
distinguished ultrasonographically from air in the pleural 
space. However, TUS is able to depict a pneumothorax, 
as the artefacts in air-containing lungs differ from those 
induced by air in the pleural space. Indeed, the presence 
of  air in the pleural space prevents sonographic visualiza-
tion of  visceral pleural movements during breathing with 
disappearance of  the gliding sign and comet-tail artefacts, 
which can be evoked only at the boundary between the 
visceral pleura and ventilated pulmonary alveoli. Moreo-
ver, the presence of  air in the pleural space generates 
reverberation artefacts that form parallel horizontal 
echoic lines characterized by artefactual immobility dur-
ing breathing movements. These artefacts (the so-called 
“frozen echoes”) can be well documented with M-mode 
imaging (Figure 9A), and can be easily distinguished 
from the normal “frosted glass-like” artefacts due to the 
breath-dependent movements (Figure 9B)[18-24].

Based on these findings, some studies have demon-
strated that TUS enables us to detect even very small 
amounts of  air when parasternal anterior scans with 
supine patients are performed. Such ability plays a very 
important role particularly in severely ill or traumatized 
patient. Chest radiography in standing patients is com-
monly considered the method of  choice for the diagno-
sis of  pneumothorax. However, as a rule, the severely ill 
or traumatized patients can only be subjected to radiog-
raphy in the recumbent position, which makes diagnosis 
of  a small pneumothorax much more difficult. As a 
consequence of  this limit of  chest radiography, in recent 
years, bedside TUS has gained increasing consideration 
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Figure 7  Sporadic (A) and multiple (B) fibrin strands or septa floating in-
side the anechoic pleural effusion.
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Figure 8  Homogeneous echogenic material inside the pleural space (A 
and B). Loc: Loculation; Microloc: Microloculation.

Figure 6  Heterogeneous echogenic material inside the anechoic pleural 
effusion.

Sartori S et al . Ultrasonography in pleuropulmonary pathology



as a first-line approach in emergency departments and 
intensive care units to evaluate unstable patients[25-30]. 
However, TUS cannot replace CT in the diagnostic 
work-up of  critically ill patients, especially if  they are 
traumatized, and CT should always be performed when 
the patients have become stable.

TUS has been proven to be at least as effective as 
chest radiography in detecting or excluding pneumotho-
rax after interventional thoracic procedures[24,31,32]. In a 
recent prospective comparison with chest radiography, 
Sartori et al[24] have reported a sensitivity and specificity 
of  100% of  TUS for detection of  pneumothorax after 
sonographically guided lung biopsy, versus a sensitivity 
of  87.5% and specificity of  100% for chest radiography. 
In another study performed in patients undergoing a 
miscellany of  interventional thoracic procedures, Reißig 
et al[32] have observed a sensitivity and specificity of  
100% for TUS in excluding post-interventional pneu-
mothorax, versus a sensitivity of  98% and specificity 
of  100% for chest radiography. However, despite its 
high accuracy in detecting pneumothorax, TUS is not 
yet considered a reliable tool for estimating the volume 
of  pneumothorax. The size of  pneumothorax can be 
roughly approximated by assessment of  the lung point, 
defined as the boundary between the pleural air sickle 
and the reappearance of  normally moving visceral pleura 
(Figure 10)[33]. However, the depth of  pulmonary col-
lapse cannot be evaluated, and chest radiography is nec-
essary to quantify pneumothorax when the lung point 

is identified far from the site of  biopsy needle entry or 
drainage placement[34].

Focal pleural lesions
TUS has been proved to be far superior to chest radi-
ography in classifying pleural-based lesions into extrap-
leural, pleural, and parenchymal lesions[3]. Extrapleural 
masses usually displace the overlying parietal and visceral 
pleura, which results in an obtuse angle between the tu-
mor and the chest wall. If  rib destruction or muscle in-
filtration can also be demonstrated, the extrapleural site 
of  origin of  the lesion is further confirmed (Figure 11). 
Pleural lesions arising from the visceral or parietal pleura 
are usually confined to the pleural space and show an 
ovoid or trapezoidal shape with irregular, knotty, or poly-
poid profiles (Figures 12 and 13), sometimes similar to 
that of  extrapleural lesions. Peripheral pulmonary lesions 
abutting the pleura typically show an acute angle between 
the lesion and the chest wall (Figure 14). However, there 
may be some overlap in the appearance of  extrapleural, 
pleural, and peripheral subpleural lung lesions. Large 
extrapleural tumors may invade the pleural space and 
pulmonary parenchyma, pedunculated pleural tumors 
may prolapse into the adjacent lung parenchyma, which 
results in acute angles between the lesion and the chest 
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Lung point

Figure 10  Lung point. Horizontal reverberation artefacts are interrupted by 
reappearance of irregular, fragmented, thickened pleural line with comet-tail 
artefacts.

Figure 11  Extrapleural mass disrupting a rib (thin arrow) and displacing 
and disrupting the pleural line (large arrow).

Figure 9  Pneumothorax. A: B-mode image (right image) shows horizontal 
reverberation artefacts corresponding to frozen echoes in M-mode image (left 
image), due to loss of breathing-dependent motion of pleural line; B: After reso-
lution of pneumothorax, B-mode image (right image) shows pleural line and a 
single comet-tail artefact; in M-mode image (left image), breathing-dependent 
movements appear as “frosted glass” artefacts, quite different from frozen ech-
oes seen in A.

B

A
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wall, and large pulmonary tumors that broadly infiltrate 
the pleura may show an obtuse angle with the chest wall. 
However, the role of  TUS in the detection and differen-
tial diagnosis of  focal pleural lesions is limited. Indeed, 
unless the tumor is large enough to allow clear depiction 
and imaging-guided biopsy, the diagnosis of  focal pleural 
lesions is challenging for all imaging techniques. In this 
regard, some reports have recently suggested a good di-
agnostic yield of  18F-fluoro-2-deoxy-D-glucose positron 
emission tomography (PET) and PET/CT[35,36], but at 
present, thoracoscopy is often needed to achieve a reli-
able diagnosis of  focal pleural lesions.

One of  the most interesting advantages of  TUS is its 
ability to assess the presence of  pleural tumor infiltra-
tion by real-time imaging. If  the subpleural parenchy-
mal tumor shows breathing-dependent up and down 
movements, infiltration of  the pleura can be excluded. 
Conversely, if  the pulmonary tumor does not move 
during breathing and the pleural line appears disrupted, 
fixation to the parietal pleura due to neoplastic infiltra-
tion or desmoplastic reaction has occurred. Moreover, in 
extrapleural lesions infiltration of  the visceral pleura can 
be demonstrated when the comet tail artefacts, which 
normally move up and down during breathing, become 
fixed. TUS is also superior to chest radiography in dif-
ferentiating loculated effusion from solid pleural tumors, 

and in defining the internal structure of  a pleural mass. 
Color Doppler sonography can help in differentiat-
ing homogeneously echogenic loculated effusion from 
solid lesions, although it cannot depict very slow flow 
signals. In these cases, low mechanical index, contrast-
enhanced sonography with second generation contrast 
agents could represent a reliable tool to differentiate 
vascularized tissue lesions (Figure 15A and B) from non-
vascularized echogenic effusion (Figure 16). However, 
at present, there are no definitive data in the literature to 
support such an assumption.

Benign pleural lesions are quite rare, and include 
pleural thickening or plaques, fibroma, and lipoma. They 
usually present as hyperechoic, well-defined pleural le-
sions that form an obtuse angle with the chest wall. Tu-
mors of  the peripheral nerves (neurofibroma, schwanno-
ma) are extrapleural masses of  the thoracic wall that may 
not infrequently mimic a pleural tumor. They are gener-
ally benign, but sometimes they can also be malignant, 
are usually round, sharply marginated masses of  high, 
mixed or low echogenicity. However, in most cases, so-
nographic features of  benign pleural lesions and neuro-
genic tumors cannot provide a definitive diagnosis, and 
pathological confirmation is often needed[3,37,38].

Malignant pleural lesions include pleural mesothelioma, 
pleural metastasis, pleural infiltration of  bronchogenic car-
cinoma, and pleural lymphoma (very infrequent). Pleural 
mesothelioma usually appears as a diffuse pleural thicken-
ing or as a hypoechoic or isoechoic vascularized mass with 
irregular shape or lobulated borders (Figures 12 and 13).  
Pleural effusion, frequently hemorrhagic, is often 
present. Pleural metastases constitute the majority of  
malignant neoplasms that involve the pleura. Broncho-
genic carcinoma is the first cause of  pleural metastasis, 
but primary neoplasms of  breast, gastrointestinal tract, 
kidney and ovaries are also frequent sources. Usually, 
pleural metastases become manifest as pleural effusion, 
as they are frequently too small (< 1-2 mm) to be de-
tected by the imaging techniques (TUS or CT). However, 
TUS plays an important role as the method of  choice to 
guide thoracentesis for cytological confirmation. Pleural 
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Figure 13  Color Doppler sonography shows flow signals inside the le-
sion, with mainly arterial vascularization.

Figure 12  Pleural mesothelioma. Solid pleural mass with irregular 
lobulated borders.

Figure 14  Peripheral pulmonary nodule abutting and infiltrating the pleu-
ra. Note the acute angle between the nodule and the pleural line (thin arrow) 
and the disruption of the pleural line (large arrow).

Sartori S et al . Ultrasonography in pleuropulmonary pathology
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metastases that can be detected by TUS usually appear as 
relatively small hypoechoic lesions with obtuse margins 
with the chest wall (Figure 15A), or as large masses with 
complex echogenicity. Conversely, pleural involvement 
from bronchogenic carcinoma typically appears as a hy-
poechoic mass with acute angulation between the lesion 
and the chest wall. As previously described, TUS can eas-
ily exclude or document infiltration of  the parietal pleura 
by assessing the mobility of  the tumor during breathing 
movements. However, desmoplastic reaction and inflam-
mation can fix the tumor to the adjacent pleura and dis-
rupt the pleural line, thus simulating an invasive lesion. 
Although in some cases the sonographic features of  the 
lesions can help to establish the nature of  the tumor, 
cyto-histological confirmation is often needed, and TUS 
is the method of  choice to guide pleural biopsy. TUS-
guided biopsy of  pleural lesions is a safe and effective 
technique, and when the lesions can be well identified, it 
represents a feasible tool to obtain tissue samples with a 
very low risk of  pneumothorax, as the procedure can be 
monitored in real-time and aerated lung tissue is usually 
not penetrated by the biopsy needle[16,24,39].

CONCLUSION
TUS is gaining increasing importance in the diagnostic 
work-up of  pleural pathology, and in recent years, sev-
eral studies have dealt with its usefulness and advantages 
in this setting. Besides the lack of  radiation exposure, it 

appears to be as effective as chest radiography in detect-
ing or excluding pneumothorax, is superior to chest radi-
ography in detecting and characterizing pleural effusion, 
and is considered the method of  choice to guide pleural 
fluid aspiration and percutaneous biopsy of  pleural-
based lesions. Moreover, unlike radiological methods, 
portable ultrasound devices allow examination at almost 
any location, and such an advantage can play an impor-
tant role in emergency departments and intensive care 
units.

However, despite these advantages, TUS has some 
limits and cannot be considered as an alternative to 
thoracic CT for the study of  pleural pathology. TUS 
achieves only poor visualization of  the mediastinum (in 
particular the rear mediastinum), and the sonographic 
waves are hindered by air and bony structures. As a 
consequence, TUS does not provide any diagnostic in-
formation in the presence of  subcutaneous emphysema, 
and cannot visualize subscapular, paravertebral and 
retrosternal lesions. Although TUS can provide useful 
and reliable information about parietal pleural infiltration 
of  lung tumors, CT is superior to TUS for investigating 
focal and diffuse pleural diseases, as it enables one to 
evaluate all parts of  the pleura, including the mediasti-
nal pleura, and can better delineate the pulmonary and 
pleural components of  a mass. Moreover, TUS is strictly 
operator dependent, and only skilled examiners with a 
lot of  experience can obtain good and reliable results.

Nonetheless, TUS can provide immediate diagnostic 
information in particular settings, such as the suspicion 
of  pleural effusion and detection or exclusion of  pneu-
mothorax after interventional procedures or in critically 
ill, unstable patients. Moreover, it can add interesting 
information in nearly all of  the most common pleural 
diseases, and in our opinion, TUS should be included 
as a useful, complementary tool in an up-to-date multi-
modality approach to the diagnostic work-up of  pleural 
pathology.
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