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Abstract Although numerous studies have been conducted on the use of ultrasonography
(US) for the examination of thoracic structures, this procedure is not as widely accepted as ab-
dominal US. The newer portable scanners can be used at the bedside to detect pleural malig-
nancies and effusions, as well as peripheral lung nodules of the lung, even in seriously ill
patients. Focal thickening of the pleura can be easily detected with US and further investi-
gated with a US-guided biopsy. US guidance can also be used during percutaneous drainage
of pleural effusion or transthoracic biopsy of peripheral lung lesions, thus reducing the inci-
dence of procedure-related pneumothorax to almost zero. We review the current literature
on thoracic US and present our clinical experience with the technique in large groups of pa-
tients with pleural and peripheral lung diseases.

Sommario L’ecografia del torace non è ancora diffusa quanto quella addominale, nonostante
una notevole quantità di studi ne attesti l’importanza. Le apparecchiature più recenti permet-
tono di diagnosticare neoplasie, versamenti pleurici e noduli polmonari periferici al letto del
paziente, anche nei casi più gravi. L’ispessimento pleurico focale è facilmente messo in luce
dall’ecografia e può essere ulteriormente studiato tramite la biopsia ecoguidata. Questa può
essere praticata anche su lesioni polmonari periferiche, riducendo quasi a zero il rischio di
pneumotorace. In questo articolo esaminiamo la letteratura recente sull’ecografia del torace
e presentiamo la nostra esperienza clinica su numerosi pazienti con patologia pleurica e della
periferia polmonare.
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Fig. 1 The structures that can be explored by thoracic US in-
clude (from the surface) (1) skin; (2) derma; (3) intercostal
muscles, endothoracic membrane; (4) extrapleural fat, parie-
tal and visceral pleura.
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Introduction

Ultrasonography (US) can be used to explore the surfaces of
the lungs through the intercostal spaces, but the presence
of the ribs and of air in the expanded lung reduces the value
of this imaging modality in the examination of deeper
thoracic structures. Nevertheless, US is considered a reli-
able, inexpensive, safe, and reproducible diagnostic
method for the work-up of patients with diseases of the
diaphragm (neoplasms, paresis), thoracic wall (abscesses,
fistulas, neoplasms), lung (atelectasis, pulmonary consoli-
dation), anterosuperior mediastinum (neoplasms, lym-
phoma, cysts), the region between the thorax and the
abdomen, and above all, the pleurae (extrapleural masses,
pleural effusions) [1].

Thanks to the recent diffusion of sophisticated US
scanners equipped with color and power Doppler technol-
ogy and special transducers for transesophageal and endo-
bronchial examinations, US can now be used to investigate
disorders involving the esophagus, bronchi, bronchial blood
vessels, mediastinum, and the large vessels of the heart
[2]. Although computed tomography is still the imaging
method of choice for the diagnosis of these conditions, tho-
racic US can be considered an important supplementary
tool in this setting [3]. Today, thoracic US is mainly used
to guide transthoracic biopsy of peripheral lung lesions
and the drainage of pleural effusions [4]. The increasingly
widespread use of second-generation ultrasound contrast
agents is further expanding the role of thoracic US, and it
is producing promising results in the characterization of pe-
ripheral lung masses [5].

Technique

The US examination of the chest requires a scanner
equipped with a sector or convex small array probe with
medium to high frequency (3.5e7.5 MHz). In most cases,
conclusive information can be obtained with a 3.5-MHz
transducer. However, a high-frequency (8e10 MHz) linear
array probe is needed to study the chest wall, the pleurae,
and the superficial structures of the lung. Color Doppler
technology is not essential during the initial thoracic US ex-
amination, but it is a must during minimally invasive proce-
dures such as biopsy or drainage.

The thoracic US examination can be performed at the
bedside, and no specific patient preparation is needed.
However, patients with respiratory failure should receive
drug therapy and oxygen to relieve their symptoms during
the examination and reduce the risk of motion-related
artifacts caused by labored breathing. Scans of the basal
pleurae and the diaphragm should be obtained with the
patient seated and then (when possible) in the supine
position. In rare cases, the patient may be asked to stand
during the examination (e.g., when the costophrenic recess
is being explored for a possible effusion) [6,7]. Various scan-
ning planes can be used: intercostal, longitudinal, transver-
sal, and paravertebral scans can be used to explore the
posterior chest wall, whereas the anterior wall is usually in-
vestigated with intercostal, longitudinal, supra- and para-
sternal, sub-xiphoid, and supraclavicular scans. Specific
acoustic windows are exploited to improve visualization of
the examined structures. On the right side of the body,
the liver provides a good window for observing the basal
pleurae and the diaphragmatic dome (The patient should
be placed in the supine position and instructed to inhale
deeply). The spleen provides a similar window for examina-
tion of structures in the left side of the chest. Each patho-
logical finding must be documented in two perpendicular
projections. In some cases, US can also be used to further
explore thoracic lesions that have already been visualized
on chest radiographs or on CT scans.

We currently perform most of our thoracic US examina-
tions with a Toshiba SSA340 scanner (Toshiba, Tokyo,
Japan) and both convex (3.5 Mhz) and linear (8 MHz)
probes. In some cases, however, we use a multifrequency
scanner (Esaote Technos MPX, Esaote, Genoa, Italy) with
convex (3.5 MHz) and linear (8 MHz) transducers and special
software for the analysis of second-generation ultrasound
contrast agent signals.

Clinical applications

The thoracic structures that can be explored by US are
(starting at the surface) (1) skin, (2) derma, (3) intercostal
muscles and endothoracic membrane, (4) extrapleural fat
and the parietal and visceral pleurae (Fig. 1). Once the US
beam has penetrated the visceral pleura, it is completely
dispersed by the air in the lungs. The elevated acoustic im-
pedance generated at the interface between the superficial
soft tissues and the air in the lung results in a thin (<3 mm)
echogenic line known as the pleural line. The parietal
pleura is immobile, whereas the visceral pleura moves dur-
ing respiration (‘‘gliding or sliding sign’’). In healthy sub-
jects, the marked difference in the acoustic impedance
levels of soft tissue and air-filled structures usually pro-
duces two types of artifact: [8] the ‘‘comet-tail’’ artifact,
which consists in parallel, hyperechoic reverberations ex-
tending vertically from the pleural interface to the



Fig. 3 A longitudinal-oblique posterobasal US scan reveals
a small effusion in the left costodiaphragmatic recess.
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opposite edge of the screen, and ‘‘reverberation arti-
facts,’’ which are concentric, horizontal hyperechoic lines
representing the interface between the pleura and the tho-
racic wall (Fig. 2).

Pleural and extrapleural diseases

Thoracic US is the ‘‘gold-standard’’ method for studying
pleural effusions [9]. It is more sensitive than chest radiog-
raphy or CT in the detection of small amounts of pleural
fluid (less then 10 ml) (Fig. 3). Effusions appear as a sharply
demarcated, dark or echo-free zone image associated with
downward displacement of the pleural line. The underlying
lung may be well aerated, consolidated, or atelectatic [10].
Various formulas have been elaborated to estimate the vol-
ume of a pleural effusion and of atelectatic lung tissue and
to identify the characteristics of the pleural fluid. In rou-
tine, daily practice, we usually measure the maximal longi-
tudinal and transversal diameters of the effusion [11].

An expert examiner is usually able to define the di-
agnostically relevant characteristics of an effusion. Four
types of effusion fluid may be distinguished on US: (1)
anechoic (similar to the contents of a simple cyst); (2)
complex nonseptate (resembling that of a simple cyst with
floating particles); (3) complex septate (similar to the
contents of a complex cyst) (Fig. 4); (4) homogeneously hy-
perechogenic, which indicates a corpuscular effusion [3]
(Fig. 5). US can also reveal several signs of inflammation (fi-
brous strands, mobile or immobile septa with encapsulated
liquid), as well as pleural thickening. The echogenic char-
acteristics of the fluid may be suggestive of empyema, he-
mothorax, or neoplastic effusion. These exudative
effusions are usually associated with a blurred signal (due
to their high protein content) and with a thickened, nodular
pleura. However, in all these cases, the diagnosis needs to
be confirmed by exploratory thoracentesis and biopsy. Ac-
cording to some authors, the presence within the effusion
fluid of numerous, floating, echogenic particles that swirl
in response to respiratory or cardiac movements (the
‘‘swirling pattern’’) is strongly predictive of a malignant
pleural effusion [12].
Fig. 2 Reverberation artifacts (concentric, horizontally ori-
ented, hyperechoic lines that represent the pleural-thoracic
wall interface) in a normal subject.
Effusions located close to the pulmonary wall, which are
usually associated with solid pulmonary formations or
pneumonia, are easy to detect [12]. Some effusions move
freely when the patient’s position changes; encapsulated
effusions are less mobile. An encapsulated pleural effusion
can be easily differentiated from a fibrothorax, which par-
allels the ribs and does not move with respiratory
movements.

US can also be employed to continuously monitor the
needle position during diagnostic and therapeutic thora-
centesis procedures. It is particularly valuable in this
setting due to its ability to detect minute amounts of fluid
(less then 10 ml) within the costophrenic recesses [13].

Malignant pleural lesions (mesothelioma or metastasis)
can be easily visualized on US, especially when they are
associated with pleural effusions, as is often the case with
diffuse pleural mesotheliomas (Fig. 6). These tumors may
appear as a hyperechoic lesion (or, in rare cases, one
with a mixed echo pattern) associated with thickening of
the parietal and diaphragmatic pleura. In all cases, US is
a valuable tool for guiding pleural biopsy, which is
Fig. 4 US appearance of a complex septate pleural effusion
at the base of the lung.



Fig. 5 The basal effusion shown in Fig. 4 is uniformly hyper-
echogenic on US.
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associated with a low rate of complications [14]. Several
other lesions of the chest wall can also be detected with
US, including cysts, abscesses, hematomas, benign tumors,
and various lesions involving the ribs (metastases, bacterial
osteomyelitis, tubercular lesions). In the presence of osteo-
myelitic involvement, the ribs present irregular margins
and are often surrounded by anechoic infiltrates [2].

The findings that emerge from thoracic US are not
always specific, but this imaging modality can still be
helpful for assessing pleural changes, e.g., extension,
interruption, displacement of the echoic pleural line, its
immobility during respiratory movements. US-guided
transthoracic cutting biopsy may also be of value for
diagnosing lesions in the peripheral regions of the chest,
which is still based primarily on chest radiography, CT, and
MR imaging [15].

Pulmonary diseases

Pulmonary disease can also be detected by US as long as
there is no air between the probe and the lesion and the
Fig. 6 A mesothelioma is easily detected by US when it is
associated with pleural effusion.
beam reaches the pleura. Even a thin layer (1e2 cm) of air
can seriously reduce the visualization of solid lesions, re-
gardless of their size. In certain cases, US imaging can
also reveal deeper-seated pulmonary lesions, e.g., when
the surrounding parenchyma is consolidated, i.e., atelec-
tatic, or when the lesion is surrounded by a pleural effu-
sion, which acts as an acoustic window [16].

Uniformly anechoic pulmonary lesions, usually well
circumscribed, may represent cysts (congenital, broncho-
genic, parasitic, or pleural) or, more rarely, pulmonary
infarcts. Lipomas, which are benign tumors, appear on US
as localized nodules that are hypoechoic or anechoic
(Fig. 7). The presence of echoes within a hypoechoice
anechoic cyst is indicative of a ‘‘complex’’ lesion, such as
an abscess, a hematoma, a necrotic neoplasm, or a multive-
sicular hydatid cyst [17] (Fig. 8). Pulmonary abscesses
appear as circumscribed, collections of corpuscular fluid.
They can be detected easily with US when they are located
in the peripheral regions of the lung, close to the parietal
pleura, or associated with pleural adhesions [18].

Nodular or ovoid solid lesions with blurred margins are
suggestive of lung tumors. They are usually hypoechoic, but
hyperechoic and anechoic patterns (due to the presence of
colliquative necrosis) are not infrequent (Fig. 9) [19]. Histo-
logically, peripheral pulmonary malignancies may be ade-
nocarcinoma, squamous cell carcinoma, undifferentiated
large-cell carcinoma, microcytoma, or metastatic lesions
[20]. Although conventional US cannot discriminate be-
tween different pulmonary neoplasms [21], the use of US
contrast agents has produced promising results. Recent
studies suggest that contrast-enhanced US might help
identify the nature of peripheral lung masses [22]. We
have recently shown that US performed with the second-
generation ultrasound contrast agent, SonoVue� (Bracco,
Milan, Italy) can be used to differentiate malignant from
benign neoplasms [17] (Fig. 10), although these preliminary
findings need to be confirmed in a larger series of patients.

Pulmonary abscesses cannot be differentiated from
tumors undergoing colliquative necrosis based on US find-
ings alone, and the US diagnosis of solid pulmonary lesions
also requires confirmatory studies, such as transthoracic
cutting biopsy. However, US plays a critical role in the
Fig. 7 Pulmonary lipoma appears on US as a localized hypo-
anechoic nodule.



Fig. 8 Pulmonary echinococcal cyst with small daughter
cysts (Type CE3b in the WHO Classification).

Fig. 10 US performed with the contrast agent SonoVue�

(Bracco) reveals an adenocarcinoma of the right lung in the
posterobasal region. Contrast enhancement of the lesion was
detectable 90 seconds after intravenous administration of
SonoVue�.
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guidance of the latter procedure [23], and some authors
[24] recommend it as a supplement to CT in the study of pe-
ripheral lung malignancies. US seems to be highly sensitive
in defining local tumor extension, providing good visualiza-
tion of invasion of the pleura and the chest wall. The mobil-
ity of the lesion during the various phases of breathing can
also be evaluated.

The pneumoconioses, a group of a lung diseases caused
by inhaled particles, are not associated with typical US
patterns, although irregular pleural thickening is commonly
detected in the advanced phases of the disease. The
location of the lesion in the lung may be of help in the
diagnostic work-up: the presence of subpleural nodules or
of lesions in the dorsal apex of the lung are suggestive of
silicosis, whereas peripheral lesions in the lower lobes are
a characteristic feature of asbestosis [25].

US can detect interstitial lung disease if the interstitium
of the peripheral lung is involved [26]. The typical US find-
ings associated with pulmonary fibrosis include [27] (1)
fragmentation and irregular thickening of the pleural line,
Fig. 9 Hypoechoic lesions with blurred margins in a patient
with a malignant tumor located in the periphery of the left
lung.
especially in the lower lobes (findings that are independent
of the severity of the disease) (Fig. 11); (2) attenuation of
the physiological gliding sign, which is related to the stage
of the disease; (3) immobility of the diaphragm, which is
best visualized on a scan of the right chest made when
the patient is in the supine position (end-stage disease);
and (4) multiple reverberation artifacts (advanced stage).
All these abnormalities can be detected in both lungs,
which is a reflection of the diffuse nature of the fibrotic
process [28].

The US findings associated with fibrothorax are a thick-
ened pleural line associated with an attenuated gliding
sign. Pulmonary sarcoidosis is associated with micronodu-
lation, related to the thickness of connective tissue in the
upper lobes of the lung. In some cases, small pleural
effusions are also seen at the lung bases.

Lung atelectasis is easily diagnosed by US [29]. Two
forms can be distinguished; a central form caused by airway
Fig. 11 Micronodulation, fragmentation, and irregular thick-
ening of the pleura associated with idiopathic pulmonary
fibrosis.
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obstruction and a peripheral form related to parenchymal
compression by effusion fluid, air (pneumothorax), trauma,
diffuse fibrous tissue, or malignant tumors. Within the
boundaries of the atelectatic lesion, the consolidated pa-
renchyma generates a homogeneous pattern that is isoe-
choic or hypoechoic with respect to the liver. Sometimes,
fluid-filled tubular structures with echogenic walls are visi-
ble within the lesion; these images represent pulmonary
blood vessels or mucus-filled bronchi (the so-called ‘‘fluid
US bronchogram’’) [30].

Inflammatory processes, such as pneumonia or pulmo-
nary consolidation, that involve the peripheral regions of
the lung can also be detected by US. Inflamed lung tissue
usually appears as a hypoechoic or anechoic lesion, or,
sometimes, as a hypoehyperechoic image with blurred
margins. Within the borders of the lesion are hyperechoic
lines corresponding to bronchi filled with air (the ‘‘sono-
graphic air bronchogram’’) (Fig. 12). A less common finding
is the presence of inflated hypoechoic tubular lines, which
represent trapped vessels or edematous bronchi (the ‘‘so-
nographic fluid bronchogram’’) [31]. Inflammatory diseases
of the lung are frequently associated with basal pleural ef-
fusions, which can be detected by US. This modality can
also be useful in the follow-up of a patient with pulmonary
consolidation, since it allows visualization of changes in-
volving the inflammatory process after therapy [32]. Al-
though data based on the study of a small series of
patients with bronchopneumonia suggest that contrast-en-
hanced US performed with SonoVue� can be helpful in
this setting, the results are still inconclusive.

The most characteristic US findings associated with
pneumothorax are the absence of the physiological gliding
sign and the absence of comet-tail artifacts during re-
spiratory movements [33]. To investigate the potential con-
tributions of US to the work-up of this disorder, we
observed over 340 patients with either pneumothorax or hy-
dro-pneumothorax over a 12-year period. In all subjects,
chest radiography was performed before US imaging, but
the sonographer was blinded to the radiographic diagnosis.
The most common US findings in patients with pneumotho-
rax were (a) absence of the gliding sign (all patients with
Fig. 12 Laterobasal consolidation of the left lung: The hy-
perechoic line (arrow) represents air-filled bronchi (‘‘US air
bronchogram’’).
pneumothorax), and (b) absence of ring-down artifacts
(75% of cases). The main finding in patients with hydro-
pneumothorax was the so-called ‘‘curtain sign.’’ The diag-
nosis of pneumothorax or hydro-pneumothorax made on
the basis of posteroanterior radiographic findings was con-
sistently confirmed by the US study [29].

Since then, we have regularly used US alone to rule out
the possibility of pneumothorax following thoracentesis or
pleuro-pulmonary biopsy. In light of our experience and
reports in the literature [34], the diagnostic accuracy of US
in most cases of pneumothorax and hydro-pneumothorax
appears superior to that of conventional chest radiography.
Except in a few dubious cases, the latter examination is no
longer mandatory after invasive diagnostic or therapeutic
procedures. However, in the presence of diffuse fibro-
thorax, diagnosis of pneumothorax by US imaging is very
difficult because the gliding sign is not easily detectable
in these patients [35].

A recent study [36] has emphasized the role of US in the
diagnosis of acute pulmonary edema. Management of this
condition is based mainly on clinical findings, but imaging
confirmation is often sought by the attending physician.
US might be even more informative than standard chest ra-
diography in distinguishing acute pulmonary edema from an
exacerbation of bronchopneumonia [37]. The presence of
multiple comet-tail or vertical artifacts (more than 4e6
per costal space) is indicative of acute pulmonary edema
[38]. In 68 consecutive patients presenting to our Emer-
gency Department with clinical signs of acute pulmonary
edema, this finding was detected in all cases [39]. This ex-
perience confirms the diagnostic accuracy of US imaging for
the diagnosis of ‘‘wet lung’’ based on the observation of
these artifacts [40] (Fig. 13).

Invasive pleural and pulmonary procedures

Thoracic US is widely used to guide needle placement
during thoracentesis procedures, reducing the risk of
Fig. 13 The presence of more than 4 comet-tail artifacts in
a single intercostal space and the absence of horizontal arti-
facts is suggestive of ‘‘wet lung’’ in patients with acute pulmo-
nary edema.
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pneumothorax [41]. Pneumothorax reportedly occurs in 7e
15% of patients who undergo blind thoracentesis, but the
frequency drops to 0.5% when US needle guidance is used
[42,43]. In the past 10 years, we have performed 1480 diag-
nostic or therapeutic thoracenteses under US guidance. In
270 (18%) cases, the purpose of the procedure was to exam-
ine the drainage fluid for tumor cells. There were only two
cases of pneumothorax (0.1%), both of which resolved spon-
taneously within a few days of the procedure, and only one
patient developed pulmonary edema.

As mentioned above, US can provide information on the
characteristics of the effusion (simple, encapsulated, or
organized), which is important for defining the nature of
opacities seen on chest radiographs (e.g., differentiation of
pleural effusion and pulmonary consolidation) [44]. Every
emergency department should be equipped with an US
scanner. It can play a key role in verifying clinical suspicion
of massive pleural effusion in patients with acute respira-
tory distress. It also allows prompt drainage of the chest
with a low rate of pneumothorax. In critically ill patients,
even massive effusions can often be drained within a rea-
sonably short time with a low-flow, low-pressure aspirator
with a small-gauge needle (20 G).

Pleural lesions that can be evaluated with US-guided
transthoracic biopsy include nodular thickening, which
appears as hypoechoic micronodulation often combined
with pleural line thickening; and pleural mesotheliomas,
which appear as hyperechoic mixed lesions, often multiple
forms, that are associated with serohematic effusions [45].
(Benign pleural lesions, such as fibromas or lipomas, are
rare.) In cases of pneumonia, it is often impossible to deter-
mine the etiology based on bacteriological assessment of
sputum and/or pleural effusion fluid, blood cultures, and
serological examination of urine specimens [46]. The re-
ported complication rates are low (pneumothorax in 1e2%
of the cases). In cases of pleural empyema or peripheral
pulmonary abscess, US guidance is a fundamental clinical
tool.

US is capable of detecting lung tumors only when they
are located in the peripheral regions of the organ [47]. Be-
cause there is no typical neoplastic pattern on US (or on
other imaging methods), needle biopsy of these lesions is
mandatory. All pulmonary lesions detected with US can be
safely subjected to needle-aspiration. We currently use
both aspiration and cutting 20e21 G needles (Histo-cut,
Sterylab, Rho, Italy or Biomol Hospital Service, Aprilia,
Italy). In our experience, the lung tumors most frequently
diagnosed by US-guided needle-aspiration are adenocarci-
nomas (41%), squamous cell carcinomas (37%), large-cell
anaplastic carcinomas (17%), microcytomas or metastases
(5%). The diagnostic accuracy rates reported in the litera-
ture for US-guided transthoracic needle-aspiration biopsy
range from 85e96% [48]. In our hands, the procedure was
associated with even higher diagnostic accuracy (99%). In
a series of 740 patients with peripheral lung tumors, we ob-
tained cytologicalehistological diagnoses of carcinoma in
683 patients. The complication rate was only 0.7% (three
cases of partial pneumothorax, which resolved spontane-
ously; one case of mild hemoptysis; and 1 case of complete
pneumothorax, which was successfully managed with
chest-tube drainage) [49]. The use of US-guided radiofre-
quency thermal ablation of lung tumors is attracting
increasing attention [48]. For this purpose, US appears to
be more valuable than computed tomography because it al-
lows continuous, real-time visualization of all phases of the
procedure.

The most recent application of US in the study of pleural
and pulmonary diseases is endoluminal US [50]. This com-
plex technique, which is currently performed only in
a few highly specialized centers, includes (1) transesopha-
geal US-endoscopy, which can reveal abnormalities (lymph-
adenopathy and neoplastic masses) between the aorta and
the central pulmonary veins, eliminating the need for bi-
opsy; (2) endobronchial US, which can be used to visualize
intra- and subparietal lesions of the bronchi, as well as peri-
bronchial extension of a bronchial mass, and to character-
ize the vascular pattern of these lesions [51]; (3) US
during thoracoscopy, which can identify tiny nodules that
are impossible to detect with others tools [52].

Ethical approval for this study was granted by the
Medical Research Ethics Committee of our University, and
informed consent was obtained from all patients.
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